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57 ABSTRACT 
A continuous electrical wave representing the electri 
cal action of a patient's heart is produced (the ECG 
wave). Frequency components of the ECG wave that 
lie predominantly below the frequency range of the 
normal QRS complex are sensed, these frequency 
components being typically in the range of about two 
Hertz to about eight Hertz. These frequency compo 
nents are integrated upon the occurrence of a QRS 
complex, and the magnitude of the result is then com 
pared to a reference standard. If the magnitude of the 
integral exceeds the reference standard an output sig 
nal indicative of a cardiac arrhythmia is then pro 
duced. 

21 Claims, 8 Drawing Figures 
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METHOD AND APPARATUS FOR DETECTING 
CARDEAC ARRHYTHMAS 

BACKGROUND OF THE INVENTION 

In the field of cardiology it is well known that the 
muscular action of the heart is controlled by a continu 
ously changing electrical potential. It is a long 
established technique to attach electrodes to the body 
of a patient to thereby obtain a continuous electrical 
wave representing the electrical action of a patient's 
heart. This continuous electrical wave (the ECG wave) 
is then conventionally graphically recorded on a strip 
chart to provide the conventional electrocardiogram, 
or it may be momentarily displayed on an oscilloscope 
(the cardioscope) for purpose of visual examination of 
the wave form by a doctor or a specially trained nurse. 

Each recurrence of the normal heart beat corre 
sponds with characteristic points on the ECG wave 
which are conventionally designated by the letters P, Q, 
R, S, and T. The Q, R and Sportions of the wave when 
taken together are referred to as the QRS complex, and 
the occurrence of the QRS complex indicates that ven 
tricular depolarization has taken place in the patient'- 
heart. 
A number of analytical methods have heretofore 

been developed for determining, in accordance with a 
preconceived method or formula, that the QRS com 
plex has occurred. However, to differentiate between 
a QRS complex which corresponds to a normal heart 
action, and a QRS complex which corresponds to ab 
normal heart action, has proven a far more difficult 
problem. 
Many different types of abnormal heart actions have 

been identified and studied, and it is known that some 35 
are relatively harmless while others indicate a fairly im 
mediate threat to the life of the patient. The cardiac ar 
rhythmias include certain ventricular ectopic beats or 
contractions, and more particularly those known as 
ventricular tachycardia, coupled beats, ventricular pre 
mature complex (VPC), and fusion beats. It is known 
that all of these abnormalities indicate a probability 
that, if the patient is not properly treated, his heart may 
soon cease to pump blood because of ventricular fibril 
lation. 
Thus it is of extreme importance to be able to analyze 

the ECG wave in accordance with a predetermined 
method or formula in order to determine whether the 
heart action falls within one of the highly dangerous 
categories mentioned above. This approach to the 
problem is particularly applicable to the coronary care 
units of hospitals, which have been established in rap 
idly increasing numbers since the year 1962. These cor 
onary care units are devoted exclusively to the care and 
treatment of patients who have had one or more heart 
attacks. The patient himself is unable to determine 
whether his heart action is characterized by a highly 
dangerous type of abnormality. Furthermore, it is often 
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the case that there will be many normal heart beats, 60 
then a single abnormal one, and then many more nor 
mal beats thereafter. In other instances the abnormal 
beats occur with some regularity and a significant fre 
quency. The patient may have a heartbeat rate of 60 
per minute, and if the highly dangerous beats are oc 
curring at the rate of one per minute or less then treat 
ment on an emergency basis may not be required while 
if the dangerously abnormal beats are occurring at the 
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rate of five or more per minute then this may indicate 
an emergency situation. 
Thus the object and purpose of the present invention 

is to provide a method or formula for analyzing the 
ECG wave in a predetermined manner, in order to 
identify the dangerously abnormal type of heartbeats. 

REFERENCE TO PRIOR ART 
Among the applicable prior art is U.S. Pat. No. 

3,38,151 entitled "Detector and Alarm Ventricular 
Impulses” and issued June 23, 1964. 
Also included among the prior art is German Pat. No. 

2,109,179 issued Oct. 14, 1971. The German patent 
discloses the method of analyzing an ECG wave into a 
relatively high frequency band and a relatively low fre 
quency band, and then comparing the energy levels in 
the two frequency bands in order to detect abnormality 
of the heart function. 

SUMMARY OF THE INVENTION 
The present invention is based upon my study and 

analysis of the ECG waves of many patients. From this 
extensive study I have drawn certain conclusions, and 
the conclusions in turn have been used to construct a 
method or formula for analysis of the ECG wave. The 
conclusions will be stated first, and the method will be 
summarized thereafter. 
My conclusions which form the basis for the present 

invention are as follows: 
1. All of the ventricular ectopic beats (ventricular 

tachycardia, coupled beats, VPC, and fusion beats) are 
characterized by a significant energy content at the low 
frequencies which lie on the low end of, or entirely be 
low, the frequency range of the normal QRS complex. 

2. All of the ventricular ectopic beats are character 
ized by a QRS complex which is of longer time duration 
than a normal QRS complex for the same patient. 

3. The frequency components in the ECG wave 
which reliably indicate the occurrence of a QRS com 
plex are significantly different for heart patients taken 
as a group, than for people of excellent health. For ex 
ample, the heartbeats of astronauts (assumed to be 
persons of excellent health) may be most reliably de 
tected by monitoring frequencies centered at 30 Hertz. 
By contrast, I have concluded that the occurrence of a 
QRS complex (whether normal or abnormal) in a heart 
patient is most reliably indicated by frequency compo 
nents centered at 14 Hertz, and preferably in the range 
of about 10 Hertz to about 18 Hertz. 

4. have concluded that the low frequency compo 
nents of the QRS complex which indicate that the heart 
beat is of the highly dangerous variety, i.e., a ventricu 
lar ectopic beat, are centered at about 4 Hertz and typi 
cally in the range of about 2 Hertz to about 8 Hertz. 

5. In the abnormal QRS complex the measurable du 
ration of the low frequency components is greater than 
that of the higher frequency components. 
According to my invention the occurrence of a car 

diac arrhythmia is detected in the following manner. 
The ECG wave is produced in conventional fashion. 
The ECG wave is sensed in any appropriate manner to 
determine the occurrence of a QRS complex, whether 
normal or abnormal. At the same time, the ECG wave 
is independently sensed for those frequency compo 
nents which lie predominantly below the frequency 
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range of the normal QRS complex. These independent 
ly-sensed low-frequency components are then inte 
grated throughout a time period which commences 
upon detection of a QRS complex and extends at least 
throughout its time duration. The magnitude of the in 
tegral is then compared to a reference standard, and if 
it exceeds the standard the conclusion will be drawn 
that a cardiac arrhythmia has occurred. 
According to another phase of my invention I have 

determined that the reference standard referred to 
above is not a constant which can be used indiscrimi 
nately for every patient in a group of patients, but 
rather, that its value will differ significantly from one 
patient to the next. My invention also includes a 
method of determining the reference standard applica 
ble to a particular patient. 

DRAWING SUMMARY 
FIG. 1 is a typical electrocardiogram of a heart pa 

tient having a mixture of normal and abnormal beats; 

FIG. 2 is a schematic block diagram of an apparatus 
suitable for carrying out the method of my invention; 

FIG. 3 is a waveform diagram of bigeminy (alternat 
ing normal and abnormal) showing how the various 
wave forms are related in accordance with my inven 
tion; 
FIG. 4 is a more detailed schematic diagram of the 

apparatus shown in FIG. 2; 
FIG. 4 (a) and 4(b) show the pass bands offilters used 

in the circuit of FIG. 4; 
FEG, 4(c) shows a timing pulse; and 
FIG. 5 is a still more detailed schematic diagram of 

certain portions of the circuit of FIG. 4. 
PREFERRED EMBODIMENT 

In FIG. 1 there is shown the electrocardiogram of a 
heart patient characterized by a mixture of normal and 
abnormal beats. Specifically, two normal beats spaced 
at a proper time interval are followed by one abnormal 
beat which is premature, and hence follows much too 
closely after the second one of the normal beats. Differ 
ent characteristic portions of the wave forms are identi 
fied by the conventional symbols P, Q, R, S, and T. 
FIG. 1 is indicative in a general way of the problem to 
be solved. No effort is made here to illustrate the wave 
forms corresponding to the numerous different types of 
ECG abnormalities. 
FIG. 2 illustrates an apparatus suitable for carrying 

out the method of the present invention. An input 
means is used to produce a continuous electrical wave 
representing the electrical action of a patient's heart 
(the ECG wave), and in FIG. 2 this is indicated simply 
by the letters ECG. The ECG wave is applied both to 
a QRS Detector, a high bandpass filter, and to a V.E. 
Filter, a low bandpass filter. The letters "V. E." in the 
diagram refer to ventricular ectopic. The output of the 
ORS Detector is fed to a Timer. The main function of 
the Timer is to measure out a time period which at least 
equals, and perhaps exceeds, the time duration of the 
QRS complex, and for this purpose it produces an out 
put identified as “Timing Pulse." 
The output of the V. E. Filter is fed to an Integrator. 

The output of the Timer is also fed to the Integrator, 
enabling the Timer to control the Integrator so that in 
tegration of frequency components passed through the 
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4. 
V. E. Filter will continue at least throughout the dura 
tion of the QRS complex. The output of the Integrator 
is fed to a Comparator, to which a Reference Standard 
is also supplied, and the Comparator produces an out 
put indicating a potentially life-threatening cardiac ar 
rhythmia and which is accordingly marked as "LTCA 
pulse.' 
At the usual heartbeat rate of about 60 per minute 

the heart beats are occurring regularly once each sec 
ond. For a normal heart beat the time duration of the 
QRS complex is about 50 milliseconds to about 80 mil 
liseconds. For a ventricular ectopic beat the time dura 
tion of the QRS complex is always prolonged, and will 
be about 120 milliseconds to about 200 milliseconds. 
The relatively low frequency portion of the abnormal 
QRS complex tends to have a longer time duration than 
the relatively high frequency portion. 

In carrying out my invention I prefer to construct the 
Timer so that it will continue to operate at least several 
milliseconds beyond the duration of the QRS complex 
as detected by the QRS Detector. In this manner I am 
able to have the Integrator pick up essentially the entire 
energy content of the low-frequency components that 
are sensed through the V. E. Filter, that is, the fre 
quency components that lie predominantly below the 
normal frequency range of a normal QRS complex and 
are preferably in the frequency range of about 2 Hertz 
to about 8 Hertz. 
Reference is now made to FIG. 3 illustrating the rela 

tionship of actual wave forms which occur during the 
operation of my invention. At the top of FIG. 3 there 
is shown a prerecorded ECG wave which was used for 
purpose of the test. Next, below the ECG wave there 
is shown the Integrator Output which resulted. These 
wave forms are actual tracings taken from a test which 
I made, using the method of my invention, on 
Thursday, Apr. 20, 1972. At the bottom of FIG.3 there 
is shown the Comparator Output. 

It will be seen from FIG. 3 that for each occurrence 
of a normal QRS complex in the ECG wave the Integra 
tor Output peaks at a relatively small value. However, 
for each abnormal QRS complex the Integrator peaks 
at a much higher value. The Comparator Output pro 
duces a square pulse each time that the Integrator 
peaks at the relatively high value. Therefore, each out 
put pulse from the Comparator indicates the occur 
rence of an abnormal QRS complex. 
Reference is now made to FIG. 4 which schemati 

cally illustrates in somewhat greater detail the presently 
preferred circuit for carrying out the method of the 
present invention. 

In FIG. 4 it is indicated that an input signal is taken 
from the patient and fed to a pre-amplifier in order to 
provide a standard 1 volt signal, and that an input signal 
can also be taken from a monitor. Only one of these in 
puts is used. Whichever input is used, an input attenua 
tion control (not shown) may be adjusted to produce 
a nominal one volt signal which refers to the vertical 
height (either positive or negative) of the R wave from 
its base line. 
As shown in FIG. 4 the ECG wave feeds both the 

Ventricular Ectopic Filter and the QRS Detector, the 
same as shown in FIG. 2. An added feature is that each 
of these circuits feeds both into and around an accom 
panying Inverter followed by a Summing Network hav 
ing a summing point S1 or S2 also. Each Summing Net 
work includes a full-wave rectifier. The reason for use 
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of these Inverters is that sometimes the electrodes are 
connected to the patient in the wrong polarity, and also 
in some instances the electrical polarization of the 
heart occurs in the proper manner but with inverted 
polarity. The method of my invention is not concerned 
with detecting the polarity; therefore, the use of an in 
verter in conjunction with each circuit serves to pro 
duce the proper form and magnitude of the wave re 
gardless of polarity. That is what is desired for the pur 
poses of my invention. 
The QRS Detector is, in general, responsive to fre 

quencies in the range from 10 to 30 Hertz. FIG. 4ail 
lustrates a preferred pass band for the QRS detector. 
As there shown, a filter is peaked at 14 Hertz and has 
a smaller receptivity to the low frequency of 10 Hertz 
and the high frequency of 18 Hertz. I have found that 
sensing the ECG wave for frequency components in 
this frequency range provides a reliable indication of 
the occurrence of a QRS complex, regardless of 
whether the QRS complex is normal or abnormal. In 
other words, this range of frequencies does not so much 
characterize the normal QRS complex but rather is 
common to both normal and abnormal. Furthermore, 
the QRS filter will not pass any significant amount of 
the P and T waves, because of their lower frequency 25 
content. 
FIG. 4B illustrates the preferred frequency range for 

the Ventricular Ectopic Filter. As shown in the drawing 
this filter is peaked at 4 Hertz and has a smaller energy 
reception at 2 Hertz at the low frequency end and at 8 
Hertz on the high frequency end. I have found this fre 
quency range to be optimum for indicating the Ventric 
ular Ectopic form of the QRS complex, 

In response to each QRS complex the Timer circuit 
produces a Timing Pulse which is approximately fifty 
milliseconds longer than the duration of those frequen 
cies passed by the QRS filter. 
More specifically, the QRS filter is used to sense the 

frequency components of the ECG wave in the range 
of 10 Hertz to 18 Hertz, and the continuance of these 
frequencies at a significant energy level is considered 
as representing the continuation of the QRS complex 
itself. When these frequency components drop below 
their significant level the timing pulse generated by the 
Timer nevertheless continues for approximately fifty 
milliseconds. It is this timing pulse which keeps the In 
tegrator turned on. A typical shape of the Timing Pulse 
is shown in FIG, 4(c), 
Therefore, after the frequencies in the range of about 

10 Hertz to about 18 Hertz have fallen below a signifi 
cant value, the frequencies in the lower range of about 
2 Hertz to about 8 Hertz which are passed through the 
V. E. Filter continue to be integrated by the integrator, 
The result of this integrating process is a voltage magni 
tude which is fed to the Comparator throughout the du 
ration of Timing Pulse, 
As also shown in FG, 4 a standard reference voltage 

is supplied to the Comparator. If the magnitude of the 
resulting integral produced by the Integrator output ex 
ceeds the reference standard, then the Comparator 
produces an output pulse in the manner illustrated in 
FIG, 3. However, if the magnitude of the integral is less 
than the reference standard then no output pulse is pro duced. 
As shown in FIG, 4 the Timer output is also applied 

to a QRS Driver which applies the QRS Pulse to a 
White Light. There are at least two reasons why a separ 
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6 
rate QRS output is useful. One reason is that this output 
signal, indicated as for example by the flashing of the 
light bulb, demonstrates that the machine is working 
and that the patient's heart is working also. Another 
reason for this output is that an irregular, slow, or rapid 
flashing of the QRS indicator light would indicate heart 
rate, premature beats and other information available 
from a timed relation of successive QRS complexes. 

In the circuit of FIG. 4 the LTCA Pulse from the 
Comparator output is fed to a monostable multivibra 
tor having an "on" cycle of two hundred fifty millisec 
onds and which is identified on the drawings as "250 
MS MONO." This device is used simply to impose a 4 
second time standardization in the V. E. output. The 
monostable multivibrator drives a V. E. Driver which 
is coupled to both a horn and a red light bulb which 
represent parallel loads for the LTCA output signal. 
Whenever the comparator produces an output pulse 
the red bulb will light up and the horn will sound for 4 second. 
According to the present invention it is preferred to 

establish the value of the Reference Standard voltage 
for each individual patient. The reason is that the char 
acteristics of the heart action differ significantly from 
one individual to the next, and therefore a reference 
standard established for the population as a whole or 
for a particular group of people would not be entirely 
accurate as applied to a particular individual. I have 
found that it is most advantageous to establish the ref 
erence standard for an individual patient by empirical 
means. For example, the apparatus as shown in FIG. 4 
may be connected to the patient, with the ECG wave 
being also coupled to an oscilloscope to be visually dis 
played at the same time. I prefer to initially set the ref 
erence standard voltage which is applied to the com 
parator so that it will be too low, The result of this pro 
cedure is that all of the heart beats will produce a V. 
E, output indication. A trained person is observing the 
visual display of the ECG wave and knows that the out 
put indications are false. Then the Reference Standard 
voltage is adjusted to a higher value until some of the 
output indications disappear. The Reference Standard 
is then higher than the minimum value of the integral 
produced by the Integrator, The Reference Standard is 
increased further until all V. E. output signals disap 
pear during normal heart action, This is one of several 
methods of achieving standardization. In general the 
approach is that the Reference Standard will be set to 
a value significantly greater than the largest integral 
from a sample set, 
My novel method of detecting cardiac arrhythmias is 

believed to be 100 percent reliable (not considering 
some artifacts), where the reference standard has been 
empirically selected for the individual patient in the 
manner outlined above, The ratio of integrator output 
of a clearly abnormal wave form as compared to a 
clearly normal wave form is about two to one, and this 
difference is quite adequate for reliable operation of 
the instrumentation, 

DETALED CIRCUIT 
Reference is now made to FIG, S which illustrates in 

detail the main portions of the circuit of FIG. 4. In 
cluded in the circuit of FIG, 5 are eight operational am 
plifiers, each one of which is constructed as an inte 
grated circuit, and these devices are identified as IC1 . . . C8, respectively, 
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Referring briefly back to FIG. 4, it will be noted that 
the drawing indicates the location in the circuit of each 
one of these operational amplifiers. For example, IC1 
and C2 are contained in the QRS Filter, while IC8 is 
contained in the Comparator. 
Referring again to FIG. 5, suitable filter sections are 

combined with the two operational amplifiers, IC1 and 
IC2, so as to provide the overall characteristics of am 
plification and band pass which are desired. Thus, C1 
and the equivalent resistance looking into R1 form one 
pole of a high-pass filter section. R1 and C2 form one 
pole of a low-pass filter section. R1 plus R2 and C3, 
modified somewhat by R3, form a second pole of the 
low-pass filter. C4 and R5 form one pole of another 
high-pass filter section. C5 together with the equivalent 
resistance provided by the combination of R4, R6, and 
R31 provides another low-pass filter section. The gain 
characteristic is essentially as shown in FIG. 4(a). 
The output of the QRS Filter passes through resistor 

R7 to an Inverter consisting of IC3 and resistor R8. The 
Inverter output passes through a capacitor C7 and 
diode D2 to a Summing Point S2. The direct output of 
the QRS Filter also passes through a capacitor C6 and 
a diode D1 to the same summing point. The voltage at 
the summing point S2 appears across a load consisting 
of the parallel combination of capacitor C8 and resistor 
R11. It will be noted that the summing circuit is also a 
full-wave rectifier. It will also be noted that capacitor 
C8 provides a filtering function, to filter out the ripple 
voltage in the fully rectified wave, and this separate and 
distinct function has been indicated in FIG. 4 by the 
separate box entitled "Ripple Filter." 
The Timer includes operational amplifier IC4. A 

fixed reference voltage is developed from a source of 
minus 10 volts through a voltage divider including re 
sistors R12 and R14, and is coupled through resistor 
R13 to the inverting input of the operational amplifier, 
The output of the QRS Filter, after passing through the 
full-wave rectifier, summing circuit, and ripple filter as 
previously described, is then applied to the non 
inverting input of amplifier IC4. The circuit functions 
in this manner. When the level of the applied signal ex 
ceeds the fixed reference voltage, an output is pro 
duced at the output terminal of the amplifier. When the 
level of the applied signal does not exceed the refer 
ence voltage, no output is produced from the amplifier. 
The fixed reference voltage is so selected as to avoid a 
response to noise or spurious signals, but to provide a 
response to the signals in the frequency band of about 
10 to about 18 Hertz so long as they have significant 
value. 

In the Timer a capacitor C9 is coupled between the 
noninverting input terminal of IC4 and its output termi 
nal. This provides a regenerative feedback loop. Once 
an output signal has been developed by the amplifier, 
capacitor C9 tends to maintain that output signal, and 
delay its discontinuance or shut-off. Therefore, when 
the input signal falls below the level of the fixed refer 
ence voltage, the output signal from the operational 
amplifier does not shut off until some time afterwards, 
This time delay is approximately 50 milliseconds, The 
typical configuration of this timing pulse, or T Pulse, is 
shown in FIG. 4(c), 
The T Pulse is applied to resistor R25 to the gate of 

FET1, which controls the action of the Integrator. 
The V. E. Filter includes operational amplifier IC5. 

A high-pass filter section is formed by capacitor C10 in 
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8 
series with the equivalent resistance provided by resis 
tors R16, R17, R32, and R18. A low-pass filter section 
is provided by R16 and C11. Another low-pass filter 
section is formed by capacitor C12 together with the 
equivalent resistance of the circuit. The over-all circuit 
provides the desired amount of gain, and a frequency 
response essentially as shown in FIG. 4(b). 
The output of the V. E. Filter is supplied through a 

capacitor C14 and a diode D4 to a summing point S1 
above resistor R23. It is also supplied through a resistor 
R19 to an Invertor which includes IC6 and R20. The 
invertor output is supplied through C13 and D5 to the 
same summing point. As before, the summing circuit is 
also a full-wave rectifier. No filtering is provided in this 
portion of the circuit, however. 
The Integrator includes operational amplifier IC7, 

whose non-inverting input terminal is grounded. The 
output of the summing circuit that follows the V. E. Fil 
ter is supplied through a resistor R24 to the inverting 
input terminal of IC7. A capacitor C15 is connected 
between the inverting input of IC7 and its output termi 
nal. The drain and source of field effect transistor FET 
1 are connected across C15. When a QRS pulse is not 
being received, the impedance between drain and 
source of FET 1 is low, C15 is essentially shorted out, 
and IC7 does not integrate. 
When timing pulse T is applied, however, FET 1 is 

turned off, effectively putting C15 back in the circuit. 
The series combination of R24 and C15 then provide 
an integrator whose output appears at the inverting 
input of IC7. The output of IC7 therefore produces the 
integral of the applied signal (from V. E. Filter) 
throughout the continuation of the timing pulse T. 
The Integrator output goes to the non-inverting input 

of Comparator IC8. The Reference Standard (selected 
as earlier described) is applied to the inverting input. 
A positive-going LTCA pulse is produced on the output 
terminal of IC8 whenever the Integrator output ex 
ceeds the Reference Standard. 
As will be understood by those skilled in the art, what 

has been described are preferred embodiments in 
which modifications and changes may be made without 
departing from the spirit and scope of the accompany 
ing claims, 

I claim: 
1. The method of analyzing a continuous electrical 

wave representing the electrical action of a patient's 
heart in order to detect cardiac arrhythmias, compris 
ing the steps of: 
applying the wave concurrently to a relatively high 
frequency band pass filter which is responsive to 
frequencies in the range from 10 to 30 Hertz, and 
to a relatively low frequency band pass filter which 
is responsive to frequencies in the range below 10 
Hertz; 

producing a timing signal in response to an output 
from said high frequency filter; 

integrating the output of said low frequency filter 
throughout the duration of said timing signal; 

comparing the integral to a reference standard; and 

whenever the integral exceed the reference standard, 
producing an output signal indicating that a cardiac 
arrhythmia has occurred. 

2. The method of claim 1 wherein said high fre 
quency filter is selected to be predominantly responsive 
to frequencies in the range from 10 to 18 Hertz. 



3,828,768 
9 

3. The method of claim 1 wherein said low frequency 
filter is selected to be predominatly responsive to fre 
quencies in the range from 2 to 8 Hertz. 

4. The method of claim 1 wherein said step of pro 
ducing a timing signal includes continuing said timing 5 
signal for about 50 milliseconds after discontinuance of 
an output from said high frequency filter. 

5. The method of claim which additionally includes 
the prior step of first selecting a particular value of said 
reference standard which is applicable to the particular 
patient whose cardiac action is to be monitored. 

6. The method of claim 1 wherein said step of pro 
ducing a timing signal includes continuing said timing 
signal so long as an output in being produced by said 
high frequency filter and for at least several millisec 
onds thereafter. 

7. The method of analyzing the ECG wave of a pa 
tient comprising the steps of 

filtering from the wave relatively high frequency 
components in the range from 10 to 18 Hertz; 

filtering from the wave relatively low frequency com 
ponents in the range from 2 to 8 Hertz, 

producing a timing signal in response to the occur 
rence of said high frequency components; 

integrating said low frequency components through 
out the duration of said timing signal; and 

whenever the value of the integral exceeds a prede 
termined reference standard, producing an output 
signal indicating that a cardiac arrhythmia has oc 
curred. 

8. The method of claim 7 which includes the further 
step of maintaining said timing signal so long as said 
high frequency components exist and for about 50 mil 
liseconds thereafter. 

9. The method of claim 7 wherein said reference 
standard is previously selected for the particular pa 
tient. 

10. The method of analyzing the ECG wave of a pa 
tient, comprising the steps of: 

filtering from the wave a band of high frequencies se 
lected from the range of about 10 to about 30 
Hertz, 

concurrently filtering from the wave a band of low 4 
frequencies selected from the range below about 
10 Hertz; 

producing a timing signal in response to the occur 
rence of said high frequencies; 

and first rectifying and then integrating said low fre 
quencies throughout each occurrence of said tim 
ing signal in order to determine whether a cardiac 
arrhythmia has occurred. 

11. The method claimed in claim 10 wherein the re 
sulting integral is compared to a reference standard. 

12. The method claimed in claim 11 wherein said ref 
erence standard is previously established to reflect the 
normal heart action of the patient, and an output signal 
indicating a cardiac arrhythmia is produced whenever 
said resulting integral exceeds said standard. 

13. The method claimed in claim 12 wherein said ref 
erence standard is selected to be significantly greater 
than the minimum integral of said low frequencies 
which is produced during normal heart action of the patient. 

14. The method of analyzing the ECG wave of a pa 
tient, comprising the steps of: 
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0 
filtering from the wave a band of relatively low fre 
quency components selected from the range below 
about 10 Hertz; 

integrating said low frequency components in re 
sponse to the occurrence of each one of a succes 
sion of QRS complexes; 

comparing each one of the resulting integrals with a 
reference standard; and 

whenever one of said resulting integrals exceeds said 
reference standard, producing an output signal in 
dicating that a cardiac arrhythmia has occurred. 

15. The method claimed in claim 14 which includes 
the further steps of: 

filtering from the wave a band of relatively high fre 
quency components selected from the range of 
about 10 to about 18 Hertz, and 

generating a timing signal throughout the existence 
of said frequency components and for at least sev 
eral milliseconds thereafter, 

and wherein said low frequency components are inte 
grated throughout the duration of said timing sig 
nal. 

16. The method claimed in claim 15 which includes 
the additional step of maintaining said timing signal for 
about fifty milliseconds after said high frequency com 
ponents cease to exist. 

17. The method claimed in claim 14 wherein said ref 
erence standard is established by: 

integrating said low frequency components through 
out the duration of each one of sample sets of QRS 
complexes of that patient to obtain a correspond 
ing sample set of integrals; and 

selecting said reference standard to be significantly 
greater than the value of the largest integral of said 
sample set. 

18. The method claimed in claim 17 which includes 
the additional step of visually displaying said sample set 
of QRS complexes before selecting said reference stan 
dard. 

19. Apparatus for detecting cardiac arrhythmias 
comprising, in combination: 
input means for producing the ECG wave; 
a filter coupled to said input means for filtering from 
the wave a band of frequency components selected 
from the range below about 10 Hertz; 

a full-wave rectifier coupled to said filter for rectify 
ing said band of frequency components; 

an integrator coupled to said rectifier and operable 
for integrating Said band of frequency components; 

timing means coupled to said integrator for enabling 
the same upon the occurrence of each one of a suc 
cession of QRS complexes; 

means for providing a reference standard; 
comparison means coupled to said integrator and to 
said reference standard means for comparing each 
one of the resulting integrals with the reference 
standard; and 

output means responsive to said comparison means 
whenever one of said resulting integrals exceeds 
said reference standard for producing an output 
signal indicating that a cardiac arrhythmia has oc 
curred. 

20. Apparatus as claimed in claim 19 wherein said 
timing means includes: 
an additional filter coupled to said input means for 

filtering from the wave aband of relatively high fre 



3,828,768 
11 12 

quency components selected from the range of tor on and off in response to said timing signal. 
about 10 to about 30 Hertz, and 21. Apparatus as claimed in claim 20 wherein said 

means coupled to said additional filter for generating generating means is adapted to generate said timing sig 
a timing signal in response to the existence of said nal throughout the existence of said high frequency 
high frequency components; 5 components and for at least several milliseconds there 

the output of said generating means being coupled to after. 
said integrator for selectively turning said integra- ck sk. k. k. k. 
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