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If these signals were to be displayed directly upon an 
oscillographic recorder 19, 20, however, such as the phono 
cardiographic channel of the photographic Sanborn Twin 
Beam Cardiette, which is commonly employed in conven 
tional phonocardiography, operating with a time scale or 
rate of movement of the film 20 of about 3 inches per 
second, they could not be interpreted in accordance with 
the present invention. This is true for two principal 
reasons. In the first place, the oscillographic-recording 
equipment which would commonly be available for this 10 
purpose to a physician or physiological laboratory would 
normally have been designed primarily for conventional 
electrocardiographic or physiological work. The response 
of such oscillographic apparatus would thus be entirely 
too slow to handle the high-frequency signal components, 5 
corresponding to the high-frequency heart sounds, present 
on the magnetic tape, if that tape were to be played back 
at its original speed. Secondly, in order to be able to 
resolve small time intervals on the record to the precision 
or resolution demanded by the present invention, as later 20 
explained, the time scale or base of the oscillographic dis 
play would have to be expanded to something of the or 
der of 24 inches per second. 

If, however, it is desired to utilize this type of recording 
equipment, which, as before stated, is readily available to 25 
the physician or laboratory, the tape recording may be 
played back or reproduced by the reproducing head 3 
of the magnetic recorder-and-reproducer 5, 9, 13, at a 
much slower speed than the speed of recording, thus 
artificially to shift the entire frequency spectrum of the 30 
heart-sound tape recording downwards. As an illustra 
tion, if the original tape recording is taken with the re 
corder 5 operating at the before-mentioned speed of about 
15 inches per second, and is played back by the reproducer 
13 at a tape speed of 178 inches per second, all frequencies 35 
in the playback system will appear at approximately one 
eighth of the original recorded frequencies. Thus a rela 
tively slowly responding oscillographic recording instru 
ment 19, 20, which might have a 1,000 cycle pass band, 
would be rendered capable of recording frequencies up 40 
to approximately 8,000 cycles on the original recording. 
The reproduction of the recorded signals thus simulates 
their occurrence in a period of time longer than the actual 
time of their occurrence, thereby increasing the signal 
resolution. It is preferable that, in this transcription proc 
ess, the reproduced signals be again filtered, as at 15, in 
order to complete the rejection of the low frequencies 
which may not have been sufficiently accomplished by the 
initial high-pass filter 4. Further amplifying stages 17 
may also be employed. The further filter 15 may be 
made adjustable for providing maximum clarity and reso 
lution of the bursts of the heart-sound signals shown in 
the final record on the film 20. The use of such a further 
filter 15 in conjunction with the magnetic tape recorder 
5, 9, 13, furthermore, makes it possible to provide a 
number of oscillographic records of a particular heart 
sound recording, each covering a different portion of the 
audio spectrum, if desired. The availability of the heart 
sound signals on the magnetic tape makes it possible, 
moreover, to edit the tape and pick a suitable portion of 
the record containing only a few heart cycles for final 
transcription upon the oscillographic recorder 19, 20, 
without the use of an inordinate amount of photographic 
paper. 

If, on the other hand, a high-speed oscillographic re 
corder is available, the preselected high-frequency elec 
trical signals, corresponding to the high-frequency sounds 
associated with cardiac activity, may be directly displayed 
upon such a recorder. Thus, in FIG. 2, the film 20 of 
the high-speed recorder 19, 20 may be operated at, for 70 
example, 24 inches per second, to display the selected sig 
nals on an expanded time base. This serves the same 
purpose as the system of FIG. 1, though without the 
before-mentioned advantages of magnetic recording or 
other storage processes. While in the System of FIG. 1, 75 
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4. 
as before stated, the reproduction of the selected signals 
is effected in a period of time far longer than the actual 
time of occurrence of the signals, thereby. to provide a 
high degree of signal resolution, in the system of FIG. 2, 
the signals are displayed directly upon a more rapidly 
moving film, thus to achieve similar high signal resolu 
tion. 

It is to be understood that other types of displays 
than those herein-mentioned, including cathode-ray oscil 
loscopes and direct-writing oscillographs, may also be 
utilized in the systems of FIGS. 1 and 2, as may, other 
well-known recorders, reproducers or storage devices be 
employed in the system of FIG. 1. . . 
The discoveries underlying the present invention may 

perhaps be most strikingly illustrated through an analysis 
of novel information obtainable with the aid of a system 
designed in accordance with the present invention, but 
entirely unobtainable with the prior-art phonocardiograph 
Systems. In FIG. 3, a conventional phonocardiogram of 
a normal patient is reproduced, illustrating the well 
known low-frequency heart sounds below about 500 cycles 
per second that are presently recorded and used for 
diagnostic purposes. The first heart sound is shown com 
prising what appears as a continuous train of oscillations 
I and is believed to be associated with the closing of the 
mitral and tricuspid valves and the opening of the aortic 
and pulmonic valves of the heart, as discussed in the 
before-mentioned treatises. The second heart sound II, 
which also appears as a continuous train of oscillations, 
is believed to be associated with the closing of the aortic 
and pulmonic valves and the opening of the mitral and 
tricuspid valves. 

In order to establish the time sequence of the phono 
cardiogram, without the necessity for adding a second 
channel to the recorder, which, as previously stated, may 
be done, if desired, the before-mentioned timing signal, 
in the form of a sharp rectangular pulse triggered by the 
R-wave pulse I of FIG. 4 that is detected by the electro 
cardiograph 11, may be injected into the mixer 7. 

ln accordance with the present invention, the novel 
phonocardiogram of FIG. 5 is produced with, for exam 
ple, the system of FIG. 1, for the same patient whose 
conventional phonocardiogram is shown in FIG. 3. The 
timing signal is shown at a in FIG. 5, serving to identify 
the beginning of electrical systole of the cardiac cycle. 
With the benefit of this orientation, the first heart sound 
can now be properly identified and it is clearly shown 
to be constituted of spaced, separated, discrete, transient 
bursts of oscillations III and IV. The second heart sound 
is shown to be constituted of somewhat similar discrete, 
transient bursts V and VI. While a study of the con 
ventional low-frequency phonocardiogram would lead one 
to consider each of the heart sounds I and II as a con 
tinuum of oscillations, as discussed in the said treatises 
and as before mentioned, the apparatus of the present 
invention demonstrates that the heart sound I is actually 
composed of two distinct transient bursts III and IV, and 
the heart sound II, of two distinct transient bursts V and 
VI. This discovery is extremely useful for diagnostic 
purposes as later explained. 
The conventional phonocardiogram of a patient with 

a pathological heart condition is reproduced in FIG. 6. 
Nothing unusual can be seen in the first heart sound I. 
There can be seen a murmur represented by a train of 
oscillations VII following the first heart sound I. One 
cannot tell, however, whether this murmur starts with 
the closure of the mitral and tricuspid valves or whether 
it follows the opening of the aortic and pulmonic valves. 
In accordance with the present invention, on the other 
hand, the high-frequency phonocardiogram of FIG. 7 
shows murmurs constituted of two transient bursts VIII 
between the first two components III and IV of the first 
heart sound. This observation, which is entirely masked 
in the conventional low-frequency phonocardiogram of 
FIG. 6, suggests abnormality of closure of the mitral and 
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tricuspid valves. Similarly, a further series of bursts con 
tinues through systole at X in FIG. 7, the discrete tran 
sient nature of which is again not discernible in the con 
ventional phonocardiogram of FIG. 6. A diagnosis of 
in proper nitral or tricuspid valve action can thus be ob 
tained by observation of the discrete bursts Vils and IX 
of FIG. 7. This entirely masked in the low-frcquency 
heart-sound reproductions of FIG. 6 where it is impos 

5 

of other pathological conditions. 

sible to determine whether the murmur. VII stated upon 
the closure of the mitral and tricuspid valves or with the 
opening of the aortic and pulmonic valves. The present 
invention, therefore, among other things, permits the 
physician to determine which valves are innproperly oper 

, ating. 
Another example of heart pathology that is detectable 

by means of the present invention is illustrated by con 
trasting FIGS. 8 and 9. In FIG. 8, the conventional 
phonocardiogram of a patient suffering from rheumatic 
litic: tirt disease is illustrated. Ifrom the conventionai phono 
cardiogram it can only be stated that there is a first heart 
sound which is divited into two connected groupings IA 
and iB, but there is no distinct division therebetween, and 
there is insufficient clarity of the baseline to draw any 
conclusions as to what may or may not exist therebetween. 
A systolic murmur of low amplitude trails off the first 
heart sound at b and persists through most of systole. 
A distinct second heart sound is visible at il, and a short 
interval thereafter, a so-called opening snap of the nitral 
valve is distinctly recorded at c. Following the opening 
Snap c, however, there is present a diastolic murmur d 
which becomes minimal a short interval prior to the 
beginning of the first heart sound of the next cycle, not 
shown. From this conventional phonocardiogram of 
FIG. 8, the only conclusion that can be drawn is that 
the patient may be suffering from mitral stenosis which 
is characteristic of the distinct opening Snap c of the mi 
tral valve and the diastolic murmur (d. Due to the fact 
that this particular patient had auricular fibrillation, a 
presystolic accentuation of the murmur in diastole, which 
generally is present in this type of heart disease, is not 
present. 

Turning, on the other hand, to FIG. 9, which shows 
the novel phonocardiogram of the present invention, taken 
upon the same patient, it is evident that in the region of 
the first connoticnt ill of the first in 2: it sound therc arc 
a considcrable num her of transient i bursts f which are 
entirely masked in the conventional phonocardiogram of 
FIG. 8. These bursts f indicate in proper operation of 
the mitral valve with probable insufficiency. The second 
component IV of the first heart sound is followed by a 
plurality of further bursts in, again indicating fluttering of 
the mitral or tricuspid valves. The second heart sound 
components V and VI are very noticeably prolonged, in 
dicating further improper action of the valves. A snap 
ping effect due to mitral valve closure appears to be indi 
cated by a series of high-frequency transient bursts c', 
demonstrating faulty closure of that valve. It has been 
found that in the case of mitral stenosis, as contrasted 
with the normal operating nitral valve, these high-fre 
quency transients c' are characteristically observed clini 
cally. Following the transient burst c' is a phenomenon 
that is also not at all discernible in the normal phono 
cardiogram of FIG. 8, namely, a plurality of substantially 
uniformly spaced transient bursts or flutters, representing 
subsequent fluttering operation of the mitral valve as 
shown at i, j, k, l and m. This enables a definite diag 
nosis of the valve action. 

It is thus evident that, by eliminating the masking low 
frequency sounds of the conventional phonocardiogram, 
and by presenting, instead, the high-frequency sounds 
above about 500 cycles on a display with sufficient signal 
resolution to separate the components of the first and sec 
'ond heart sounds, which as before stated, have previously 
been believed o ogcur-in a continuum: diagnostic informa 
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6 
tion can be obtained that is entirely unattainable with con 
ventional phonocardiograms. The oscillograms of FIGS. 
7 and 9, are, of course, but two illustrations of pathological 
conditions that may be detected through the use of the 
present invention, and it is to be understood that the pres 
ent invention may similarly cast light on a large variety 

In all cases, the im 
portant result is that the high-frequency sounds are dis 
played in their transient separated-burst character and are 
thus available for diagnostic interpretation. 
A preferred time resolution of the order of 1 millisec 

one or less was employed in the phonocardiograms of 
FIGS. 5, 7 and 9. As before stated, this cannot be at 
tained through the utilization of customary phonocardio 
graphic paper speeds, such as 3 inches per second, but, 
rather, through the expanded trace or time base of FIGS. 
5, 7 and 9. This expansion is approximately eight times 
the time duration of the time bases of FIGS. 3, 6 and 8. 
In the System of FIG. 1, this expansion is achieved by a re 
producing-to-recording speed ratio of about one-to-eight, 
though ratios of between about 1/4 and 1/10 may be em 
ployed for some purposes. In FIG. 2, the high-speed 
oscillographic recorder 19' may operate with a speed of 
about twenty-four inches per second to produce similar 
expansion and signal resolution, as previously explained. 
The apparatus utilized in producing the phonocardiograms 
reproduced in FIGS. 5, 7 and 9 employed the Sanborn 
Company equipments before mentioned in connection with 
the System of FIG, 1. That apparatus had a maximum 
over-all response near 1500 cycles and an over-all fre 
quency response that provided about 10 decibels of at 
tenuation below this maximum response at about 800 cy 
cles, 25 decibels of attenuation at 500 cycles, and rapidly 
increasing attenuation there-below. Useful information 
of the character above described in the range including 
the frequencies within from about 800 to 1800 cycles has 
been obtained, and still higher frequency components have 
also been utilized, 

Further modifications will occur to those skilled in the 
art and all such are considered to fall within the spirit and 
Scope of the invention as defined in the appended claims. 
What is claimed is: 
1. A method of diagnosing the functioning of the heart 

that comprises transducing the sounds associated with 
cardiac activity into electrical signals having a relatively 
low intensity high frequency component of frequencies 
above substantially 500 cycles per second and including 
frequencies in the range of from substantially 800 to sub 
stantially 1800 cycles per second and a relatively high in 
tensity low frequency component of frequencies below 
500 cycles per second masking the low intensity high fre 
quency component, filtering said electrical signals to re 
move said high intensity low frequency component and re 
tain said low intensity high frequency component, thereby 
un masking said low intensity high frequency component, 
and producing an output corresponding to the retained un 
masked low intensity high frequency component as an 
amplitude-versus-time transient wave having sufficient 
resolution to separate each of the portions thereof corre 
Sponding to the first and second heart sounds, for normal 
heart function, into first and second separated bursts of 
transient oscillations. 

2. The method as in claim 1 in which the step of produc 
ing an output comprises the steps of magnetically record 
ing the retained unmasked low intensity high frequency 
component at a predetermined recording speed and mag 
netically reproducing the recorded signals at a slower speed 
to provide said sufficient resolution. 

3. Apparatus for diagnosing the functioning of the 
heart that comprises means for transducing the sounds as 
sociated with cardiac activity into electrical signals hav. 
ing a relatively low intensity high frequency component 
of frequencies above substantially 500 cycles per second 
and including frequencies in the range of from substan 
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tially 800 to substantially 1800 cycles per second and a 
relatively high intensity low frequency component of fre 
quencies below 500 cycles per second masking the low in 
tensity high frequency component, means for filtering said 
electrical signals to remove said high intensity low fre 
quency component and retain said low intensity high fre 
quency component, thereby unmasking said low intensity 
high frequency component, means for substantially simul 
taneously detecting the electrical potentials corresponding 
to the R-wave of an electro-cardiogram, means for pro 
ducing a timing signal corresponding to said R-wave elec 
trical potential, means for combining the timing signal 
with the retained unmasked low intensity high frequency 
component, and means for producing a permanent record 
displaying the combined retained unmasked low intensity 
high frequency component and timing signal as an annpli 
tude-versus-time transient wave having sufficient resolution 
to separate each of the portions thereof corresponding to 
the first and second heart sounds, for normal heart func 
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tion, into first and second separated bursts of transient 
oscillations. 
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