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The present invention relates to means for processing
electrocardiac signals and, more particularly, to com-
puter means for obtaining large quantities of electro-
cardiac signals and automatically processing the electro-
cardiac signals to indicate the presence and character
of certain forms of abnormalities therein.

As is well known, the human cardiac muscle produces
electrical signals that radiate throughout the body and
upon the surface of the skin. These electrocardiac sig-
nals result from expansions and contractions of the
cardiac muscle and have many known relationships
thereto. By placing electrodes on a patient’s skin, these
electrocardiac or EKG signals may be sensed. Further-
more, by interconnecting the electrodes with a suitable
cathode ray oscilloscope, electrocardiograph or a similar
device, the EKG signals may be visually presented for
viewing by an electrocardiologist.

Customaril)@’ the EKG signals are recorded as a graph
on a paper tape for subsequent study and analysis. The
resultant graph or electrocardiogram will permit visually
observing the EKG signal and a determination of the
characteristics thereof.

Normally,. the EKG signal will include a group of
pulses or waves that result from depolarization of the
ventricles prior to contraction and are commonly referred
to as the QRS complex. Immediately preceding this
complex there is normally a small pulse that results from
the initiation of the muscular activity and is referred to
as the P wave. Following the QRS complex there is
normally at least one additional pulse referred to as the
T wave and separated from the QRS complex by the so-
called ST segment. Following the completion of one
pumping action and prior to the succeeding pumping
action, the cardiac muscle relaxes and the EKG signal
will be essentially quiescent with little or no fluctuation
in the amplitude thereof.

In a normal healthy heart the pulse rate, the rhythm
thereof, the shape of the QRS complex, and the ampli-
tude of the ST segment have certain predetermined char-
acteristics and fall within certain limits. However, in
the event the cardiac muscle is subject to abnormal strain
and/or has one or more infirmities therein, the EKG
signal may have one or more differences from a normal
EKG signal. For example, the rate and/or rhythm of
the heart beat may be erratic and vary throughout wide
limits. In addition, both the size,'shape and time dura-
tion of the QRS complex and the ST segment following
it may vary substantially from the normal.

At the present time the most common and practical
means for determining whether a heart has certain types
of abnormalities and the nature thereof has been to ob-
tain an electrocardiogram and to manually study or
analyze the electrocardiogram to determine if it is normal
or not. Heretofore this has required the services of a
highly skilled electrocardiologist who must expend large
quantities of time reviewing the electrocardiogram.
This is not only a very time-consuming process but is
also very wasteful of a highly skilled person.

Although many heart disorders have been detected in
this manner, particularly durigg their more advanced
stages, it has been found that a failurdlito detect an ab-
normal EKG signal has not been an altogether reliable
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indication of a normal and healthy heart. More par-
ticularly, it has been found that some forms of disorders,
especially during their early stages, produce abnormal
EKG signals at only random and infrequent intervals
and/or only when the patient is engaged in certain forms
of activities. Accordingly, in order to obtain a record
of such abnormal EKG signals, it is necessary to make
recordings that extend over long periods of time. This,
in turn, results in an accumulation of such large volumes
of data that it has been impractical to spend the prohibi-
tive amounts of time required for carefully reviewing the
recordings. In addition to being an inefficient use of
the time of a highly skilled person, it is extremely diffi-
cult, if not impossible, for an operator to manually
examine the large volume of data and accurately identify
random and infrequent abnormalities of transient and
dynamic nature. It may thus be seen that although
electrocardiographs have been very valuable, they have
not been entirely satisfactory as they are subject to
numerous operating difficulties that have limited their
usefulness, particularly in routine checkups for detecting
ailments during their early stages.

It is now proposed to provide electrocardiographic
means that overcome the foregoing difficulties. More
particularly, it is proposed to provide electrocardiographic
means that will permit large volumes of EKG signals to

. be accumulated from' a patient over an extended period

of time and will then automatically process said signals.
This will not only reduce the amount of time required
for analyzing the signal, but will also imsure detecting
and identifying of abnormal beats of certain types which
may have occurred during an extended recording period.
If any abnormal beats have been automatically detected
and located, the cardiologist may concentrate his entire
attention on such beats, thereby making a more efficient
use of his skills. This is to be accomplished by provid-
ing electrocardiographic means having a computer that
will process the LKG signal and will be effective to
identify certain preselected characteristics or abnormali-
ties in the EKG signal and to indicate the occurrence of
such signal.

More particularly, it is an object of the present inven-
tion to provide electrocardiographic means that will be
effective to sense the heart rate and to continuously in-
dicate the rate at which the heart is beating.

It is also an Object to provide elcctrocardiographic
means which will be effective to sense the occurrence of
ventricular ectopic beats that produce abnormalities in
the QRS complex portion of the EKG signal.

It is a further object to provide electrocardiographic
means which will be effective to sense and indicate the
amount of depression of the ST segment.

These and other features, advantages and objects of
the present invention will become readily apparent from
the following detailed description of one form of the
present invention, particularly when taken in connection
with the accompanying drawings wherein like reference
numerals refer to like parts, and wherein:

FIGURE 1 is a block diagram of an electrocardio-
graphic means embodying one form of the present in-
vention;

FIGURE 2 is a block diagram of a portion of the elec-
trocardiographic means for indicating the rate of the
pulse beat;

FIGURE 3 is a block diagram of a portion of the
electrocardiographic means for identifying ectopic beats;

FIGURE 4 is a series of waveforms present in various
portions of the block diagram of FIGURE 3 during vari-
ous types of operating conditions;

FIGURE 5 is a block diagram of a portion of the
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output from the “AND” gate 92 and the counter 98 will
not register any counts. However, since the square wave
on the input 104 to the “NOT” gate 109 will have termi-
nated prior to the occurrence of the positive pulse, a pulse
will occur in the output of the “NOT” gate 100. This
pulse will then be effective to actuate the counter 196
and record the occurrence of an ectopic beat.

In the event that the EKG signal is of the variety typi-
fied by the third example in line A, the output signal
from the filter-amplifier 70 will be a negative pulse such
as shown in the third example of line B. This pulse will
be ineffective to actuate the Schmitt trigger circuit 76
and, as may be seen by the third example in lines C
through H, inclusive, there will be no signals flowing in
the second branch and the counter 98 will not be actuated.
However, the negative pulse at point “B” will pass through
the diode 108 and inverter 110 where it will be inverted
into a positive pulse. This positive pulse will be applied
to the multivibrator 105 and cause it to produce a pulse
that will be fed to the input of the counter 106 so as to
actuate the counter and cause it to record a count indi-
cating the occurrence of an ectopic beat.

The ST segment depression section 40 of the com-
puter 12 may be provided for detecting and indicating
the amount of depression of the ST segment of the EKG
signal. This section 40 is shown in block form in FIG-
URE 5 and the waveforms present in various portions
thereof are shown in FIGURE 6.

This section 40 includes a first portion 120 that is

effective to sample the EKG signal during the ST segment,

a second portion 122 that is effective to sample the iso-
electric portion of the EKG signal between the P and Q
waves preceding the ST segment, and a third portion 124
that is effective to compare the difference between the
potentials of the two samples provided by the portions
120 and 122.

The first portion 120 includes an input 126 that may
be operatively interconnected with a source of an EKG
signal. For example, the input 126 may be connected
directly with the output of frequency demodulator 28 so
as to receive an EKG signal therefrom substantially
identical to the original EKG signal but amplified there-
from. The input 126 is divided into a first branch 128
and a second branch 130. he first branch 128 in the
present instance includes nplifier 132 that has the
cutput thereof connected apply line 134 that will
carry the EKG signal thereoni. The amplifier 132 may
be effective to invert the polarity of the EKG signal so
that the QRS complex of the signal on the supply line
134 will normally be positive. In the event the EKG
signal is received as a positive signal, the inverter 132
may, of course, be eliminated. The EKG signal on the
supply line 134 will correspond to the examples in line A
of FIGURE 6. As previously stated, the first example
is a substantially normal EKG signal and the potential
of the isoelectric portion between the P and Q waves will
be substantially identical to the potential of the ST seg-
ment following the “J” point. The second_example of
line A corresponds to an abnormal signal having so-called
ST segment depression. More particularly, it will be
noted that the potential of the ST segment and particu-
larly the portion following the “J” point is substantially
more negative than the isoelectric portion between the P
and Q waves. The supply line 134 is interconnected
with a suitable bufling or isolating means such as a
cathode follower 136 so as to supply the EKG signal
thereto.  This cathode follower 136 will provide a low
impedance source for charging the sample capacitors
and also be effective to isolate the supply line 134 from
subsequent stages so that the EKG signal present on the
line 134 will be free from any disturbances or distortions.

The output from the cathode follower 136 is connccted
to a fixed contact 138 in a three-pole, double-throw switch
140. The movable contact 142 for engaging the fixed
contact 138 is connected to one side 144 of a capacitor
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146. It may thus be seen that since the EKG signal
will be present on the contact 138, by actuating the
switch 140 so that the contact 142 engages the contact
138 only during the ST segment, only the potential dur-
ing this segment will be applicd to the sidc 144 of the
condenser 146. Thus, the charge on the side 144 will
have a potential equal to the potential of the ST segment.

The second branch 130, which is effective to actuate
this switch 140 during the ST segment, includes an ampli-
fier 148 that includes filtering or differentiating means
effective to separate the S wave from the EKG signal and
to amplify the wave to a more useful level. The output
of the amplifier 148 will thus be a negative wave similar
to the S wave substantially as shown in line J of FIG-
URE 6.

The output from the filter-amplifier 148 is, in turn,
connected with an input to a Schmitt trigger circuit 150.
This circuit 150 is responsive to the amplitude or poten-
tial of the signal on the input thereof. In the present
instance, this circuit 150 is set such that the potential on
the output thereof will normally be zcro. However,
whenever the potential on the input excecds a level equal
to approximatcly one-half of the amplitude of the S
wave from the filter-amplifier, the circuit will switch its
state and the potential of the output will be high. As a
consequence, the output signal from the Schmitt trigger
circuit 150 will be similar to line K of FIGURE 6. This

signal consists of a series of squarewaves or positive -

pulses substantially coincident with the S waves and of
substantially identicél“d&fagion.

The output from the Schmitt trigger circuit 150 is in-
terconnected with the inp':l?ib an astable flip-flop or one-
shot muitivibrator 152, /This multivibrator 152 will be
effective to normally have a zero potential on the output
thereof. However, when an appropriate signal is applied
to the input thereof, the multivibrator 152 will change its
state for a predetermined period of time and then return
to its original state. In the present instance, the multi-
vibrator 152 is effective to switch its state substantially
coincident with the trailing cdge or the termination of the
pulse from the Schmitt trigger circuit 150. As a result,
the signal on the output from the multivibrator 152 will
correspond to line L of FIGURE 6. More particularly,
the signal will include a pulse each time there is a pulse
from the Schmitt trigger circuit 150. As a result, the sig-
nal on the output from the multivibrator 152 will corre-
spend to line L of FIGURE 6. More particularly, the
signal will include a pulse each time there is a pulse from
the Schmitt trigger circuit 150. However, these. pulses
will commence when the pulses from the trigger” circuit
150 terminate and, as a consequence, the trailing edge
thereof will be displaced from the trailing edge of the S
wave by the time duration of the pulse. The duration of
this pulse may be on the order of about 0.011 to 0.017
second or such other period of time as will cause it to
occur sometime immediately following the “J” point.

The output from the multivibrator 152 is in turn inter-
connected with a second multivibrator 154. This multi-
vibrator 154 may be similar to the preceding one and is
effective to switch its state in response to the trailing
edge of the pulse from the multivibrator 152. The output
signal from this multivibrator 154 which corresponds to
line M of FIGURE 6 will be a series of square waves or
pulses. By adjusting the duration of the pulse from the
multivibrator 152, the time at which the pulse occurs may
be made coincident with any portion of the ST segment
and particularly during the portion thercof when it is
desired to sample it.

The output of the multivibrator 154 is_interconnected
with the input to a relay driver 156, The driver 156 en-
ergizes a relay coil 157 foar actuating the armature in®a
relay that operates the switch 140, Normally the mov-
able contact 142 will be retained against the fixed contact
158. Thus, the side 144 of the capacitance will be iso-
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lated from the source of the EKG signal. While the pulse
from the multivibrator 154 is applied to the driver 156,
the coil 157 will be energized and the movable contact
142 will be held against the fixed contact 138 to thereby
interconnect the side 144 with the cathode follower 136.

It may thus be seen that once during each EKG cycle,
the S wave frcm the filler-amplifier 148 will cause the
Schmitt trigger circuit 150 to produce a pulse that will
result in the multivibrators 152 and 154 providing pulses
that will be effective to cause the relay driver 156 to mo-
mentarily actuate the switch contact 142" By adjusting
the durations of the pulses from the muitivibrator 152,
the closing of the contacts 138 and 142 may be delayed
until afted the “J” point so as to insure an occurrence of
a suitable portion of the ST segment for sampling. By
adjusting the durations of the pulses from the multivibra-
tor 154, the closing of the contacts 138 and 142 will only
be long enough to obtain the desired sample. According-
ly, once during each cycle, the side 144 of condenser 146
will have a potential applied thereto that is identical to the
EKG signal during the ST segment. ‘As a result, the po-
tential on the side 144 which corresponds to line N of
FIGURE 6 will be proportional to the average potential
during the ST segment.

“The second porticn 122 includes an input conductor :

169 that is interconnected with the supply line 134 and
an output conductor 162 that is effective to supply a sig-
nal proportional to the isoelectric portion between the
P and Q waves. The occurrence of the isoelectric portion
may be sensed by any suitable means. However, as a re-
sult of the wide variations in the configurations of the
EKG signals and the variations in the rhythm thereof, it
has been found that the most effective means for deter-
mining the time to sample the isoelectric portion is to cor-
relate the sampling with the commencement of the QRS
complex immediately following the termination of the iso-
electric period.

In the present instance, this is:accomplished By means
of a free-running multivibrator 164 set to continuously
oscillate at a fixed frequency and having differentiating
means to produce a pulse train similar to line B of FIG-
URE 6. In the present instance, this pulse train consists
of a series of negative pulses or “spikes.” The interval of
time between these pulses may vary through a consider-
able range but is primarily ¢ endent upon the configura-
tion of the EKG signal. wever, it has been found
that for most applications, the timing may be on the order
of about 0.035 second.

The output from the multivibrator 164 may be inter-

connected wtih one input 168 to a bistable multivibrator °

165 so as to supply the negative pulses thereto. Since this
aultivibrator 166 is bistable, it will remain in either state
until a negative triggering pulse occurs on the input there-
of. Thus, the signal on the output 170 from one side of
the multivibrator 166 will be a squarewave substantially
the same as in line D of FIGURE 6. Since the multi-
vibrator 166 changes states each time a pulse occurs the
frequency of the squarewave will be one-half of the fre-
quency of the pulse train from the multivibrator 164. A
second output 172 from the opposite side of the multivi-
brator will also have a squarewave signal thereon similar
to line E of FIGURE 6. This squarewave will be of the
same frequency as the squarewave in line D but.will be
180° out of phase therewith. L
The multivibrator 166 may also include a second input
174. When there is no signal present on the input 174,
the signals at the input 168 will contiol the multivibrator
166 and cause it to switch back and forth as described
above. However, if a signal is present on input 174, it
will -be effective to prevent any further switching of the
multivibrator 166 even though there are signals present
on input 168. Thus, a signal on the input 174 will retain
the maltivibrator in whichever state it is in at the time that
the input signal occurs. .
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The input 174 is connected to a one-shot multivibrator
176 effective to produce an output pulse of a fixed pre-
determined time duration each time a signal is applied to
the input 178. The input 178 may be interconnected with
a source of a signal that will be indicative of the com-
mencement of the QRS complex. By way of example,
the input 178 may be connected to point D in FIGURE
3 so as to receive a pulse each time the R wave occurs.
Each of these input pulses from point “D” of FIGURE 3
will be effective to cause the multivibrator 176 to switch
its state and produce a square wave output pulse such as
shown in line C of FIGURE 6. Preferably this pulse will
have a time duration that is long enough to extend from
the commencement of the QRS complex to the end of the
EKG signal, ie., beyond the T wave. Since this pulse
signal will be fed into the multivibrator 166 during the
interval beginning with the QRS complex to the end of
the EKG signal, the multivibrator 166 will remain fixed
in one state and one of the outputs, 170, will remain high
while the other output 172 will remain low.

The output 170 may be interconnected with a relay
driver 180 that will be effective to energize a relay coil
182 in response to the signal from output 170. The ar-
mature of the relay is connected to a movable contact 184
in a'switch 186 so as to move the contact 184 between the
fixed contacts 188 and 190. The movable contact 184
is connected to one side of a condenser 192 that has the
oprosite side thereof grounded. The first fixed contact
188 is connected to the memory or output 162 line, while
the other fixed contaet 190 is connected to a sample
line 194. M

The output 172 may be interconnected with a second
coil driver 195 that willb€"effective to energize a second
relay coil 196 in response to the signal from output 172,
The armature for this relay is connected to a movable
contact 1987in a switch 200 so as to move the contact
188 between the fixed contacts 204 and 206. The mov-
able contact 198 is connected to one side of a condenser

.208 that has the opposite side thereof connected to ground.

The fixed contact 266 is connected to the memory or out-
put line 162 while the fixed contact 204 is connected to
the sample line 194.

When the potential at the output 170 is high, the relay
driver 180 will be effective to energize the coil 182 and
move the contact 184 to contact 188 and connect the con-
denser 192 to the memory line 162. At the same time
the potential at output 172 will be low and the contact
198 will be against the contact 204 and connect the con-
denser 268 to the sample line 194. During the remaining
half cycle the potential at the output 170 will be low and
the condenser 192 will be connected to the sample line
194 while the potential at output 172 will be high and the
condenser 208 will be connected to memory line 162. As
a result, one of the condensers will always be connected
to the sample line 194, and one of the condensers will
always be connected to the memory line 162.

The opposite end of the sample line 194 is connected to
a movable contact 210 in the sample switch 212 for inter-
mittently connecting the sample line 194 with the input
line 160 to thereby provide periodic samples of the EKG
signal on the sample line 194. The opening and closing
of the switch 212 is controlled by a branch 213 that ex-
tends from the output of the multivibrator 166. More
particularly, the branch 213 includes a first diode 214 that
is connected to the output 170 and a second diode 216
that is connected to the output 172. Both of the diodes
214 and 216 are connected to the input of a one-shot
multivibrator 218 when they are differentiated. As a
result, a series of pulses similar to those in line F of
FIGURE 6 may be fed into the multivibrator 218. These
pulses will correspond to the switching of the multivibra-
tor 166 and will, therefore, have a frequency that is dou-
ble the frequency thercof.

The output of the multivibrator 218 is interconnected
with a differentiating circuit which includes a condenser
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220 and a resistor 222. As a consequence, the voltage
present across the resistor 222 will be a series of pulses
similar to the pulses of line G.

The resistor 222 ‘may be connected to the input of a
multivibrator 224 so that the multivibrator 224 will be

.actuated by positive pulses similar to those in line H of

FIGURE 6. The multivibrator 224 will be effective to
produce a square wave pulse of fixed duration each time
there is a pulse on the input. The output from the mul-
tivibrator 224 will thus correspond to line I of FIGURE 6.

It may thus be seen that the pulses of line I from the
multivibrator 224 will commence substantially coincident
with the trailing edges of the pulses in line G from the
multivibrator 218. Thus, the pulses from the multivi-
brator 224 will be delayed from the actuation of the
switches 186 and 200 by the duration of the pulses from
the multivibrator 218.

The output of the multivibrator 224 is connected to a
relay driver 226 which will be effective to energize the
coil 228. The coil 228 when energized will be effective
to actuate its armature so as to move the movable con-
tact 210 in the sample switch 212 against the fixed con-
tact. The closing of these contacts will be effective to
interconnect the sample line 194 with the supply line 134.
Thus, samples of the EKG signal will be periodically
supplied to the contacts 190 and 204.

It will thus be seen that in the absence of a disabling
signal from the multivibrator 176, the free-running multi-
vibrator 164 will be effective to cause the bistable multivi-
brator 166 to alternately energize and de-energize the
relay drivers 180 and 195 and actuate the switches 186 and
200 in synchronism but 180° out of phase with each other.
This will alternately interconnect first the condenser 192
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with the sample line 194 and the condenser 208 with

the memory line 162 and, secondly, the condenser 208
with the sample line 194 and the condenser 192 with the
memory line 162. The frequency of this switching action
will be controlled by the frequency of the multivibrator
164. Although,the interval between the pulses from the
multivibrator; 464 may be in a wide range for most EKG
signals, the iqitg;, al may be in a range on the order of
0.035 to 0.04 second. More particularly, the time interval
is preferably at least as short as the isoelectric portion be-
tween the P and Q waves but sufficiently long to permit
proper sampling of the EKG ¢ignal and charging of con-
densers 192 and 298.

Following the foregoing switching by a period corre-
sponding to the duration of the pulse from the multivi-
brator 218, the sampling switch 212 will close and con-
nect the contacts 190 and 204 with the supply line 134,
It may thus be seen that one of the condensers 198 or
208 will be connected to the supply line 134 so as to
acquire a charge having a potential corresponding to the
potential during the sampling period when the switch 218
is closed. The other condenser 192 or 208 will be con-
nected to the memory line 194 and will have a charge
thereon with a potential corresponding to the potential
of the EKG signal during the preceding sampling period
when the switch 218 was closed. It may thus be scen
that at any given instance, the charge applied to the
memory line 162 will have a potential corresponding to
the potential the~-EKG had approximately 0.035 second
previously, i.e., the interval between the pulses from the
multivibrator 164B, FIGURE 6.

Substantially coincident with the commencement of the
QRS complex, a pulse on the input 178 will cause the
one-shot multivibrator 176 to produce a pulse correspond-
ing to line C of FIGURE 6. This pulse will exist from
the beginning of the QRS complex to the end of the EKG
cycle and will be effective to disable the multivibrator 166.
This, in turn, will cause the switches 186 and 200 to re-
main stationary. Accordingly, q;lrihg this interval, one
of the condensers 192 or 208 will be connccted to the
memory line 162. Since the charge on the condenser
was acquired approximately on the order of 0.035 second
before the disabling of the multivibrator 166, the potential
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thereof will correspond to the potential of the isoelectric
portion between the P and Q waves.

In order to supply this isoelectric signal to the third
portion 124, the memory line 162 is connected to a fixed
contact 230 in the switch 140. A movable contact 232
is provided which is effective to engage the fixed contact
230 and is electrically connected to the input of a cathode
follower 234. The output of the cathode follower 234
is, in turn, interconnectcd with a fixed contact 236. A
movable contact 238 engages this contact so as to inter-
connect the output of the cathode follower 234 with the
side 240 of the condenser 146. It will thus be seen that
in the interval following the “J” peint when the switch
140 is actuated by the relay driver 156, the side 249 of the
condenser 146 will acquire a charge having a potential
corresponding to the isoelectric portion between the P
and Q waves. During the remaining portion of the cycle,
the movable contact 238 will be against the fixed contact
242. Thus, the side 240 of condenser 146 will be effective
to maintain the contact 242 at the isoelectric potential.

The third portiqn 124 includes a pair of conductors 244
and 246. The first conductor 244 has one end thereof
connected to the fixed contact 158 and the other end con-
nected to a cathode follower 248. Thus the potential on
the side 144 of the condenser 146 will be supplied to the
cathode follower 248 and therefore the potential at the
output of the follower will correspond to the potential of
the ST segment. The second conductor 246 has one end
connected to the coh%:t 242 and the other end connected
to the input of a catho llower 250. Thus the potential
on the side 240 of the condenser 146 will be applied to the
input of the follower and the¥efore the potential of the
isoelectric portion. The outputs from the two cathode
followers 248 and 250 may be interconnccted with any
suitable indicating means such as a paper tape recorder
or a vacuum tube voltmeter 252,

It may thus be seen that when the switch 140 is in the
position shown, the potential on the side 144 of the con-
denser 146, which corresponds to the potential during the
ST segment, will be fed through the follower 248 to one
side of the vacuum tube voltmeter. At the same time the
potential on the side 249 of the condenser 146 which
corresponds to the potential of the isoclectric portion
between the P and Q waves will be fed through the fol-
lower 250 to the other side of the vacuum tube voltmeter
252. Thus, the volimeter 252 will be effective to indicate
the difference between these two potentials or the differ-

ence between the ST segment and the isoclectric portion. .

It may thus be seen that if the scction 40 of the com-
puter 12 is employed to process EKG signals and to in-
dicate the amount of depression or elcvation of the ST
segment relative to the isoelectric portion between the P
and Q waves, the input 126 may be interconnected with
the frequency demodulator 28 so as to receive the EKG
signal therefrom. This EKG signal will pass through
the inverter 132 where it will be amplified and fed to the
conductor 134. This signal will then be simultancously
supplied to the sampling switch 212 and the cathode fol-
lower 136. At the same time, the free-running multi-
vibrator 164 will be producing a secries of pulses corre-
sponding to line B of FIGURE 6. These pulses will be
effective to trigger the bistable multivibrator 166 such
that the outputs 170 and 172 will have squarewave sig-
nals similar to those of lines’D and E. These squarewave
signals will be effective to actuate the relay drivers 180
and 195 so as to alternately move the contacts i84 and
198 of switches 186 and 200 between the memory line
162 and the sample line 194.

The actuation of switches 186 and 200 will be effective
to alternately interconnect the condensers 192 and 208
with the memory line 162 and the sample line 194. Fol-
lowing the actuation of the switches 186 and 200 by a
time interval equal to the duration of the pulse from
the multivibrator 218, the multivibrator 224 will excite
the relay driver 226 so as to close the sampling switch

ey
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212. This switch will remain closed long enough for tt
condenser 192 or 208 connected to the sample line 1¢
to acquire a charge having a potential equal to the pote
tial of the EKG signal during the sample period.

The actuation of the switches 186 and 200 will con-
tinue until a pulse indicating the commencement of the
R wave is applied to the input 178 of the one-shot multi-
vibrator 176. This multivibrator will produce a square-
wave on its output similar to line C, commencing substan-
tially coincident with the R wave and continuing until
subsequent to the T wave. When this pulse exists, it wil.
block the bistable multivibrator 166. As a consequence,
during this interval, the actuation of switches 186 and 200
will cease and one of the condensers 192 or 208 will be -
connected to the sample line 194 while the other con-
denser will remain connected to the memory line 162.

The condenser connected to the sampling line 194ﬂ
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automatically with little or no human assistance. Al-
though only a single embodiment has been illustrated it
will be readily apparent to pcrsons skilled in the art that
numerous changcs and modifications may be made thereto
without departing from the invention. For example if
desired means may be included with the various indicat-
ing meters for producing a permanent record such as an
ink line on a paper tapc. Also the various time con-
stants and other characteristics of the system may be modi-
fied whereby the tape may be played back at an ac-
celerated rate and the EKG may be processed in a much
shorter interval of time. Accordingly, the foregoing dis-
closure is for illustrative purposes only and does not limit
the invention which is defined only by the claims that

15 follow.

I claim:
f 1. In a device of the class described for receiving elec-

will have a charge with a potential equal to the potential ?Z’trocardiac signals wherein said signals will normally

of the EKG signal at the time the R wave commences.

have a QRS complex preceded by a reference portion and

However, the other condenser which will be connected 20 followed by an ST segment, the combination of:

to the memory line will have a charge thereon with a
potential corresponding to the potential of the EKG
signal during the preceding sample interval. This sample
interval will precede the commencement of the R wave
and will supply a potential to the memory line 162 pro-
portional to the potential of the isoelectric referénce por-
tion. ;

In addition, the EKG signal will be supplied to the am-
plifier 148 so as to produce a pulse at point J correspond-
ing to the S wave. This pulse will be effective to actuate
the Schmitt trigger circuit 159, the one-shot multivibrator
154, and the relay driver 156 so as to actuate the switch
140. As may be seen from the waveforms present in
lines J, K, L and M of FIGURE 6, the delays produced

by the Schmitt trigger 150 and one-shot multivibrator will 3

be effective to cause the switch 140 to bc actuated during
the ST segment sometime following the occurrence of
the J point.

When the switch 140 is actuated, the contact 232 will

pickup means for receiving the electrocardiac signal,
first sampling means interconnected with said pick-
up means and effective to sample said electrocardiac
signal during said reference portion to provide a

5 first sample signal corresponding to the potential of

said electrocardiac signal during said reference por-
tion,

second sampling means interconnected with said pick-
up means an ective to sample said electrocardiac

30 signal during said“8T segment to provide a second

sample signal correspoending to the potential of said
electrocardiac signal during said ST segment, and
means operatively intercohnected with said first and

second sampling s, said last means being re-

5 sponsive to said first ‘and second sample signals for

comparing said signals and indicating the difference
therebetween.

2. In a device of the class described for receiving elec-

trocardiac signals wherein said signals normally have a

be moved against the contact 230 so as to cause the iso- 49 QRS complex preceded within a predetermined time in-

electric reference potential on memory line 162 to be fed
to the cathode follower 234, to the contacts 236 and 238
and to the side 240 of the condenser 146. At the same
time, the EKG signal on the line 134 will pass through the

cathode follower 136 and contacts 138 and 142 so as to 4

apply the potential of the EKG signal on the line 134
will pass through the cathode follower 136 and contacts
138 and 142 so as to apply the potential of the EKG
signal during the ST segment to the side 144 of the con-

terval by an isoelectric reference portion and followed
by an ST segment, the combination of:

pickup means for receiving said electrocardiac signals,

first sampling means interconnected with said pick-

5 up means and effective to periodically sample the

potential of said signal for intervals that are short-
er than the duration of said isoelectric reference por-
tion to provide a series of reference sample signals,
said first sample means being effective to retain the

denser 146. It will thus be seen that the potential dif- 50 sample obtained during said reference portion,

ference between the charges on the opposite sides 144 and

" 240 of the condenser 146 will correspond to the difference

between the isoelectric reference portion and the ST seg-
ment. After the termination of the pulse from the multi-

vibrator, the switch 140 will return to the position shown 9

in FIGURE 5 so as to connect the opposite sides of the
condenser 146 with the cathode followers 248 and 250.
As a consequence, the potentials of the charges on the
opposite sides of the condenser will be fed to the meter

timing means interconnected with the pickup means
and the first sampling means, said timing means be-
ing responsive to the QRS complex and effective to
cause said sampling means to retain the sample sig-

) nal obtained within said predetermined time interval,

second sampling means effective to sample the poten-
tials of said signal during said ST segment and pro-
vide an ST sample' signal, and

meansoperatively interconnected with said first and

252, Thus, the meter 252 will be eflfective to indicate 60 second sampling means for comparing said retained

the difference between these potentials.

In the event the EKG signal is substantially normal,
the difference between the charges on the condenser 146
will be substantially zero as shown in the first example

sample signal and the ST sample signal and indicat-
ing the difference therebetween.

o 1//3 In a device of the class described for receiving elec-

7

trocardiac signals wherein said electrocardiac signals

of line N of FIGURE 6. Under these circumstances, 65 normally have a reference portion and an ST segment, the

the meter 252 will indicate zero or no ST segment depres-
sion. However, in the event the EKG is not normal, i.e.,
has ST segment depression, the EKG signal will corre-
spond to the seccond example in line A of FIGURE 6

combination of:
pickup means for receiving said electrocardiac signals,
first sampling means interconnected with said pick-
up means and effective to periodically sample the po-

and the potential difference aefoss’ the condenser 146 70 tential of said electrocardiac signal at intervals that

will correspond to the second example in line N. Under
these circumstances, the meter will be efective to indicate
the amount of the ST depression.

1t may thus be seen that means have been provided

arc shorter than said reference portion to -provide
a sample signal,

storage mecans intecrconnected with said first sampling
means and effeclive to disable said first sampling

for processing large volumes of electrocardiac signals 75 means from further sampling so as to retain the sam-
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ple signal made during the reference portion, sec-
ond sampling mcans interconnected with said pick-
up means and eflective to sample said electrocardiac
signal during the ST segment to provide a second
sample signal, and
means interconnected with said first and second sam-
pling means for comparing said retained samples
to thereby indicate the difference between the poten-
tials of said electrocardiac signal during said ST
segment and said reference portion.
{ 4. In a device of the class described for receiving elec-
trocardiac signals wherein said electrocardiac signals in-
clude a reference portion and an ST segment, the com-
bination of:

a pickup for receiving the electrocardiac signals, sam-
pling means interconnected with said pickup and
effective to periodically sample said electrocardiac
signal at intervals that are shorter than the duration
of said reference portion,

storage means interconnected with the sampling means
for retaining at least one of said samples,

means interconnected with the sampling and storage
means and effective to disable said first means from
further sampling and cause said storage means to

¢

retain a sample corresponding to the reference por- 2:

tion, and

means for comparing the potential of said stored sam-
ple with the potential of said electrocardiac signal
during said ST segment.

3 7 5. In a device of the class described for receiving elec-
trocardiac signals wherein said electrocardiac signals in-
clude a QRS complex preceded by a reference portion
and followed by an ST segment, the combination of:

a pickup for receiving the electrocardiac signals,
sampling means interconnected with the pickup for
periodically sampling said electrocardiac signals for
intervals that are at least as short as the duration of
said reference portion,

timing means interconnected with the pickup and re-

sponsive to the occurrence of said QRS complex, A

said timing means being connected to the sampling
means and effective to disable said sampling means
from further sampling and to cause a sample cor-
responding to said reference portion to be stored,
and ’

means for comparing s stored samples with said
electrocardiac signal during said ST segment.

6. In a device of the class described for receiving elec-
trocardiac signals wherein said electrocardiac signals in-
clude a QRS complex preceded by a reference portion and
followed by an ST segment, the combination of:

a pickup for receiving the electrocardiac signals, means
interconnected with said pickup for periodically
sampling said electrocardiac signals for intervals that
are at least as short as the duration of said reference
portion,

storage means interconnected with said first means for
storing said samples for predetermined intervals of
time,

means responsive to the occurrence of said QRS com-
plex and effective to disable said sampling means to
thereby cause said storage means to retain a sample
corresponding to said reference portion, and

means for comparing said retained sample with ‘said
? electrocardiac signal during said ST segment,

2 “’f 7. In a device of the class described for receiving an
electrocardiac signal wherein said electrocardiac signal in-
cludes a QRS complex preceded by a reference portion
and followed by an ST segment, the combination of:

a pickup for receiving the electrocardiac sigmals; means
interconnected with said pickup and including at least
One capacitance, means effective to periodically in-
terconncct the capacitance with the piekup to sample
said signal for causing said capacitance to store a

;Q’
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series of charges having potentials corresponding to
the potential of said signal during successive sampling

periods, i
means responsive to the occurrence of said QRS com-
5 plex and effective to disable said first means and

cause said capacitance to retain the charge obtained
during said reference portion, and
means for comparing the potential of said ST segment
with the potential of said retained charge on said
10 capacitance.

&08. In a device of the class described for receiving an
electrocardiac signal wherein said electrocardiac signal
normally includes a P wave, a QRS complex and an ST
segment, the combination of:

a capacitance for storing a charge thereon,

means for periodically operatively interconnecting said

capacitance with said source for periods at least as
short as the interval between said P wave and said
QRS complex such that said capacitance will retain a
charge proportional to said electrocardiac signal dur-
ing a sample period,

means responsive to the occurrence of said QRS com-

plex and effective to disable said first means such
that said capacitance will retain a charge thereon
corresponding to the interval between said P wave and
said QRS complex, and

means for comparing the ST scgment of said signal fol-

lowing said QRS complex with the charge stored on
said capacitances &
304/ 9. In a device of the 88 described for receiving an
electrocardiac signal wherein 8aid electrocardiac signal
normally includes a P wave, zi/pRS complex and an ST
scgment, the combination of: - ;
% means for periodically sampling said electrocardiac sig-
i ral, said means including at least one capacitance
for storing a charge having a potential proportional
to the potential of said signal during one of said
samples,
means responsive to said QRS complex and eflective to
disable said first means and to cause said capacitance
to hold said charge thereon,
a second capacitance,
means for periodically operatively interconnecting one
side of said second capacitance with said source dur-
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a9 ing said ST segments and for periodically operatively

interconnecting the opposite side of said second ca-
pacitance with said first capacitance, and

means for indicating the difference between the poten-

50 tials on the opposite sides of said second capacitance.

42.10. In a device of the class described for receiving an
electrocardiac signal wherein said electrocardiac signal
normally includes a P wave, a QRS complex and an ST
segment, the combination of:

a pair -of capacitances, means for alternately intercon-
necting said capacitances with said source for peri-
odically sampling said ‘electrocardiac signal for peri-
ods that are at least as short as the interval between
said P. wave and said ;@RS complex,

means responsive to said QRS complex and effective to
disable said first means and to cause at least one of
said capacitances to retain a charge having a potential
corresponding to the potential of said EKG signal
during said interval,

means for periodically sampling said electrocardiac sig-

. mal during said ST segment, said means including at

. least one capacitance for storing a charge with a po-
tential on onc side proportional to the potential of
said sample during said ST segment and a potential
on the other side proportional to the potential of said
retained charge, and

means for indicating the potential difference across said
last capacitance.

5 11 In a device of the class described for processing

55
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an electrocardiac signal having a P wave, a QRS complex
and an ST segment, the combination of:

means for periodically sampling the potential of said

electrocardiac signal,

storage m=ans operatively interconnected with said first

means and effective for retaining the last two samples,
means responsive to the occurrence of said QRS com-
plex and effective to disable said first means to retain
the last pair of samples in said sotrage means, and
means for comparing the penultimate sample with said
electrocardiac signal during said ST segment.
¢ 12. In a device of the class described for processing an
electrocardiac signal having a P wave, a-QRS complex
and an ST segment, the combination of:
means for periodically sampling said electrocardiac sig-
nal at intervals shorter than the interval between the
end of said P wave and said QRS complex and for
storing at least the last two of said samples,

means operatively interconnected with said first means

and responsive to the beginning of said QRS complex
and effective to disable said first mear and to retain
at least the penultimate sample,

means responsive to the ending of said Q. complex

for sampling said electrocardiac signal during a pre-
determined interval after said ending, and

means for comparing the penultimate retained sample

with said sample following said QRS complex.
¢ <" 13. In a device of the class described for processing an
electrocardiac signal having a P wave, a a QRS complex
and an ST segment, the combination of:

sampling mzans for periodically sampling said electro-

cardiac signal at intervals shorter than the interval
between the end of said P wave and said QRS com-
plex and for retaining at least the last two of said
samples,

means interconnected with said first means and respon-

sive to said QRS complex and effective ito disable
said first means and to retain at least the penultimate
sample,

second sample means responsive to the termination of

said QRS complex and effective to sample said elec-
trocardiac signal in a predetermined interval there-
after,

a capacitance, and

means for interconnecting said capacitance with said

sampling means to acquire a charge having a poten-
tial on one side corresponding to the potential of the
penultimate of said retained samples and a potential
on the other side corresponding to the potential of
the sample following said QRS complex.

14. In a device of the class described for receiving an
electrocardiac signal wherein said signal includes a P
wave, a QRS complex and an ST segment, the combina-
tion of:

first sampling means for being operatively intercon-

nected with said source to periodically sample said
electrocardiac signal at intervals that are at least as
short as the interval between the end of said P wave
and the beginning of said QRS complex, said means
including a pair of condensers for alternately storing
charges having potentials proportional to the poten-
tial of said signal during said sampling intervals.
means interconnected with said first means and respon-
sive to said QRS complex and effective to disable
said means so that one of said condensers will retain
a charge corresponding to the penultimate sample,
second sampling mcans responsive to the termination

of said QRS complex for samplin® said smml during "

said ST segment, 4 -
a capacitance, and
means for interconnecting one side of szud Tust capaci-
tance with said first sampling means ‘and the other
side with said sccond sampling means.
7 15. Means for indicating the rate at which electro-

fth 4 cardiac signals are occurring wherein said electrocardiac

22

signals include a portion that has an amplitude greater
han the remaining portions of said signal, said means
omprising the combination of:
pickup means for receiving the electrocardiac signals,
5 second means interconnected with the pickup means
and responsive to said portion having the greater
amplitude in said signal, the second means being
effective to provide a pulse having a predetermined
amplitude, and
third means operatively interconnected with said second
means and responsive to said pulse for indicating the
rate at which said pulses are occurring, the third
means having a time constant that is long compared
to the periods of the electrocardiac smmls
15 ¥¥16. In a device of the class described for recelvmgg
electrocardiac 51gnals wherein said signals include P, Q,
R, S and T waves‘for indicating the rate at which said

10

signals occur, the combination of: e

pickup means for receiving the electrocardiac signals,
o9 filter means interconnected with said pickup means
and effective to suppress said P, Q, S and T waves
and to leave substantially only said R wave,
means operatively interconnected with said filter means
and responsivc to the occurrence of said R waves to
23 provide an output signal having a predetermined
amplitude cach time an R wave occurs,
a condenser operatively interconnected with the last
means for accumulating a charge having an ampli-
~ 1de substan q& equal to the amplitude of said
30 output signal edch time an output signal occurs, a
resistor interconnect with said condenser and effec-
tive to let said charge fssnpatc at a predstermined
rate, said condenser an%resntor having a long time
constant compared to the period of sald electrocar-
33 diac signals, and -
meter means operatively mterconnected with said re-
sistor for indicating the rateﬁat which the charge
present on the condenser is discharging.
‘;/ 17. In a device of the class described for receiving
40 electrocardiac signals wherein each signal has a plurality
of portions that are below a predetermined level and an
R wave that is above the level, the combination of:
pickup means for receiving said electrocardiac signals,
signal means connected to said pickup means and re-
45 sponsive to the amplitude of said signal, said signal
means being effective to generatc a first pulse sub-
stantially coincident with the instant the amplitude
of said R wave increases above said level and to
generate a second pulse substantially coincident with
50 the instant the amplitude of said R wave decreases
below said level,
timing means interconnected with said signal means
and responsive to said first and second pulses, said
timing means being effective to provide an output
55 sxgnal only when thc time interval between said pulses
is greater than a predetermined amount, and
indicating means interconnected with the timing means
and responsive to, said output to provide an indica-
tion only when anjoutput signal occurs.
605 18. In'a device of thei class described for recciving
electrocardiac signals wherein each of said signals include
a plurality of different portions and an R wave with an
amplitude greater than a predetermined level that is
greater than the remaining portions, the combination of:
G5 pickup means for receiving said electrocardiac signals,
pulse means interconnected with said pickup means and
being respondi¥e. to the amplitude of said signal, said
means being“effective. to generate a duration pulse
only during the intérval the amplitude of said signal
70 increases beyond the predetermined level,
timing means interconnectcd with the pulse means and
responsive to the beginning of the duration pulses,
said timing means being effective to produce a time
pulse that persists for a predetermined interval from
75 the beginning of the duration pulse, and

we
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electrocardiographic means for measuring the ST scgment
depression; and

FIGURE 6 is a series of waveforms present in various
portions of the block diagram of FIGURE 5.

Referring to the drawings in more detail, the present
invention is embodied in electrocardiographic means 10
having a computer 12 therein for receiving and process-
ing the electrocardiac or EKG signals. These EKG sig-
nals may be obtained by any svitable means such as by
placing a pair of electrodes on the external surface of a
person’s chest in the standard lead positions. Although
the various characteristics of EKG signals obtained in
this manner may vary throughout a wide range, as a gen-
eral rule in a normal or healthy person the EKG signal will
have a waveform similar to the classical form shown in
the first example of line A of FIGURE 4, and the first
example of line A of FIGURE 6. This wave includes,
in the following sequence, 2 P wave of positive polarity,
a QRS complex consisting of a negative Q wave, a posi-
tive R wave and a negative S wave, and finally, a T wave
that is separated from the QRS complex by an ST seg-
ment. Although there may be several additional waves
present in a normal EKG signal, since they will have
little or no effect on the operation of the present inven-
tion, for purposes of simplicity the present descripticn
will be confined to waveforms of this general nature.

Normally, the EKG signals will occur periodically at
a frequency on the order of about 60 to SO beats per
minute, but under abnormal circumstances the pulse rate
may be very erratic and fall to zero or rise to a few
hundred beats per minute. The P wave is normally a
small, positive pulse ‘that corresponds to the initial im-
pulse that triggers the commencement of the heartbeat and
the resulting reflex expansions and contractions thereof.
Immediately following the P wave, there is a quiescent
portion of substantially uniform amplitude. Normally,
this portion will have a time duration on the order of
greater than 0.04 second and will have a constant or fixed
amplitude that may be used as an isoelectric signal. As
a result, the amplitude of this section may be employed
as a reference against which the remaining portions or
waves of the EKG signal may be measured.

At the conclusion of the isoclectric signal, the QRS
complex occurs. This complex precedes the ventricular
contraction producing the actual pumping action. The
complex commences with a so-called Q wave which is a
small negative pulse. The Q wave is succeeded by the
R wave, which is the most conspicuous portion of the
EKG signal. It comprises a positive pulse having an am-
plitude greater than any of the other waves present in
the EKG signal. Normally, the R wave will have the
appearance of a “spike” with a sharp rise and fall and
a relatively short duration. More particularly, it is be-
lieved that the maximum time duration will normally be
on the order of up to 0.03 to 0.04 second. However,
certain types of abnormalities such as premature. ven-
tricular beats result from an ectopic focus (or foci) of
depolarization in the ventricle and may result in an EKG
signal characterized by a distortion-of the*R wave and
particularly an increase thereof. For example, the ectopic
beat may correspond to the second example in line A of
FIGURE 4 whercin the R wave may last on the order
of at least 0.06 to 0.08 second or longer. 1In other forms
of premature ventricular beats such as in the third ex-

ample of line A of FIGURE 4, the R wave may ecven be .

inverted or of negative polarity.

Following the R wave the QRS complex terminates in
an S wave. The S wave may be similar to the Q wave
in that it is usually a small negative pulse.

Following the QRS complex, there will normally be
a T wave which is separated from the S wave by the so-
called ST segment. The amplitude of this segment will
normally be approximately equakito the iscclectric por-
tion between the termination of the P wave and the com-
mencement of the Q wave as in'the fifst examples of
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lines A in FIGURES 4 and 6. However, some forms of
abnormalities such as an ischemia (myocardial) may
cause the amplitude or level of the ST segment to be
substantially depressed or more negative than the iso-
electric portion, as in the second example in line A of
FIGURE 6 while some forms of abnormalitics such as
an infarction may cause the ST segment to be elevated.

The input to the electrocardiac means 10 preferably
includes an amplifier 14 that is effective to increase the
amplitude of the EKG signal to a more useful level.
The amplifier 14 may be connected directly with the pick-
up electrodes by one or more conductors. If desired,
it may be indirectly connected with the electrodes by
means of a telemetry system wherein a radio transmitter
is connected with the electrodes so as to radiate a signal
modulated with the EKG signal and a radio receiver re-
ceives the radiated signals and feeds them to the input
of the amplifier 14.

The amplifier 14 may be of any conventional design.
However, it must provide a uniform amount of gain over
an adequate bandwidth to effectively amplify all of the
components in the EKG signal without any distortions
thereof. The output signal from the amplifier 14 will
thus be a faithful reproduction of the EKG signal but
of increased amplitude. That is, the signal will be of
substantially identical shape to the original EKG signal.

Although' the output of the amplifier 14 may be fed
directly into the computer 12 for real time and concur-
rent processing thereof, it has been found desirable to
preserve a permanent record of the signal. This record
is preferably of a form that will permit the EKG signal
to be easily reproduced in cither real time or accelerated
time. In the present instance, a tape recorder 16 is pro-
vided for magnetically recording the signal on a mag-
netic tape. The tape recorder 16 is preferably of a con-
ventional and readily available variety. :

Since the EKG signals are of a low frequency and it

.is desirable to employ a conventional tape recorder 16,

it has been found desirable to provide a frequency modu-
lator 18 that will have a carrier frequency that will be
easily recordable on the magnetic tape. For example,
the carrier frequency may be on the order of 2,500 cycles
per'second. As a result, the frequency response of the
tape recorder 16 will be in a bandwidth including 2,500
cycles per second plus and minus the side band signals.

It has been found that, with a carrier frequency in
this range, the resultant frequency-modulated signal may
be recorded by means of a conventional tape recorder
without extensive modifications thereto and the very low
frequency components within the EKG signal will not
be lost.

The output of the frequency modulator 18 is inter-
connected with a switch mechanism such as a double
pole-double throw switch 20. One of the movable con-
tacts 22 is connected to the output of the modulator 18
and one of the fixed contacts 24 therefore is connected
with the input to the tape recorder 16. The fixed con-
tact 26 is connected to the input to a frequency dc-
modulator 28. The other movable contact is connected
to the output of the tape recorder 16 while the fixed con-
tact 32 associated therewith is connected to the input
of the frequency demodulator 28. It may thus be seen -
that if the switch 20 is in the position shown, a signal
modulated by the EKG signal may be directed from the
modulator 18 to the tape recorder 16 for recording on
a magnetic tape. At the same time, the frequency
modulated signal, as reproduced by the tape recorder 16,
may be fed into the demodulator 28. In the other posi-
tion the switch will be effective to feed the frequency
modulated signal directly from the modulator 18 to the
frequency demodulator 28.

It may thus be seen that the switch 20 will feed a
frequency modulated signal from either the frequency
modulator 18 or from the tape recorder 16 .into fre-
quency demodulator 28. The frequency demodulator 28

5
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may be of any suitable variety for demodulating the sig-
nal so as to recover the original EKG signal from the
frequency modulated signal. The output signal from the
demodulator 28 will thus be substantially identical to the
EKG signal originally obtained from the patient and fed
into the amplifier 14.

The output from the demodulator 28 may be inter-
connected with the input to the computer 12 so as to
supply the EKG signal to the various portions thereof.
Although the computer 12 may include a wide variety
of portions for accomplishing a wide variety of objec-
tives, the present computer 12 includes a pulse rate sec-
tion 36, an ectopic beat section 38, an ST segment de-
pression section 40.

The pulse rate section 36 which is shown in block form
in FIGURE 2, has an input which is adapted to be inter-
connected with the output of the frequency demodulator
28 so as to receive the EKG signal therefrom. The input
may include a filter-amplifier 46 through which the EKG
signal will pass. This filter-amplifier 46 which may be
of substantially conventional-design is effective to filter
out or suppress the P, Q, S and T waves. Thus the out-
put from the filter-amplifier 46 will be a pulse corre-
sponding to an amplification of the R wave. Accordingly,
there will be a pulse from the filter-amplifier 46 each and

every time that an R wave occurs so that these pulses.

will have the same frequency or rate as the EKG signal.

The output from the filter-amplifier 46 may be inter-
connected with the input to a circuit such as an astable
multivibrator circuit 50. This multivibrator circuit 50 is
responsive to the amplitude of the signal on the input
\whereby the potential on the output will be low when
the input is low. However, each time the potential on
the input rises above a predetermined level, the multi-

vibrator 50 will change its state so that the potential of 5

the output will be high. The duration of this condition
will be a predetermined time interval. As a conse-
quence, the output from the multivibrator 50 will be a
series of squarewave pulses that have constant ampli-
tudes and constant time durations. The frequency of
these pulses will be identical to the frequency of the
EKG signal and the duration of the pulses is preferably
a small fraction of the period between the R waves.
The output from the multivibrator 50 is interconnected

with a resistor 51 and condenser 53 so that the pulse will °

be applied thereto. A suitable meter such as a vacuum
tube voltmeter 54 may be interconnected across the re-
sistor 51 to indicate the voltage drop across the re-
sistor 51.

When the output from the multivibrator 50 is high,
the condenser 53 will acquire a charge having a potential
corresponding to the potential of the pulsz from the
multivibrator 50. The time constant of this charging
circuit is preferably short enough for the condenser to
become fully charged during the pulses of the multivi-
brator whereby the charge on the condenser 53 will have
substantially the same amplitude as the pulse.. At the
terminations of the pulses from the multivibrator 50, the
condenser 53 will discharge through the resistor 51. The
capacitance of the condenser 53 and the resistance of the
resistor 51 are sufficiently large to produce a time con-
stant longer than the period between the successive pulses
from the multivibrator 50. As a consequence, the extent
to which the condenser 53 may discharge will be a func-
tion of the time interval between the pulses from the
multivibrator 50. The condenser 53 and resistor 51
may be considered as a reactance divider. As the fre-
quency goes up, the reactance of the condenser will de-
crease and the drop across the resistor 51 will increase.
Thus, the voltage across the resistor 51 will be a function
of the frequency of the pulses.

Since the voltmeter 54 will be effective to indicate the
amplitude of the voltage across the resistor 51, the volt-
meter 54 may be calibrated totindicate the frequency or
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pulse rate of the EKG signal. Preferably, the voltmeter
54 and the circuitry associated therewith have a relatively
long time constant so that the meter 54 will produce a
reading proportional to the average of the pulse rate.
The interval over which the averaging occurs may be of
several seconds duration, for example 5 or 10 seconds.
As a result, even if the pulse rate is erratic and irregular,
the reading on the voltmeter will be relatively steady or
vary at a slow rate but will continuously indicate the
average of the pulse rate during the preceding interval of
5 or 10 seconds.

The ectopic beat section 38 of the computer 12 may be
provided for detecting and indicating the occurrence of
premature ventricular contractions producing ectopic
beats wherein the configuration of the R wave is ma-
terially different from the normal configuration. This
section is shown in block form in FIGURE 3 and wave-
forms present in various portions thereof are shown in
the second column of FIGURE 4. The input to this sec-
tion 38 includes a combination filter-amplifier 70. Since
this filter-amplifier 70 is in effect connected directly to the
output of the frequency demodulator 28, the signal sup-
plied thereto will be the electrocardiac or EKG signal. An
EKG signal from a normal healthy heart will be similar

to the first waveform in line A of FIGURE 4, and, as pre-

viously described, will include a P wave followed by a
QRS complex and a T wave.

In a normal EKG signal the QRS complex will begin
with a small negative Q wave of short duration and will
terminate in a small nqgatlve S wave of short duration.
In between these negative waves the R wave occurs.
This is a posm,yc pulse havmg an amplitude that is Jarger
than the remaining waves in the EKG signal. Although
the time duration of the R wave varies over a consider-
able range in a normal or healthy heart, it apparently has
a maximum time duration on the order of about 0.04
second.

In the event of a premature ventricular contraction,
the EKG signal may include an ectopic beat similar to
the second waveform in line A of FIGURE 4 similar to
the third waveform in line A of FIGURE 4. In both
forms of ectopic beats, the QRS complex and particular-
ly the configuration of the R wave thercin are greatly
altered from the normal configuration of the R wave.
More particularly, in the form of ectopic beat as illus-
trated by the second waveform in line A, the R wave is
a positive pulse, but the time duration thereof is much
longer than the normal R wave. Although the time
duration of such an R wave may vary over an extended
range, it is believed that the time duration is on the
order of at least 0.06 second.

In the form of ectopic beat illustrated by the third
waveform in line A, not only is the time duration of the
R wave increased as described above but, more impor-
tantly, it is of negative polarity.

The ﬁlter-amplxﬁer 70 forming the input to the section
38 may be of essentially standard or conventional de-
sign so as to be effective to increase the amplitude of the
EKG sigal passing therethrough to a more useful level.
However, since the R wave is the portion that is of pri-

mary interest, the amplifier may include means for re-
moving the P, Q, S and T waves and any spurious noises
present in the signals. Although this may be accom-
plished by any suitable means, it has been found that a
b:\ndp 1ss filter having a pass band that includes the fre-
quencies of the R wave will be effective for suppressing
such waves and particularly the P and T waves. By way
of example, the pass band may extend from about 8
cycles per second to about 60 cycles per second.

Such a filter amplifier arrangement will not \Uppn\s or
materially alter the R wave but will substantially elimi-

nate the P, Q, S and T waves.  The waveforms {rom the
output from the filter-amplificr 70, i.c., at point “B,” arc
shown in line B of FIGURE 4. In the ¢vent the EKG
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signal under consideration is of thc normal variety, such
as typified by the first example in line A, the output signal
will be similar to the first waveform in line B. This sig-
nal will consist of a positive pulse closely resembling the
original R wave and having approximately the same time
duration.

In the event the input EKG signal is of a varicty similar
to the second example in line A, the output signal from
the filter-amplifier 70 will be a positive pulse similar to
the second example in line B. This pulse will also be sub-
stantially coincident with the original R wave and will
have substantially the same time duration and, finally, if
the input signal is of a variety similar to the third wave-
form in line A, the output from the filter-amplifier 70 will
be a negative pulse similar to the third waveform in
line B.

The output of the filter-amplifier 70 is connected to
two separate branches 72 and 74. The first branch 72
is effective to detect the occurrence of ectopic beats similar
to the second examples in line A while the second branch
74 is effective to detect the occurrence of ectopic beats
similar to the third example in line A.

The first branch 72 includes means that are responsive
to the amplitude of the signal of the input thereof so as
to provide a pulse shaping action. For example, this
circuit may be a Schmitt trigger circuit 76. ‘This circuit
76 is preferably set so that it will be in a first or low
state with the voltage present on the output of the circuit,
ie., point “C” will normally be low or at ground level
when the voltage at the input of point “B” is less
than some predetermined amount. However, whenaver
the amplitude of the signal at the input or point “B” ex-
ceeds the predetermined amount, the trigger circuit 76
will switch to a second or high state and will remain
switched as long as the potential at the input is above the
predetermined amount. As a result, the voltage on the
output from the trigger circuit 76 will be essentially a
square-wave having short rise and fall times and a time
duraticn corresponding to the length of time the potential
at input or point “B” is above a fixed level.

In the present instance, this triggering circuit 76 is set
to switch states whenever the potential at point “B™ or
at the input thereof is above a maximum level on the
order of about one-half of the normal peak voltage of
the R wave. This is substantially above the level reached
by the P and T waves. - Only when the R wave is starting,
the potential at point “B” will rise through the trigger
level and therebeyond and the trigger circuit 76 will switch
states substantially coincident with the commencement of
the R wave. In addition, when the R wave is ending, the
potential at point “B” will fall back through the trigger

level and cause the trigger circuit 76 to return to its

origina] state.

As a consequence the potential at the output or point
“C” will be a square wave having a time duration sub-
stantially equal to the time duration of the R wave. More
particularly, in the event of a normal QRS complex such
as in the first examples in lines A and B of FIGURE 4, the
potential at the output of the trigger circuit 76 or point
“C” will correspond to the first example in line C and
include a squarewave pulse having a maximum time
duration on the order of about 0.04 sccond or less. How-
ever, in the event of the occurrence of a positive ectopic
pulse such as in the second examples in lines A and B,
the output from the trigger circuit 76 will be a square
wave corresponding to the second example in line C and
will have a minimum time duration on the order of 0.06
sccond or longer. In the event of a negative type of
ectopic beat corresponding to the third example in line
A, the signal at point “B” will never risc to a sufficiently
positive level to cause the trigger circuit 76 to switch.  As
a result, the circuit 76 will not change its state and the
first branch 72 will never respond to such negative beats.

The output of the trigger circuit 76 is interconnected
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with a differentiating circuit 78 that is responsive to the
rate of change of the output signal or the potential at
point “C.” In the present instance this differentiating
circuit 78 includes a condenser 80 that is connected in
series with the output, and a resistor 82 that is connected
to ground. As a result, when the trigger circuit 76
switches from the low state to a higher state there will
be a positive pulse of short duration across the resistcr
82 and when the trigger circuit switches from the high
state to the low state, a negative pulse will appear across
the resistor 82.

More particularly, the waveforms appearing across the
resistor or at point “D” are shown in line D of FIGURE
4 and consist of a positive pulse corresponding to the
beginning of the R wave followed by a negative pulse
corresponding to the termination of the R wave. Al-
though the timing between these pulses may vary over
a substantially wide range, it is believed that if the EKG
signal is ncrmal, such as in the first example of line A,
they will normally be less than about 0.04 second apart.
In.the event of a positive ectopic beat such as the second
example in line A, it is believed that the time interval
between the pulses will be on the order of at least 0.06
second. In the event of a negative ectopic beat there will
be no pulses at point “D,” since the trigger circuit will
not switch states.

The output from the differentiating circuit 78 or at
point “D” may be interconnected with circuit means suit-
able for determining whether or not the time delay exist-
ing between the two puilses is greater than a preselected
amount. Although there is a large varicty of means suit-
able for accomplishing this objective, in the present
instance a gating metwork 81 is employed. One of the
inputs to this nectwork 84 includes a pulse generator 85
of any conventional well-known variety for generating a
squarewave signal in response to a signal cn the input.
For exampile, a one-shot multivibrator circuit 86 may be
employed that will be responsive to only positive pulses.
Upon the occurrence of such a pulse at the input, the
circuit 86 will produce a squarewave pulse in the output
that will be of some predetermined fixed time duration.

As has been pointed out above, it is believed that the
maximum time duration of the pulses at point “C” and
the separation of the pulses at point “D” resulting from
the accurrence of a QRS complex produced by a normal
hcartbeat will be on the order of 1.04 second or substan-
tially less than 0.05 second. However. the corresponding
times for pulses resulting from an abnermal or cctopic
beat will be on the crder of at least 0.06 second or sub-
stantially greater than 0.05 second. Accordingly, the
time contants of the pulse generator circuit £6 are chosen
such that the square wave at the output or point “D” will
have a time duration that will be between the maximum
norma] time duration and the minimum time duration.
By way of example, it is believed that a pulsc duration
of 0.05 second will be suitable.

The other input to the network 84 includes an inverter
88 that is connected to the differentiating circuit 78 by
means of a diode 90. This diode 90 has the cathode
thereof connected to the diiferentiating circuit 89 so that
only negative pulses corresponding to the termination of
the R wave will pass therethrough. The inverter 88 will
then be effective to invert the polarity of the ncgative
pulse so that the signal on the output or at point “E” will
be a positive pulse substantially coincident with the nega-
tive pulse.

A conventional “AND” gate 92 may be provided that
has one input 94 thereof connected to the point “E” or
the output of the inverter $8 and the other input 96 con-
nected to the point “F” or the output of the pulse eener-
ator 86. ‘This "AND™ gate $2 may be of any well-known
construction and will be cfiective to block the passages
of. all pulses on cither input 94 or $6 unicss there is a
positive pulse simultancouly present on both of the inputs
94 and 96. As a result, it may be seen that the positive
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pulse from the pulse genecrator 86, and in and of itsclf
may not pass through this gate 92 and, in addition, the
positive pulse from the inverter in and of itself will not
be capable of passing through the gate 92. However, in
the event that a positive pulse from the inverter 88 occurs
during the interval while the output pulse from the pulse
generator 86 is still present on the second input 96 to the
“AND” gate 92, an output pulse will be provided at the
output from the “AND” gate 92 (point “G”) correspond-
ing to the positive pulse from the inverter 88.

Since the duration of the pulse from the generator 86
is on the order of 0.05 second duration, an output from
the “AND” gate 92 will indicate that the R wave was of
less than 0.05 second duration. Thus, a pulse at point
“G” as shown in the first example of line G of FIGURE
4 indicates a normal heartbeat. Accordingly, a neon bulb,
a counter 98 or other suitable indicating means may be
interconnected with the output of the “AND” gate 92 so
as to visually indicate that a norma] pulse has occurred.

In addition, a conventional “NOT” gate 100 may be
provided that has one input 102 thereof connected to the
output of the inverter 88 (point “E”) and the other input
104 connected to the pulse generator 86 (point “F”).
This “NOT” gate 160 may be of conventional and well-
known design and will be effective to prevent a pulse on
the input 102 passing therethrough in the event there
is a positive pulse on the second input 104. Thus, the
occurrence of a positive pulse from the pulse generator
86 in and of itself will not produce a pulse at point “H”
or the output of the “NOT” gate. . However, the positive
pulse from the inverter 88 in and of itself will not pro-
duce a pulse at point “H” provided the positive pulse
from the pulse generator 86 is not simultaneously present
on the second input 104.

Since the pulse from the generator 86 lasts for a period
of 0.05 second, the occurrence of a pulse on the input
102 when there is no pulse on input 104 will indicate that
the two pulses have occurred dt a greater interval than
0.05 second. This in turn indicates that an ectopic beat
has occurred. Accordingly, a pulse at the output from
the “NOT” circuit 109 may be interconnected with an in-
put to a multivibrator 105 that is effective to provide a
suitable pulse to a counter 166 or other visual means
for indicating the occurrence of ectopic beats.

The second branch 74, as previously stated, is for
detecting the occurrence ¢ ectopic beats of the variety
typified by the third examp.c in line A of FIGURE 4.
The input to this branch 74 includes a diode 108 that
is interconnected with the output of the filter-amplifier 70
(point “B”). The cathode of the diode 108 is connected
directly to the filter-amplifier 70 output so as to be
effective to prevent any positive pulses passing there-
through. Thus, pulses such as in the first and second ex-
amples in line B of FIGURE 4, which occur as a result
of positive R waves, may enter the first branch 72 but
will be effectively blocked from entering the second
branch 74. However, negative pulses such as in the third
example in line B resulting from ectopigc beats having
negative R waves may pass through the diode 108 and on
into the second branch 74. The diode 108 has the plate
thereof connected to the input of an inverter 110. The
inverter 110 which may be of conventional design will be
effective to invert the pulse and to provide a pulse of posi-
tive polarity at the output thereof or at point “I.” The
output of the inverter 110 is, in turn, interconnected with
the input to the multivibrator or pulse shaper 105. Since
the output from the multivibrator 105 is interconnected
with the input to the ectopic beat counter 106, each time
a negative R wave occurs the second branch 74 will be
effective to pass a pulse to the counter 106 and the occur-
rence of an ectopic beat will be recorded.

The operation of the section 38 of the computer 12 for
processing EKG signals and détecting the occurrence of
ectopic beats may be summarized briefly as follows. The
input to the filter-amplificr 70" will be interconnccted
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with the output of the demodulator 28 so as to receive
the EKG signals therefrom. These EKG signals will
thus be fed into the input of the filter-amplifier 70. This
will not only increase the amplitude thercof to a more
useful level but will also suppress the P, Q, S and T
waves and leave substantially only the R wave. If the
input signal is an EKG signal resulting from a normal
healthy heart, it will have a shape similar to the first ex-
ample in line A of FIGURE 4, and the output from the
amplifier will be a signal similar to the first example in
line B. This signal will be a positive pulse having a time
duration on the order of 0.03 to 0.04 second and will be
fed from the filter-amplifier 70 to the input of both the
first and second branches 72 and 74.

Since the diode 108 in the input to the second branch
74 will pass only negative pulses, it will discriminate
against the positive R wave signal and, as a consequence,
a normal or healthy EKG signal will not produce any ef-
fects in the second branch 74 and, as shown in the first
example of line I, there will be no signals present in the
second branch.

However, the positive pulse will flow into the first
branch 72 and the amplitude thereof will increase beyond
a sufficient level to cause the Schmitt trigger circuit 76
to switch its state and produce a paositive square wave
similar to line C that will have a time duration substan-
tially identical to the duration of the R wave. This
time duration will normally be on the order of 0.03
to 0.04 second, or substantially less than 0.05 second.
This square wave will then be differentiated by the con-
denser 80 so as to provide a positive pulse and then a
negative pulse across the resistor 82 similar to the first
example in line D. ‘The positive pulse will be substan-
tially coincident with the commencement of the R wave
while the negative pulse will be substantially coincident
with the termination of the R wave.

The positive pulse will be blocked by the diode $0
but it will be effective to triggér the pulse generator 86
so as to cause it to fire and produce a square wave simi-
lar to line F. The time duration of this square wave
pulse will be a predetermined fixed amount and, it is
believed, should be on the order of about 0.05 second.
This square wave will then be applied to one of the in-
puts 96 to the “AND” gate 92 and to one of the inputs
104 to the “NOT” gate 100.

The negative pulse signifying termination of the R
wave will pass through the diode 90 and the inverter
88 so as to create a positive pulse on the input 94 to
the “AND” gate and the input 192 to the “NOT” gate
100. Since the pulse at point “E” will occure within 0.05
second of the positive pulse, it will be concident with the
pulse from the generator 86. As a result, a pulse will be
passed through the “AND” gate to the counter 98 so as
to signify the occurrence of a normal beat. However,
since the pulse at input 102 will occur while there is still
a pulse present at input 104, there will be no output pulse
present from the gate 160 and the counter 106 will not
be actuated.

In the event that the EGK signal supplied to ths filter-
amplifier 70 is of the variety as shown in the second
example of line A, a positive pulse similar to the second
example in line B will be fed to the Schmitt trigger cir-
cuit 76 to thereby create a square wave. This square
wave will be differentiated to provide positive and nega-
tive pulses across the resistor 82. The positive pulse
will trigger the pulse generator 86 to cause a square wave
having a time duration on the order of 0.05 second.
The negative pulse will pass through the diode 90 and in-
verter 88 so as to apply a positive pulse to the inputs 94
and 102 to the “AND” and “NOT” gates 92 and 100.

Since the negative pulse at point “D” will be separated
from the positive pulse at point “D” by more than 0.05
second, the squarec wave from the pulsc gencrator 86 will
have terminated prior to the occurrence of the positive
pulse at point “E.” As a consequence, there will be no
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