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CARDAC DAGNOSTIC METHOD 
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Filed Jan. 7, 1959, Ser. No. 785,434 
2 Claims. (Cl. 128-2.06) 

This invention relates to a cardiac diagnostic method 
for the detection and study of low intensity heart sounds 
Such as murmurs. 
The detection of heart murmurs is difficult due to the 

presence of high intensity normal heart sounds which tend 
to obscure the weaker higher frequency murmurs. Diag 
nosis with the common stethoscope therefore, requires a 
high degree of skill on the part of the physician. It has 
been proposed to use frequency discriminating devices to 
isolate the murmurs, but these devices have been unsatis 
factory. It is the aim of the present invention to provide 
a method for selectively amplifying the murmur sounds 
So that they may be more easily audible or otherwise de 
tectable above normal heart sounds. 
The normal heart sounds are rhythmic and are of 

greater intensity than many of the murmur sounds in 
which the physician is interested. The murmur sounds 
have the same rhythm but they usually occur during the 
interval between intensity peaks of the normal sounds. 
In the present invention this non-coincidence in time 
allows the murmurs to be amplified selectively with re 
Spect to the normal heart sounds. 

This invention may be defined as a method of detecting 
heart sounds wherein the degree of amplification of said 
heart sounds is automatically periodically switched from 
a first degree to a second degree higher than said first 
degree, for intervals having a predetermined length and 
time relationship with respect to certain characteristic 
high intensity heart sounds. 

For carrying out this method, the invention employs 
apparatus for detecting heart sounds, comprising a micro 
phone sensitive to said heart sounds, a variable gain am 
plifier connected to said microphone, detecting means sen 
sitive to the output of said amplifier, means sensitive to 
heart action to generate a synchronizing voltage having a 
predetermined time relationship with said heart sounds, 
and control means sensitive to said synchronizing voltage 
and operative to increase the gain of said amplifier for an 
interval in response to said synchronizing voltage. Said 
Variable gain amplifier may consist of a single amplifier 
or, as in the preferred embodiment, may take the form 
of two amplifiers in parallel, one of which is switched by 
said control means. 

Reference will now be made to the accompanying 
drawings in which, 
FIG. 1 is a graphic representation of heart sound inten 

sity variations with time, for a particular heart having a 
murmur, 

FIG. 2 is an electrocardiograph trace made simul 
taneously with the heart sound trace of FIGURE 1, 

FIG. 3 is a block diagram of a circuit illustrating a 
particular embodiment of apparatus for practicing the 
present invention, 

FIGS. 3a, b, c and d together illustrate one form of a 
Schematic circuit diagram of the circuit shown in block 
form in FIG. 3, 

FIGS. 4, 5, 6, 7 and 8 are block diagrams illustrating 
alternative embodiments of the apparatus, and 

FIG. 5a is a schematic circuit diagram of a trigger gen 
erator shown in block form in the embodiments of FIGS. 
5, 6 and 8. - 
The trace of FIGURE 1 illustrates the relative magni 

tudes and time relationship of the normal, and murmur 
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2 
sounds, occurring in a particular heart. Numeral 3 refers 
to the peak accompanying a first normal heart sound 
while numeral 4 refers to a peak accompanying a second 
normal heart sound. For this particular heart, the mur 
mur, numeral 5, lies completely within the interval be 
tween normal heart sounds 3 and 4. For different heart 
conditions, the time relationship between the murmur 5 
and the normal sounds 3 and 4 will vary, but in general, 
the murmur does not coincide completely with either of 
the normal sounds. This figure points out the difference 
in intensities between the murmur and the normal sounds, 
which again will vary with different heart conditions, but 
in general is such as to make the murmur difficult to hear. 
The circuit of FIGURE 3 provides, according to the 

present invention, a greater amplification of the murmur 
than of the normal heart sound. A crystal microphone 8 
placed on the chest close to the heart detects all heart 
sounds, and the resulting signal is passed through an 
amplifier 9 and a mixing amplifier 10 whose output is con 
nected to earphones 11. This branch of the circuit ampli 
fies all heart sounds by an equal factor, subsequently re 
ferred to as "a first degree.” In parallel with the ampli 
fier 9 is a higher gain amplifier 12 which is switched by a 
gate 13. The gate 13 connects the high gain amplifier 12 
to mixing amplifier 10 only for the duration of an actuat 
ing signal fed from a gate pulse generator 14. Since the 
outputs of both amplifiers 9 and 12 are fed through the 
mixing amplifier 10, the final output of the circuit in 
cludes all the heart sounds, but those occurring during 
the interval when amplifier 12 is connected are amplified 
to a greater extent ("a second degree' greater than said 
"first degree") than the remainder of the heart sounds. 
By means of a synchronizing voltage at terminal 15 and 

Suitable delay and pulse width adjusting circuits associated 
with the gate generator 14, the amplifier 12 is caused to 
operate during the interval between sounds 3 and 4 of 
FIGURE 1 and only long enough to amplify the murmur 
Sounds 5. In practice the ratio of the gain of amplifier 12 
to the gain of amplifier 9, is about 100 to 1 so that the 
detection of the low intensity murmurs 5 is greatly im 
proved. 
The Synchronizing voltage at terminal 15 may be de 

rived from any periodic voltage which bears a constant 
time relationship with the normal heart sounds 3 and 4. 
For example the peak of the QRS complex of the electro 
cardiogram, which is shown as the peak 6 in FIGURE 2, 
immediately precedes the first peak 3 in the heart sound 
trace of FIGURE 1. The peak 6, since it has a constant 
time relationship with the peak 3 in the heart sound in 
tensity trace, is therefore suitable as a synchronizing volt 
age for the gate pulse generator 14. A conventional elec 
trocardiograph is shown at 16. 

FIG. 3 has been drawn in block diagram form and it 
will be obvious to those skilled in the art that each block 
may represent various well known circuits. However, one 
specific circuit for each block will now be described. The 
details of the input stage and amplifier 9 are shown in 
FIG. 3a, amplifier 12 in FIG. 3b, the gate 13 and the 
mixing amplifier 10 in FIG. 3c and the pulse generator 
14 in FIG. 3d. 

Referring now to FIG. 3a, the microphone 8 is con 
nected to amplifiers 9 and 12 via a cathode follower V.A. 
Cathode follower V1A is RC coupled to amplifier 9, and 
a variable resistor R1 provides gain control. The tubes 
V1B and V2A of amplifier 9 are resistance-capacitance 
coupled, each having its own plate to grid feedback loop. 

70 

The last stage of amplifier 9 is a cathode follower V2B, 
and its output is fed to mixing amplifier 10. 

Referring to FIG. 3b, it will be seen that the output of 
cathode follower V1A is applied to amplifier 12 by an 
R.C. coupling, with the variable resistor R providing 
gain control. Amplifier 12 is identical to amplifier 9 ex 
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cept that an additional stage of amplification is used. 
The cathode follower output of amplifier 12 is fed to 
gate 13. 

Gate. 13, as shown in FIG. 3c, may take the form of a 
Well known four diode switch. The normally conducting 
diode bridge consisting of diodes V5A-B and V6A-B 
has a low resistance (about 100 ohms), and short circuits 
R2 which is of the order of 1 megohm. R1 is approxi 
mately 1 megohm also, and accordingly the output of the 
gate is reduced to one ten thousandths of the input. On 
the other hand, if the diodes are caused to be non-conduct 
ing, the output of the gate 13 will be one-half of the 
input. The diodes are rendered non-conducting by apply 
ing a large positive pulse to the cathodes of V6 and a 
simultaneous large negative pulse to the anodes of V5. 
These gate pulses are received from pulse generator 14. 

Mixer 10, to which the outputs of gate 3 and amplifier 
9 are applied, consists of a normal inverse feedback linear 
adder utilizing a single tube V7. Plate to grid feedback 
in V7 serves to reduce to a small value (e.g. 1,000 ohms) 
the input impedance of the tube seen at the grid. Thus 
the signals fed to the grid via isolating resistors R and 
R4 will add in linear fashion without interaction one upon 
the other. 

In the pulse generator 14 shown in FIG. 3d, tubes V10 
V11 form a normal screen coupled monostable phantas 
tron which is triggered from the output of a standard 
electrocardiograph amplifier. (EKG) applied to terminal 
15. Input tube V8 of pulse generator 14 is a self-biased 
diode limited. Positive pulses from the EKG cause V8 
to conduct and charge capacitor C11. This charge will 
partially leak away between pulses, but by choosing the 
time constant C11 R21 to be larged than the interval be 
tween pulse and the charging time constant CR11 to be 
of the same order as the duration of the pulse, a fairly 
steady charge is soon built up by C, which holds a 
steady bias on the diode, V8. Unless the voltage of an 
input pulse exceeds this bias value, there will be no output. 
The circuit can in this way be designed to respond only 
to the tips of the largest pulses to arrive, provided such 
pulses arrive in regular sequence, and after an equilibri 
um has been established. 
The pulses, passed by V8 are amplified and inverted 

by the tube V9 so as to be of a suitable size to trigger 
the phantastron V10-V11. The output of this phan 
tastron, taken at the screen of V1, is a positive going rec 
tangular pulse whose width is linearly proportional to 
the plate catching voltages determined by the setting of 
"Gate Delay Control” R22. This pulse is differentiated 
and passed to a second phantastron comprising tubes V12 

- and V13. This second phantastron, since it is sensitive 
only to negative trigger pulses, forms a pulse which starts 
When a pulse from the first phantastronis finishing. The 
pulse width of the second phantastron is controlled by 
the caught anode potential as determined by the setting of 
the "Gate Width. Control" R. It will be seen that the 
time lapse between an EKG pulse and a pulse from the 
second phantastron will depend on the pulse length of the 
first phantastron, and this is adjustable. This circuit there 
fore generates a pulse of predetermined length and of 
predetermined delay with respect to an EKG pulse. 
Tube V14A serves to improve the pulse shape of the 

Second phantastron while V.4B is a unity gain amplifier 
which merely inverts the pulse. The two anodes of V14A 
and V14B therefore produce a pulse pair in push pull, for 
turning off the diodes V5 and V6 of the gate 13. 
The detailed circuits which have just been described 

should be considered only as examples of the physical em 
bodiment of the invention, and it will be obvious to those 
skilled in the art that other circuits could be used. In 
the drawings, preferred tube types for the circuits dis 
closed have been indicated. 

If it is desired to detect only the murmur sounds, then 
amplifier 9 may be dispensed with. The system is the 
as shown in FIG.7. S. 
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4. 
A further alternative to the circuit shown in FIG. 3 

is shown in FIG. 4. Here the amplifier 9 is dispensed 
with and the output of amplifier 12 is fed to mixer 10 
as well as to gate 13. Summation of the outputs of am 
plifier 12 and gate 13 is performed by mixer 10 and thus 
a higher degree of amplification is obtained when gate 13 
is switched on. The output of this system contains all 
the heart sounds. The detailed circuits already described 
may be readily adapted to suit this alternative embodi 
ment. 

F.G. 5 illustrates an an alternative method of triggering 
the pulse generator controlling the gate 13. Instead of 
using the output of an electrocardiograph for this trigger 
ing, as in the embodiments thus far discussed, this circuit 
derives a trigger signal from heart sound amplifier 9. It 
will be seen that the circuit of FIG. 5 is similar to that 
of FIG. 3 except for the addition of trigger generator 17 
whose output feeds pulse generator 14. The detailed con 
struction of amplifiers, mixer and pulse generator have 
already been described with regard to FIG. 3. One form 
of the trigger generator 17 is shown in FIG. 5a. 

In FIG. 5a, the output of amplifier 9 is applied to tube 
V15A of the generator 17, this tube having a negative 
bias adjustable by means of “set sensitivity” resistor R, 
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and having a smoothing capacitor in the plate circuit. 
The output of amplifier 9 will always contain a pair of 
pulses relatively closely spaced, followed by a longer 
interval, corresponding to the heart sounds as described 
with reference to FIG. 1. These pairs of pulses derived 
from the first and second heart sounds will almost always 
be the largest pulses present. It will also be observed that 
the "pulses” just referred to may in fact be the envelope 
of a rapidly oscillating voltage. As a result of applying 
these pulses to the tube V35A, the tube will be alternately 
conducting and non-conducting and its output will be a 
pair of simple, negative going pulses. The anode of 
V.5A feeds a self-biased diode limiter V6, similar to 
V8 of pulse generator 14, except that the diode is in 
verted and the time constants are a little shorter. Assum 
ing equilibrium conditions to exist, the diode will be so 
biased as to accept only the tips of the large pulses cor 
responding to the first and second heart sounds. The 
input voltage to trigger generator 17 will be adjusted so 
as to be large enough to cause V15A to be saturated, 
thus causing V15A to act as a limiter: both output pulses 
applied to V16 will therefore be of the same amplitude. 
However, because the pulses come in rapid sequence, 
followed by a relatively longer quiet period, the circuit 
can, by Suitable choice of the time constant C. R., be 
made to respond only to the pulse corresponding to the 
first heart sound. The output from diode V16 is fed to 
the grid of amplifier triode Vi5B and the trigger pulses 
thereby generated in the plate of this tube are fed to 
pulse generator 14 which has already been described. By 
means of the circuit just described, the triggering pulses 
from the electrocardiograph have been replaced by trigger 
pulses derived from the output of amplifier 9. Suitable 
tube types have again been indicated on the drawings. 

It will be obvious from the last paragraph and from 
the previous description of FIG. 4, that a circuit such as 
that shown in FIG. 6 may be used. This embodiment is 
similar to that of FIG. 4 but the triggering pulses are 
derived from the output of amplifier 12 as described with 
relation to FIG.5. 
FIG. 8 shows a circuit similar to that of FIG. 7 except 

that the triggering pulses are derived from the output of 
amplifier 12 by means of the trigger generator 17 already. 
described. 

This application is a continuation-in-part of application 
Serial No. 561,571 filed January 26, 1956 (now aban 
doned). - 
I claim: - - - 

1. A method of detecting heart sounds characterized 
by periodic high intensity peaks and low intensity mur 
murs occurring in an interval between said peaks, com 
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prising electrically detecting and continuously amplifying 
said sounds by a first degree, generating an actuating sig 
nal in synchronism with said interval, amplifying said 
sounds by a second degree in response to said signal and 
only during said interval, said second degree being sub 
stantially higher than said first degree, and detecting the 
combined output of said amplification steps. 

2. A method of detecting heart sounds characterized 
by periodic high intensity peaks and low intensity mur 
murs occurring in an interval between said peaks, com- 10 
prising continuously electrically detecting said sounds, 

s 

6 
generating an actuating signal in synchronism with said 
interval, amplifying said sounds only in response to said 
signal and only during said interval, and detecting said 
amplified sounds. 
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