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' INTRODUGTION.




INTRODUCTION.

The history of graphic recording of the heart sounds
already spreads over nearly a century, but, even yet, this
valuablé ad junct to cardiovascular investigation is in the
experimental stage. As late as 1940, experienced
investigators in this field, such as Boyers, Ecksteln and
Wiggers (4), wrote "The day has not yet arrived when heart
sounds can be recorded routinely through simple manoeuvres
as in the case of making electro-cardiograms"; and also,
"In view of the astounding changes in the configurations
and vibrations of sounds which are produced by even slight
changes in technique, it 1s improbable that the repeated

records from patients will prove to be of much diagnostic

or prognostic importance for the cliniclans or practitioners

of medicine", It is the purpose of this thesis to describe
and discuss a method which, though not so simple as an

electro~-cardiogram, yet has been, and can be, of clinical

value for routine use where doubt exists or extra informetion

1s desired with regard to the vibrations produced by the
heart, and to discuss certain aspects which have arisen

during the investigation.
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HISTORIGAL:




CHAPTER 1.

The earliest recorded attempt at a graphic registration
of the heart sounds was by Donders (11) in 1856. His method
was revised by Martius (31) in 1888, and consisted essentially
of beating the time of the sounds on a receiving tambour and
recording the movements by means of.a lever. Hurthle (24),
in 1893, was the first investigator to succeed in registering
the actual vibrations produced. His method was elaborate
and clumsy. A stethoscope carrled the sounds to a
resonance apperatus amplifylng the vibrations, the enlarged
vibrations acted oh the handle of a wooden tuning fork which
in turn excited a microphone, which set in motion an electro-
magnetic signsl apparatus, and the movements were transferred
to the pantograph of Marey and reglstered. The following
year, 1894, Einthoven and Geluk (13) experimented with a
much simplified apparatus. A stethoscope on the chest
transferred the vibrations by means of rubber tubing, to a
microphone which excited a caplllary electrometer, the
movements of which were recorded on a moving photographic
plate. In 1895, Holowinski (23) employed a similar
apparatus, but used as a recording medium the "optical
telephone", which depended on the interference rings of
Newton, the changes in which were photographed. Einthoven
(14), in 1903, introduced the string galvenometer, and in
1907 reported its use in phonocardiography. This method,

in essentials, has been the pattern of all succeeding



electrical methods.

At this time there was an increase of interest in
heart sound recording and, in view of difficultles with
electrical devices attempts were made to produce a "direct"
method. Marbe (32) in 19207, and Roos (40) in 1908,
transferred the osclllations of a tambour activated by
heart sounds to a gas flame of great sensitivity and, by
passing a paper through the sooty flame, recorded the sounds
on the paper. During the same years Frank and Hess (19)
were experimenting along somewhat similar lines and devisged
the Frank's capsule, which hasg been the predecessor of all
the direct methods since that date.

The apparatus devised by Einthoven was used virtually
unchanged for almost two decades by many prominent
investigators in studylng various aspects of heart sounds
and their changes. Among them were Khan (26), Eyster (16),.
Fahr (17) and Lewis (28). Improvement in electrical methods
developed concurrently with the advance in the knowledge of
electronics. In 1916, S.G. Brown (6) introduced a telephone
stethoscope which amplified the heart sounds sixty times by
passing the currents through a telephone relay, from which
he made gremophone records. In 1921, H.B. Wiliiams (47)
devised an electromagnetic transmitter and two stages of
electrical amplification to record a cardisc murmur. At
the same time Squier (42) amplified the sounds and reproduced

them on a loud speaker. Two years later Myres (34) drewattentim



to the newly developed vacuum or audlon tube, and announced
1t as the beginning of a microscope fér the ear; and in
1923 R.Ce. Cabot (9) announced the development of the
electrical amplifying stethoscope designed by the Western
Rlectric Company in New York. |

In 1924, Gamble and Replogle (20), and Jacobson (25),
separately lntroduced the electric filter in modifying
heart sounds, but did not pursue this aspect to any great
extent, but Mannheimer (33) in Sweden has studied extensively
the variation in selective recordinge. The instrument of
this naturé which has been most extensively employed has
been the Electro~ stethograph designed and bulilt by M.L.
Lockhart (29) in 1938. He used three acoustic filters and
varying sizes of éhest pileces to vary the frequency band
recorded. This instrument has the advantage of being
portable. Among others it has been used by Bierring,
Bone and Lockhart (2), and McKee (35). An important work
employing electrical methods was published by Rappeport and
Sprague (39) in 1941. Evans (15) reverted to the original
Einthoven method. Luisada (30) has contributed widely to
the literature. The recording device with all methods has
been a moving photographic plate, but some investigators
have discussed the use of the Argon or Kathode ray tube
as first described by Asher (1) in 1932 and later by Colvin

and Steinbach (10), Boone (3), and Kountz, Glbson and
Smith (27).



The direct method has also been extensively used and
developed. The basis of all the instruments has been Frank's
capsule, with modifications in the capsule and membrane,
refinements in the recording mechanism, the attempted
elimination of extraneous sounds, and the introduction of
devices for the amplification of the vibrations. Weiss (45),
Weiss and Joachim (46), Hofbauer and Weiss (22), Gerhartz
(21), Bull (7), Van Zwaluenberg and Agnew (44), and Ohm (36),
were early workers with this type of apparatus and published
results between 1908 and 1912. These results, however,
were only wilth selected cases and were variable and
confusing.

The theory and practice of dlrect methods was studied
by Wiggers and Dean (48), in 1917. They improved Frank's
capsule by devising a membrane of rubber cement, and, by
using a very small mirror attached to its surface, rendered
it much more sensitive. They also enclosed the entire
capsule in a housing with a glass window, thus diminishing
the effect of external sounds, and adopted the Einthoven
method of eliminating chest movements of respiration and
apex beat by means of an adjustable ﬁalve, opening iIn the
collecting tube. The results produced by these
modifications compared favourably with those of the
electrical methods available at that date, and the
apparatus was in routine use by the same authors for

twenty years, but even with those improvements it was



still unsatisfactory in that adventitious sounds prevented
ciear recording. The workers with this apparatus have
been principally South American, and published results
between 1935 and 1937. They were:- Taquini and Braun
_Menéndez (43), Braun Menendez and Soleri (5), and Caeiro
and Orias (8). Sacks, Marquls and Blumenthal (41)
combined electrical and direct methods by using a crystal
microphone, a three stage amplifier, and an output
recelver connected to a Wiggers - Dean type of segment
capsule, but proceeded no further with a very complicated
apparatus. Orias (37), increased the sensitivity of the
capsule by means of slacker membranes and larger receivers,
but markedly reduced the frequency response. Eckstein
(12), eliminated adventitious sounds by increasing the
frequency of the membrane to 350 or more cycles per second,
either by vulcenising the membrane or enlarging the side
tube opening to the air. He made even thinner mirroras to
increase sensitivity, and a slightly different reflecting
recording mechanism. 1In 1939, Orias and Braun Ménéndez
(38), published an extensive monograph on various aspects
of heart sounds and murmurs using direct methods. At
the same time Boyer, Eckstein and Wiggers (4), studied the
changes in the records produced by capsules of varying
frequency response, showing pictures comparable with those
of the filtered electrical methods.
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CHAPTER 2.

During early attempts to establish the clinlical value,
apart from experimental value and limitations of wvarious
machines, it became apparent that recordings by different
types of instruments presented varying pictures, not only
due to imperfections, but also due to the intrinsic
frequency response of each individual instrument, a
factor which early investigators have tended to disregard.
It became obvious that if comparable results were to be
obtained by different workers, either some standard of
comparison must be laid down and the present confusion of
individually influenced recordings and interpretations
eliminated, or an instrument devised which produces
different plctures of a series of frequency response
ranges reducing this error to a practical minimum. It
should then be possible to build up a widely acknowledged
series of patterns associsted with distinect lesions.

The purpose of the present work was to devise and
test the efficiency of such an instrument.

The advantages and dilsadvantages of the direct and
electrical methods were considered. From experimental
work, and from the records of previous workers, it was
declided that the eledtrical methods offered the greater
efflciency for routine use. All direct methods have
certain fundamental disadvantages. With regard to the

capsule, considerable experience is required for their



efficient manufacture. Bach membrane has a véry limited
life, although recently Arrhigi (1), introduced a new
membrane composed of elastic coilodion, wrinkled to make
it more sensitive, snd said to last for some years. Each
has a varying frequency response of its own, ana in
addition the frequency response of each individusl
membrane 1s a variagble as it grows older.

Ampliflcation of the vibrations is limited by the distance
through which light beams can be satisfactorily concentrated,
and in many cases 1ls not sufficient. This difficulty led
to the elaborate apparstus devised by Sacks, Marquis and
Blumenthal (6). Even with improvement, the impact of
extraneous sounds easily influences the membrane and
relatively soundproof surroundings are necessary. The
elimingtion of chest wall and apex impulse vibrations 1is
an added and troublesome adjustment for each individual
case, and finally, the recording mechenism is intricate

in its application. Thus, though valuable as an
experimental laboratory method, direct recording is
conslidered to be inferior to the electrical for routine
use.

Rappaport and Sprague (5), have discussed the
properties of the various component parts of an electric
recording system. The piezoelectric crystal microphone //
1s the most efficlent and robust type available. It is
inherently free from noise, 1s small and light, the output



level high, and the fundamental frequency of the crystal
approximately 10,000 cycles per second. It is superior
to the carbon granule microphone of Einthoven, the electro-
magnetic microphone, Williams (10), that of Sell (7), and
the condenser microphone, Trendelenberg (9).

Varying types of filters were then considered.
There was no difference in their efficlency as filters,
but the use of acoustic filters necesslitated several
microphones or detachable bells, and the comparison of
this inconvenience with the simple turning of a switch
of an electrical filter system made the latter desirable.
The amplifier visualised was a standard audion tube
amplifier of a similar basic design to that used by
Rappaport and Sprague, Lockhart and others,with a series
of two or more electrical filters inserted in the circuit.
It was fortunate that, at this time, a sultable apparatus
became easily available in the form of a standard type of
Jahplifying stethoscope. Incorporated in the amplifier
are two electrical filters, one a high pass filter and the
other a low pass filter. A third recording can be made
when no filter is in use, giving an unfiltered
phonocardiogram. The frequency response and output are

summarised in the following graph:-
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The problem of a recording mechanism was’solved by
connecting the output lead from the amplifier to the
terminals of the string galvanometer of the standard
static model Cambridge elecﬁrocardiograph, and taking
records with a taut and therefore aperiodlic fibre.

Recent developments in the microphone have evolved
three main types of instrument, and it is necessary to
review briefly the properties of the phonocardiographs
produced by these microphones.

Linear Phonocardiographs:

These record cardiac vibrations as they exlist at the
surface of the chest, without selective amplification or
attenuation, from a frequency approaching zero to that
approaching the upper limit of audibility (0 - 10,000
cycles per second). The recorded amplitude of any
vibration 1s directly proportional to its intensity at
the chest wall. The frequency response characteristics
can be graphically represented as a horizontal line with
en abcisse of frequency range and with an ordinate of %
response. Briefly, it is a record of the intensity of

sounds produced at the chest wall over a fixed frequency

range.

In Linear Phonocardiograms the large amplitude very
low frequency, inaudible, or barely audible vibrations so
domlinate the picture that the much less intense high

frequency vibrations are very poorly recorded or not



recorded at all. The records thus obtained are equlvalent
to an apical sphygmogram, the cardiogram of Rappaport and
Sprague (5), or approximately to the vibriocardiogram of
Kountz and his co-workers (2).

The lack of the selective high frequency amplification
characteristic of human hearing, makes the linear
phonocardiograph impracticable for general clinicel use.

It is occasionally of value in distingulshing the “épening
snap of the mitral valve” from a third heart sound as was
shown by Taqulni, Massell and Walsh (8).

The Logarithmic Phonocardiograms

This instrument, designed by Rappaport and Sprague,
greatly attenuates low frequency components and inténsifies
the higher range. They noted that the normasl human
avdiogram spproximated to a logarithmic curve, or, more
simply, that the human hearing mechanism distorts the
sounds which are transmitted to the tympanum of the ear
by the stethoscope in such a way that with rising pitch
there 1s a great increase in the ease with which the sounds
are appreclated. Briefly, this method records the sounds
as they are perceived by the average observer of nofmal
hearing.

Thus the relatively high frequency components of
cardiad murmurs are well recorded, but often at a loss of
low frequency components of heart sounds and murmurs which

provide valuable information. For example, auricular



vibrations, the third sound, and mitral diastolic murmurs
from Which high frequency components are absent, may not
be(ﬁiéualiéga;} In order to make possible a minute
ana1;;;;“;£ heart sounds, the reglstration of alllv1brations
is necessary, and it would appear illogical to impose on
such a reglstration the limitations of human hearing.

If the phonocardiograph is to be considered as
something more than an instrument for timing sudible
cardiac murmurs, then the logarithmic phonocardiograph

i1s not, by itself, a satisfactory instrument.
The Stethoscopic Phonocardiograph:

In an instrument of this description the graph of
the frequency response characteri;tics is a curve, the
recorded amplitude of vibrations of the same intensity
rising with frequency. The tracing obtained approximates
to a record of the cardiac vibrations as they are presented
to the observer by the average acoustic stethoscope.

In recordings there is, thus, some attenuation of the
low frequency elements, but they remain prominent and in
many cases to a degree which does not permit the recording
of the softer high pitched murmurs at an amplitude adequate
for recognition. Nevertheless, the stethoscopilc
phonocardiograph is probably the least unsatisfactory of
those providing a single recording, in that the tracing
does show fairly well both the lower frequenéy elements

of the cardiac sounds and the higher vibrations of the murmurs.



The Value of Simple Callibrated Phonocardiography:

Apart from the difficulties already dlscussed with
regard to the variable frequencles of individual
instruments, the interference of extraneous sounds, and
. the interference of chest wall movements, there are other
factors involved. The degree of low frequency attenuation
can be made to vary with alteration in the microphone
housings and aperture, as was well demonstrated by Lockhart
(3), in his description of the Stethograph in which different
microphone housings served as acoustic filters. Variation
in the sigze of stethoscope bell can alter records by changes
in the natural period of the contained skin diaphragm,
Rappaport and Sprague (5), and in the same way, differing
pressures of the microphone on the chest wall can produce
conslderable change. It would appear, therefore, that any
single traeing cannot satisfactorily record all possible
cardiac vibrations of clinical interest, and that any series
of records cannot be compared with these taken elsewhere,
unless by an instrument of identical characteristics.

Rappaport and Sprague (5), suggest the recording of
linear, stethoscopic and logarithmic phonocardiograms
from each case. Apart from the tedious nature of the
examination, by this method differences in frequency
characteristics of the instruments again would make
comparisons difficult - e.ge., in the proportion of cases

in which the third sound is visible and in the timing of



the moment of murmurs, and 1s still liable to the

variasbles discussed above. The solution would appear

to be the utilising of various "wave bands"; calibrated
phonocardiography, first adequately discussed by Mannheimer
(4). He selected a series of six overlapping frequency
bands covering the range from twenty six cycles per second
to one thousand cycles per second. His instrument and
methods are too complicated for general use and are likely
to remain in the hands of the research worker.

Returning to the instrument used in this present work,
the exact frequency characteristics of the instrument
itself are not important, since by the use of low pass
and high pass electrical filters two further records can
be obtained. One is of a low frequency band virtually
eliminating all vibrations above one hundred and twenty
cycles per second, the other a high frequency band
elimihating all vibrations below one hundred and forty

cycles per second.
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CHAPTER 3.

There have been varying results reached by different
authors in the mattef of values for the frequencles of heart
sounds and murmurs. The explanation for the difference of
opinion is probably the fact stressed before, that the
varying frequency response characteristics of their
ingtruments have registered but a part, not the whole, of
the frequency range within which the sound phendmena of
the heart extend. |

Williams and Dodge (38), found that practically all the
energy in the normal heart sounds is distributed throughout
frequencies below 110 cycles per second. Cabot and Dodge
(4) noted that while presystolic murmurs contain components
up to 400 cycles per second, thelr frequency, for the most
part, lies below 140 cycles per second, and McKee (21)
states that the frequency of the vibrations of the diastolic
and presystollic murmurs of mitral stenosls are mainly less
than 120 cycles per second. Cabot and Dodge (4) have also
shown that while some murmurs have important components
below 120 cycles per second, and others are composed of
relatively high frequency components, &s a class systolic
and diastolic murmurs possess frequencles within the range
120 - 660 cyéles per second.

The frequency bands chosen introduce a convenient
separation of components of the cardiac vibrations into "low"

and "high"™ frequencies, making interpretation of



the phonocardiogram less difficult, and indicating the
presence or absence of important low frequency components
of murmurs. Whatever the 1ikely degree of attenuation of
the low frequency components of murmurs, heart sounds, or
auricular vibrations in the unfiltered phonocardiogram,
they are easily recorded at suitable amplitude in the low
frequency band, in the absence of all high frequency
vibrations. Similarly, in the band embracing frequencles
greater than 140 cycles per second, the predominantly
higher frequency of most systolic murmurs and dlastollc
murmurs not of mitral origin, allow them to be recorded

at sultable amplitude uninfluenced by the high intensity,
low frequency heart sounds, or by extraneous low frequency
vibrations.

No attempt was made to assess quantitatively the
intensity of the various recorded wibrations. This has
been done by Mannheimer (19), but his method, employing
tube osclllastors, is too complicated for general use.

In any case it is very doubtful 1f the various sound
vibrations perceptible at the chest wall bear any constant
reletionship, even in the individual, to the same vibrations
at thelr source in the heart.

A correlating timing device was considered to be
necessary. In the past, various features of cardio-
vascuiar Aynamics have been utilised. The correlation of

cardiac sounds with the electrocardiograph has been most



extensively pursued, among many workers being Kahn (14),
Bull (3), Fahr (8), Sands (3l), Lewls (15), Wiggers (37),
Duchosal (6), Routier and Tavecchi (29), Orias (23), Orias
and Braun Menéndez (24), Evans (7), and Luisada (17).

The Phlebogram was described early and agaln extensively
investigated,and incorporated as s gimultaneous record in
many routine studies.

A peripheral pulse traeing - particularly of the
carotid artery, the apex cardiogram, the internal
pneumocardiogram, and the oesophagogram have all been used.

The methods of recording these events, on the whole,
resemble the instruments devised for phonocardiography,
wlth both direct and electrical recordings being produced.
Between 1865 and 1902, the early workers with venous pulse
tracings devised systems of tambours and levers, Freildreich
(12), Potain (26), Wenéhébach (34), and MacKenzie {20),
Later the Frank's capsule proved of value, Frank (9),
Wiggers and Dean (37), Caeiro and Orias (5), Orias and
Braun Menéndez (24). A direct method was evolved by
Parkinson (25), in 1915, by placing the patient between a
light source and the recording medium. A recent and
efficient type of apparatus utilises a suction chamber
applicator fastened to the patient's skin and records the
changes of pressure in the chamber by means of a linear
microphone, and by using a galvanometer, registers

photographically after passing through an amplifier in



the usual way, Miller and White (22).

The carotid pulse tracing was investigated by means
of systems of levers and tambours by Harey (18), in 1881,
by Frey (1l1l), and Jaquet (13). Frank's capsule and
photographic recording rendered these methods obsolescent,
Frank and Petter (10), Wiggers (36), Orias snd Braun Menéndez
(24). The most recent device is a combination of pneumatic
cuff, differential capsule, and crystal microphone, Rappaport
and Luisada (28), Luisada (17).

The apex cardiogram has been recorded by methods
exactly similar to those used for the Phlebogram, by
tambours, Marey (18), by spring and button, Jaquet (13),
and by Frank's capsule, Weitz (35), and Weber (33). Later
the crystal microphone and the apparatus described ébove
was utilised, Rappaport and Sprague (27), Miller and White
(22), and Luisada (17.)

In 1936 the internal pneumogram was investigated by
Braun Mengndez and Veyoda (2). Luisada (16), devised a
modern electrical method. He curtalled the intensity of
the respiratory sounds by means of an electrical filter.

The linear microphone was connected to a tube inserted into
the patient's nostril, and the changes in intrathoracic
pressure caused by cardiac action were recorded.

The oesophagogram was recorded with direct methods by
Braun Menéndez and Orias (1), in 1935, and Taquini (32).

The carotid pulse, venous pulse, apex cardiogram,



pneumocardiogram and oesophagocardiogram tracings have
certain disadvantages in common. An apparatus which is
difficult to acquire and often expensive is necessary.

The technical operation of the apparatus 1s not a simple
procedure. In each type there can be wide variation in
an individual tracing, and a separate and difficult stuwdy
with conslderable experience 1s necessary for accurate
Interpretation. The oesophagﬁgram is technically
impossible in a routine examination. The carotid pulse
has the added dissdvantage of giving no information about
events in diastole. The venous pulse is liable to a delay
of the wave tracing as compared with the mechanical events

in the heart, as well as possessing variations in its form.

The pneumocardiogram has considerable technical difficulties,

and the varlables in recording are not fully recognised.
The apex cardiogram gives information of events in diastole
and, though much variation in individual records occur, it
is probably the most valuable of these correlating devices.
In this investigation it was decided that for routine
purposes the electrocardiograph would be used. The
apparatus was easily available, and its operation simple
and non-disturbing even to the most anxious patient. The
investigation was primaerily of murmurs, the concern with the
cardlac sounds themselves being only in association with the
murmurs. It was recognised that in the use of the

electrocardiograph there were limitations, since there was



no constaht time relationship with the sounds on which
reliance could be placed, and that it provided no information
as to events in diastole, apart from a rough guide to
auriculer systole. The view taken was that the
electrocardiograph would indicate the position of the two
main heart sounds in 2 tracing, so preventing confusioén.

of these two sounds, and that correlation of murmurs would

be directly to the heart sounds themselves and not to any
simultaneously recorded timing device.

For similar reasons a time-marker was considered to be
unnece ssary. The superimposing of time-marker lines over
the tracings led to confusion, and it was difficult to
eliminate the reguler action produced by this device as
a possible source of interference either in mechanically
produced vibrations or in electrical discharge.
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CHAPTER 4.

The phonocardiographic duration of the normal heart
sounds have been recorded by various workers with very
divergent results, which have been summarised and discussed
by Orias and Braun Menendez (3), Kountz, Gibson and Smith
(1), Rappaport and Sprague (4), and Luisada, Mendoza and

Alimurung (2). These divergent results agein were due to
the varisble frequency response characteristics of the
instruments used, good low frequency amplification
resulting in a lengthening of the recorded vibrations.

In records from thirty normasl subjects, the length
of the heart sounds recorded in the low frequency band
approximated to those of the Vibriogram (Kountz et al),
and in the unfiltered phonocardiogrem to the stethoscopic
phonocardiogram (Rappaport and Sprague). The high
frequency band, eliminating all fregquencies below one
hundred and forty cycles per second, registers durations
of vlibrations rather shorter than those of the logarithmic
phonocardiogram (Rappaport and Sprague). In both the
unfiltered phonocardiogram and the low frequency band,
in some cases, it has been impossible to define accurately
the exact moment of onset of the first sound and its
duration. This is due to indefinite low frequency, low
amplitude vibrations of residual auricular origin, and the

coarse final vibrations of the ventriculer ejection phase.




In the high frequency band record, however, the position
of the first heart sound is often recorded by relatively
sharply defined high pitched overtones of the second phase,
or second and third components of the first sound. The
third component is said to represent the opening of the
semilunar valves, thus showing the moment of inlitlation
of dynamic ventricular contraction, and this record has
proved most useful in timing systolic murmurs. The
gecond component, indicating, as it does, the moment of
closure of the auriculo-ventricular valves, provides a
ugeful indicatlon of the end of auriculo-ventricular
blood flow. Using this second component, as reglstering
in the high frequency band, considerable variation is found
in its moment of onset in relation to the electrocardiograph.
Records were snalysed of the high frequency band taken
from the apex in forty cases where no possibly confusing
presystolic or very early systolic murmur was present.
It was found that, with one exception, the onset of the
first sound fell within the time of occurrence of the Q.R.S.
complex, varying from 0.0l to O.ll seconds after the
beginning of the Q.R.S. complex. In six cases the moment
of initiation occurred during ﬁhe Q wave or the upstroke
of the R wave, but in the great majority itvoccurred with
the downstroke of R, or during the S wave. In the exception
mentioned, the first gound began 0.02 seconds after the

termination of the Q.R.S. complex. Slight variations were



found also from complex to complex in the same record,
whether cardiac or technical in origin it was not possible
to determine. A consideration of the many variables,
including the length of the Q.R.S. complex and the cardisac
rate, made it obvious that any more detailed anslysis was
unjustifiable. It does, however, seem reasonable to
state that no point on the Q.R.S. of the electrocardliogram
can be shown to bear any constant simple relationship in time
to the first heart sound, and, therefore, that the timing
of murmurs in relation to ventricular systole by reference
to the electrocardiogram cannot be more than approximate.
The second heart sound cannot be more then approximately
related to the T wave of the electrocardiogram. In the
forty records studied, it wvaried from a position at the
apex of the T wave to 0.9 seconds after the end of the T
wave. Its position bore no recognisable relationship to
cardiac rate. Frequently the exact definition of the
second sound in time is difficult, and here again it was
found that the high frequency band may register the position
by sharply defined, high pitched harmonics derived from the
second phase, or semilunar valvular components, often giving
a narrowly split appearance. This was found to be
convenient in defining thepositionof the second sound, and,
therefore, of great aid in the timing of diastolic murmurs.
The apparatus was simple to operate, end the average

time taken for an exemination was ten minutes. The routine




could be carried out by a technician following the
physician's instructions regarding the features to be
elicited, and concerning the areas of the chest from which
records were to be taken.

Records were taken as a routine from the apical region
and base of the heart in areas where ausculation showed the
loudest sounds. Thus there were three records at each
area, (1) a low frequency record, (2) an unfiltered
phonocardiogram, and (3) a high frequency record. In
certain cases further photographs were taken at sultable
areas, e.g., where a doubtful aortic diastolic murmur was
to be elicited, the microphone was placed in the region

of the third left costal cartilage.
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CHAPTER S.

The abnormalitles of cardiac sounds and murmurs in
mitral stenosis have been the subject of discussion since
the early days of auscultation. The clinicians of that
time were acute in thelr observations, and accurate in
the interpretation of such abnormalities. There have
been numerous studies in the past, but many have confined
themselves to particular points of controversy. It 1s
thought that a correlation and illustration of the development
of mitral stenosls, and of the considerable variations and
combinations of sounds and murmurs which can occur would be
of value, 1in addition to the critical analysls of a series
of eighty cases.

THE DEVELOPMENT OF MITRAL STENOSIS:

It is necessary to deal, first of all, with the stage
of acute carditls, and with the systolic murmur which may
then occur. There would appear to be two types of this
murmur according to McKee (3), one of which is similar to
the functional or innocent murmur, and probably either
myocardial in origin or a previous "functional® murmur, the
other gimilar to that of mitral incompetsnce. It is not
possible to determine whether the mitral incompetence is
relative br i1s a true incompetence at this stage. It is
also well recognised that both these murmurs may disappear

as the acute carditls subsides, and by themselves are




evidence only of the acute inflammatory process. The
phonocardiograph can confirm that the murmur is of either
functional or wvalvular nature, but cannot distingulsh
between relative and true incompetence at this stage,
(vide infra), though the amplitude and wide frequency
range may suggest a true incompetence. But it may be
stated that in every case in which stenoslis 1s to develop
there is initially present g systolic murmur almost
invarisbly having the characteristics of a mitral
incompetence, to remein or disappear later.

The first evidence of stenosls necegsarily appears
in the diastolic phase. A systolic murmur of mitral
stenosis, Evans (2), does not occur. This initial change
is prominence of the third sound, prominence not only in
amplitude but in increase in the number of vibrations from
the normal 1-3 to 4-6. A murmur of this type has been
stated to disappear with healing, Bland, White and Jones
(1), though this has not yet been recorded on a
phonocardiograph. Progression of the stenosls is first
shown by an increase in the number of vibrations following
the third sound forming a "mid-disstolic" murmur, which
characteristically is of very low frequency and of low
amplitudé. Similar low frequency vibrations appear during
the auriculo-systoli¢ phase and extend to joln with the
"mid-diastolic” murmur. Thus progression tends to a long,

low frequency, low amplitude diastolic murmur occupying the




the whole of diastole. The third sound may incresse
further in amplitude. The "presystolic" or auriculo-
systollic crescendo element may then appesr. Frequently
the amplitude shows no change in the "presystolic®™ phase,
but the frequency definitely rises and thus accounts for
the crescendo character, the higher frequency vibrations
rendering 1t more prominent to the human auditory mechanism.
Finally, low frequency, low amplitude vibrations become
visible between the second and third sound and the murmur
occuples the whole of diastole. With the occurrence of
auriculsr fibrillation the auriculo-systolic element
disappears, and the murmur, retaining its characteristics
of frequency and amplitude, with the presence of the third
sound unaltered, becomes variable in length with the
varigtion in the duration of diastols. Beginning elther
in mid-dlastole, or followlng the second sound, it may
extend up to the following first sound in short diastolic
phases, and only partially occupy disstole in the lpng
periods.

The’majority of cases show abnormal sounds and murmurs,
which are a cross section of thls natural history of
development, a cross section which may progress no further.
There are rare cases with unusual features, which will be

discussed later.



The auscultatory and phonocardiographic evidence
of acube rheumstism of the mitral valve, which 1s

discussed, can be shown diagramstically.

Acute Rheumatism (Systolic Murmur).

| T4
No c¢linical
cardiac damage

Yy
Rapid development of long
diastolic murmur with or
without presystolic
accentuation and with or
without early systolic
Symurmur .

ter development

of above.
\/
The equlvocal case. Only abnormality
Systolic murmur, prominent a markedly
or prolonged third sound. accentuated third

sound.

No abnormal sounds
Or murmur.




TABULATION OF MATERIAL.

An analysis was made of phonocardiograms in 80
cases of mitral stenoslis, 33 of which were associated with
rheumatic dlsease of the aortic valve. Of this series,
47 were female and 33 male. The age groups and number

of cases of each are tabulsted.

Age Group

Age 1-10 1l1-20 21-30 31-40 41-50 51-60 61-70 TOTAL
yrs. yrs. yrs. Jrse. »yTS. yrse. yrs.

Males 1 7 6 5 9 5 0 33
Females 0 10 12 10 9 3 3 47
Total 1 17 18 15 18 8 3 80

Sinus rhythm was present in 57 cases, and auricular
fibrillation in 23. The cardlac rates could be summarised

a8 follows:-

Rate A.F. Slnus
60/min. and under 2 1
100/min. and over 3 13

Between 60/min.
end 100/min. 18 43




The cardiac size, both by clinicsal examination and

X-ray, showed:-

Normel Slight Moderate Marked
Enlargement Enlargement Enlasrgement

9 20 31 20

The electrocardiograph showed various changes.

P wave changes consistent with mitral stenosls were found
in 22 cases, and in 13 of the 47 cases not assoclated with
sortic disease there was right axlal deviation, or right
ventricular hyperitrophy. Four cases were assoclated with
a moderate degree of anaemia, and in two, blood cultures
grew streptococcus viridans as evidence of baéterial
endocarditis superimposed upon the rheumatic leslons.

The cases were, therefore, of a wldely varied unselected
group in which clinical examination and investigation had
proved the presence of the mitral lesion. The features
found in phonocardiograph records can be tabulated to
1llustrate the text.

Abnormalities of Sounds.

The 3rd Sound:-

With brevity as the warrant the term "visible" is
used to denote when the third sound could be separated
from any other diastolic vibrations. "Prominent" is the
term used when the third sound was clearly visible and

probably slightly accentuated, and "accentuated" means that



the sound is unduly large in emplitude and/or in length.

Accentuated Proninent Visible Totel

23 13 19 55

The 2nd Sound:-

Accentuated Split Total

22 24 46

With regard to the murmurs, the points were:-

Systolic Murmurs:

There was no systolic murmur visible in 15 cases.
There was a systolic murmur present in all cases with
associgted aortic valvular lesions.

The Time of Onset

Barly-systole Mid-systole Late-systole

63 2 -0

The term "early systolic" refers to those murmurs in
which the initial vibrations were seen to be superimposed
upon the vibrations of the first heart sound. "Mid-systolic"
referred tq those murmurs in which this phenomenon did not
appear, and which followed the first sound by a very short
gap. "Late systolic" is self-explanatory.



The Fregquencys-

FREQUENCY
Low Medium. High. All Low and Medium and
Frequency Medium Higg
1l 8 10 15 10 21

In explanation it may be stated that these refer to the
frequency in which the murmur was primaerily and most clearly
recorded. Medlum frequency is used when the murmur was
visible in the unfiltered phonocardliogram record and not in
the low or high frequency records.

Thus:
46 systolic murﬁurs w$re recgrded iﬁ the High Freq%ency Bﬁnd.

26 " " Low
54 " " " " " " Unfiltered Record.

The Durgtion or Length of the Murmur:

Short Moderate Long

15 10 40

A "short" murmur is one in which there was a clear gap
between the end of the murmur and the followlng second sound.
A "moderate" length in the systolic murmur means that it
reaches almost to the second sound, and a "long" murmur is

one which definitely reaches the second sound.



The Amplitude:

Low Medium High

32 20 13

Because of the considerable variations, the amplitude
can only be expressed in very approximate terms. Comparison
with the amplitude of the heart sounds is the only
practicable method of comparison in spite of the varlation
in the amplitude of the sounds themselves. Standardisation
of the phonocardiogram as in the electrocardlogram is still

to come. The terms used are, therefore, self explanatory.

The Diastolic Murmurs:
The "Time" of Onset:

Mid-Piastolic Early-Diastolic Presystolic

54 22 4

The "™mid" diastolic is that murmur which ensues with
" the third heart sound. The "early" diastolic is a group
of cases with low frequency vibrations, definltely of a
murmur type, fllling the gap between the second and third
sounds, butnot neceasarily recorded only in the low:
frequency band. The "presystolic" murmur occurs during

auricular systole.



The Frequency:

FREQUENCY
Low Medium. High. All Low and Medium and
Fregquency Medium High
10 2 0 8 59 1l

Again those are the frequency bands in which the murmurs
were predominantly recorded. In a number of cases the high
frequency records showed prominent high frequency elements
at certain parts of the murmur (vide infra).

Summarising further:-
The murmur was never of high frequency alonse.
It was recorded in 77 cases in the Low Frequency Band.

" " " " 7o woo" " Unfiltered
phonocardiogran.

The Length:

Short Long Throughout
Diastole
21 38 21

The term "short" means that the murmur terminated
before the onset of the auricular complex of the following
first sound. "Long" denotes those murmurs extending up to
the following first sound, and the group of those throughout
diastole are those which are recorded above as of M"early"

ongset, all of which continued up to the first sound.



The Amplitude:

Low DModerate High With Vpresystolié‘ With Mid-

Accentuation diastollc
Accentuation

63 14 3 33 ' 4

The remarks with regard to the amplitude of the
systolilc murmurs are also applicable to the diastolic

and also throughout the thesis.
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CHAPTER 6.

Abnormglities of Sounds.

The "3rd" Sounds

There has been deliberate intentlion in not idenﬁifying
the "3rd" sound with the physiological 3rd sound, in the
~cases of mitral stenosis. The cause of this 3rd sound
has been a subject of controversy since the early days
of auscultation, and continues so even to-day.

Builland (1), in 1841, first described the "bruit de
rappel" of mitral stenosis, and in 1862, Duroziez (4),
initiated the onomsatopoea "ffout-ta-ta-rou" and agreed
with Gendrin (5), that the "ta-ta" represented an
asynchronous closure of the semilunar valves. The theory
that the "splitting" of the 2nd sound was due to vibrations
derived from the mitral valve was put forward by Guttman
(6), Samson (12), and Rouches (1l), and termed by the
latter, "the opening snap of the mitral valve". Potain
(10), a master of auscultation, distinguished two types
of triple rhythm in mitral stenosis. He defined a basal
type due to asynchronous semilunar valve closure, and an
apical type due to the "opening snap". With
phonocardiography the controversy increased. Mozer and
Duchosal (9), correlating phonocardiogram and

electrocardiogram, were of the opinlon that the extra



sound was independent of the second sound and similar in
nature to the physiological third sound. Margolies and
Wolferth (8), correlating the kymogrem, phlebogram, and
phonocardiogram, concluded that the sound occurred st the
moment of opening of the auriculo-ventricular valves, but
apart from thls sound, another could be recorded which
might be a split second sound. In 1934, Lian (7), working
with phonocardiograﬁ and brachial pulse, confirmed the
basal triple rhythm of asynchronous, semilunar closure.
The apical triple rhythm he postulated might either have
been of mitral valve origin, or an accentuated initial
part of the diastolic murmur. Dﬁchosal (3), srrived at
similar conclusions. A sound 0,06 - 0,08 seconds after
the second sound denoted an asynchronous closure of the
semllunar valves, and a sound more than O.ll seconds from
the second sound was an initial part of the diastolic
rumble which might be mistaken for a physiological third
sound. Cassgio and Orias (2), were convinced that the
extra sound occurred at the moment when the auriculo-
ventricular valves open and was undoubtedly due to
structural changes produced by disease.

Ih the present series of eighty cases, a "3rd sound"
was "seen", "prominent" or "accentuated" in fifty five
cages. It was regarded as a valuable diagnostic feature,

and from that point of view the exact origin was not of

Importance. Nevertheless, the time interval from second



to third sound was measured in twenty cases by correlation
with the duration of the Q.R.S. of the electrocardiogram, and
was found to be from O.1ll to 0.18 seconds. The ﬁtructure

1n many cases was indistinguishable from the physiologlecal
third sound. This mitral "3rd" sound warrants further
investligation with apex cardlogram as correlating device.

A few cases investigated with simultaneous cardiac
catheterisation records would settle the controversy.

True splitting of the second basal sound denoting
asynchronous closure of the semilunar valves occurrsed in
twenty~-four cases, and accentuation occurred in twenty-two>
cases. The importance placed on those features was similar
to that iIn auscultation. These are signs which lead to a
closer scrutiny of the diastolic phase in doubtful cases,
and are also to be regarded as confirmatory evidence in
other cases.

In repetition, a noteworthy feature was the frequent,
clear cut, splitting of the second sound recorded in the
high frequency band due to the high frequency overtones of
the valvular elements of that sound.
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THE SYSTOLIC MURMURS.

Though mitral stenosis 1s the subject of discussion,
the characteristics of the assoclated systolic murmurs are
important. In eighty cases, fifteen records showéd no
systolle murmur to be present.

The time of onset 1s the first feature to be consldered.
All but two of the sixty-five murmurs began in early systols.
These sixty-three murmurs occupied the isometric systolic
phase of the ventricles, as first describved in 1911 by
Weiss and Joachim (17), arnd followed by Weitz (18), Eggert
(7), Frey and Fromm (9), Antonelli (1), Battro and Braun
Menéndei (3), McKee (12), and recently revived by Evans
(8). In the present series, however, in the wvast majority
of cases the murmur could be demonstrated to begin with,
and continue from, the second component of the first heart
- sound, or the 2nd phase of Luisada et al (11). This could
be accomplished by critical examination and composite
interpretation of the three wave band recordings, with the
position of the second component of the first sound being
abruptly recorded in the high frequency band by its high
pitched overtones. This feature is stressed as belng of
very great value. In the two cases in which the murmur
was mid-systolic, a definite clear area of hasé line free

of murmur vibrations could be defined between the first



sound overtones and the onset of the murmur. Similar
types of murmur will be dlscussed in detail later. They
can be considered to be nbn-valvular in origin. It is
noteworthy that of the two cases mentioned above, one was
an early case in a girl of 13 years of age, and the other
a man of 49 years in whom the only other abnormality was

a grossly accentuated third sound, and who had considerable
cardiac enlargement. The frequency ranges of the inltial
sixty-three murmurs, which were considered to be due to
mitral incompetence, were tabulated. The striking
feature was the extremely wide variation in frequency.
There was no doubt that the majority of the murmurs have

a frequency rangs over 120 cycles per second. Only one
was predominantly below that level. A series of ten wers
exclusively prominent in the high frequency band, 1l.e.,
contained no vibrations below 140 cycles per second, but
forty-six cases were of wide frequency range and recorded
in two or moré of the frequency bands. In view of this
wide variation, even with the crude divislon 1lnto ranges
of this apparstus, it would appear that there would be
little point in pursuing a more exact lnvestlgation into
the frequency ranges of this murmur, since 1t is most
unlikely that any diagnostic value could be recognised in
any particular frequency range. A feature which is again
stressed is that the high frequency band almost exclusively

allowed recognition of the presence of a murmur in ten cases.



In those cases this wave band eliminated the attenuation
of higher frequencles which occurred in the unfiltered
stethoscopic phonocardiogram, and in which the murmr
could not be clearly defined.

The duration of these systolic murmurs was subject
to wide variation, in fact variation was so great that a
more exact gradation other than short, moderate, or long
was consgidered unnecessary from a diagnostic point of view.
The majority were of long duration and extended up to the
second sound; in only fifteen cases was the murmur
considered to be short. With certaln reservations (vide
infra) it may be stated that no correlation could be made
of the length of the murmur with the possible degree of
incompetence present. There was no relationship of
length and cardiac size.

With regard to the amplitude it can only be stated that
this again was an extreme wvariable. Roughly gauged by thq
amplitude of the sounds, themselves most variable, it was
found that the majority were of g low amplitude (32 cases).
Twenty cases were of moderate amplitude, and thirteen cases
of high amplitude. The amplitude by itself could not be
regarded as having diagnostic importance, except in so much
that in other systolic murmurs of non-valvular origin a high
amplitude is relatively rare, (excluding congenital murmurs).

In discussing these latter three features separately,

1t might appear that they were of little diagnostic wvalus,



but it must be emphasized that in weighing the question of
whether a murmur was of wvalwvular origin or not, and
especially in cases of doubt, the combined regard of
frequency, length and amplitude, may be of considerable
value. It can be sald that in general, systolic murmurs
of wvalvular origin, recorded at the apex of the heart,

have a wider frequency range and a predominantly higher
frequency than murmurs of non-valvular origin (excluding
certain congenital murmurs). Similarly the high amplitude
murmurs are more often organic, and a long duration 1s

more commonly found.

THE DIASTOLIC MURMURS.

The diastolic rumble and the presystolic'murmur have
besen described and discussed by many workers, Welss and
Joachim (17), Lewis (10), Shellong (16), Frey and Fromm
(9), Bass and Rossner (2), Bramwell and Ellis (4), Mozer
and Duchosal (13), Diliberto (6), Routler and Tavecchi
(15), Battro and Braun Menéndez (3), McKee (12), Orias
and Braun Menéndez (14) and Evans (8). These murmurs and
theilr variations have already been briefly described. 1In
the more detailed analysis of the elghty cases the following
points were found to be worthy of further discussion.

With regard to the time of onget. The considerable
ma jority (54) began in mid-diastole, at the polnt where the



third sound ls usually found, and in many cases followed a
distingulshable or accentuated third sound (vide supra).
In an Important group of four cases no mid-diastolic could
be distinguished and the murmur occurred during the auriculo-
systolic phase of diastols. In two of those a few doubtful
mid-diastolic vibrations were seen. In twenty-two cases
the murmur followed immediately upon the second sound, the
period between second and third sound being occupled by
low frequency, low amplitude vibrations. These murmurs
were invariably of long duration. |

The frequency range of the mitral diastolic murmurs
was characteristic. It was nevef predominantly above 140
cycles per second. It was recorded in both low frequency
and unfiltered phonocardiograms in fifty-nine cases, recorded
exclusively in the low frequency band in ten cases, and in
the unfiltered phonocardiogram in two. The frequency range
ls characteristically low. This is in agreement with Cabot
and Dodge (5) and McKee (12). The value of three wave
band recording was asgain apparent.

There was considerable variation in length. A
me jority of thirty-eight cases showed murmurs of long
duration, extending from mid-diastole to the following
first sound. Twenty-one murmurs which began lmmedlately
after the second sound occuplied the whole of diastole, and
lastly murmurs in twenty-one cases were of variable short

duration and did not extend from mid-dlastole to the



following first sound. Again it was not possible to
correlats the probable degree of stenosis or cardiac slze
with the duration of the murmur, except to state that the
early cases on the whole showed a shorter duration. A
feature which was well demonstrated was the variation in
the length of the murmur with the length of diastole, in
cases with aurlicular fibrlllation. In a single record the
murmur could be demonstrated to be entirely mid-diastolilc
and not reaching the followlng first sound in a long
diastolic phase, and to fill diastole in a shorter phase.
With guricular fibrillation no instance of presystolic
accentuation was found (vide infra).

The emplitude was usually low (63 cases). In a few
it was moderate (14 cases), and in only three caseé could
it be regarded as high. This low amplitude can be
considered to be a characteristic feature. A most
interesting observation, not recorded before, was the
fpresystolic® accentuatlon which occurred in twenty-two
cases. The crescendo nature has been correctly ascribed
to auricular systole by many of the above workers in
phonocardiography, but spart from a postulated increase in
the amplitude of vibrations, no asdequate reason for the
- "cregcendo" nature has been described. By the three wave
band recording it was found that those cases with

"presystolic" accentuation on auscultation,-showed not

necessarily an increase in amplitude of vibrations at this



period, but constantly there was an increase in the width
of frequency range with the appearance of high frequency
vibrations which could be clearly recorded in the high
frequency band. It is obvious, when correlating this
fact with the human audiogram, that these higher frequency
vibrations must be much more prominent than the other
vibrations of the diastolic rumble which verge on the
lower limits of the auditory aculty range, thus accounting
for the "crescendo" character. Two rare cases occurred
in this series where well established clinical mitral |
stenosis showed the only changes in sounds to be a grossly
accentuated third sound. In a further case with auricular
fibrillation with rapid rate, an initisl phonocardiogram
showed a well marked mid-diastolic murmur, which with
slowing of the rate showed no abnormality of sounds, or
any murmurs. A similar case showed marked diminution in
the length and amplitude of the mid-dlastolic murmur.

' To sum up. There is no feature which can be considered
as pathonomonic in the phonocardiographic plctures in mitral
stenosis. An opinion can only be given after a scrutiny of
all the features discussed above. The timing of a murmur
1s of first importance, as is the frequency range in
diastolic murmurs. The duratlon may be of importance,
especially in diastolic murmurs, and changes in sounds and
the amplitude are of value in proportion to the doubtful

nature of any particular case.
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AORTIC VALVE DISEASE.




CHAPTER 8.

Acguired disease of the aortic valve was divided
into the various aetiological'groups, and separately
summarised in these groups, though it was recognised
that from a phonocardiographic point of view they had
much in common. There were thirtythree caseé of
rheumatic aortic valve disease associated with mitral
stenosis, five cases thought to be of rheumatic
aetiology in which no evidence of mitral valve disease
could be defined, twelve cases associated with aortic
sclerosis or dilatation, nine cases with a syphilitic
infection, and two cases which might have been
traumatic in origin.

SUMMARY OF MATERTAL

AGE GROUPS (YEARS)

ABTTIOLOGY

(1) Rheumatic 1—- 11~ 21= 31l= 41= 51~ 61~ 71~ TOTAL
10 20 30 40 .50 60 70 80

(a) Associated
with Mitral

Stenosis - 9 8 9 4 3 - - 33
(p) Without

Mitral '

Stenosis - L 1 2 - 1 - — 5

(2) Associated
: with Aortic

Sclerosis - = 1 1 - 3 5 2 12
(3) Associated '
‘ with

Syphilis - - - - 3 5 1 - 9
(4) Traumatic - = 1 1l = = e - 2

TOTAL -~ 10 11 13 7T 12 6 P 6l




RATE AND RHYTHM

AETIOLOGY RATE A.F., Sinus
(1) Rheumatic
(a) Associated with
Mitrsl Stenosis 60/min and under 3 2
100/min and over - 5
Between 60 ~ 100/min 2 21
TOTAL ‘ 5 28
() Without Mitral
Stenosis 60/min and under - -
100/min and over - 2
Between 60 -~ 100/min -~ 3
TOTAL - 5
(2) Associated
with Aortic :
Sclerosis 60/min and under - -
100/min and over - 1
Between 60 - 100/min 2 9
TOTAL 2 10
(3) Associated
with :
Syphilis 60/min and under 1 -
100/min and over - 2
Between 60 -~ 100/min 1 5
TOTAL ' 2 v
(4) Traumatic Between 60 — 100/min -~ 2
TOTAL 9 52




CARDIAC SIZE

The cardiac size both by clinical examination

and by X-ray showed:—

s

AETIOLOGY NORMAL SLIGHT MODERATE MARKED
ENLARGEMENT ENLARGEMENT ENLARGEMENT

Rheumatic
(a) Associated
with Mitral
Stenosis. 3 5 16 9

(b) Without Mitral ,
Stenosis. 1 1 2 1

(2) Associated
with Aortic

Sclerosis. 1 2 6 3
(3) Associated
with
Syphilis. —_ - , 7 2
(4) Traumatic. 2 - - -
TOTAL _ 7 8 31 15
BE.C,.G.

The electrocardiograph varied considerably, on the
whole showing left axial deviation, left ventricular
strain, or left ventricular hypertrophy, as the most

frequent changes.



ABNORMALITIE S OF SOUNDS.

APICAL 3rd SOUID.

ABTTIOLOGY ACCENTUATED PROMINENT VISIBLE TOTAL

(1) Rheumatic.

(a) Associated with
Mitral Stenosis. 6 7 11 24 .

(p) Without Mitral
Stenosis. - - - —_

(2) Associated with
Aortic Sclerosis. - - - —

(3) Associated with

Syphilis. 1 1 3 5
(4) Traumatic. - - _ —
TOTAL 7 8 14 29

THE BASAL 2nd SOUND,.

ABTIOLOGY ACCENTUATED SPLIT TOTAL

(1) Rheumatic.

(a) Associated with

Mitral Stenosis. 8 _ 10 18
(v) Without Mitral

Stenosis. - 1 1
(2) Associated with

Aortic Sclerosis. - - 0
(3) Associated with :

Syphilis. 2 - 2
(4) Traumatic. - - 0

TOTAL 10 11 o1




THE BASAL MURMURS

SYSTOLIC MURMURS
THE "TIME OF ONSET"

AETIOLOGY NONE EARLY MID LATE
SYSTOLIC SYSTOLIC SYSTOLIC

(1) Rheumatic
(a) Associated with

Mitral Stenosis & 25 5] -
(b) Without Mitral

Stenosis. - 4 1 -
(2) Associated with |

Aortic Sclerosis.~—. 7 5 -
(3) Associated with

Syphilis. - 8 1 -
(4) Traumatic. - 1 1 -
TOTAL 2 45 14 -

THE FREQUENCY

AETTIOLOGY LOW MEDIUM HIGH ALL Low MEDIUM

FREQUENCY AND AND
MEDIUM HIGH

(1) Rheumatic
(a) Associated
with Mitral

Stenosis. - 2 - 18 8 3
(p) Without

Mitral .

Stenosis. - -~ - 4 — 1

(2) Associated
with Aortic

Sclerosis. 1 - 1 7 : 3 -
(3) Associated

with

Syphilis. 1 1 - 5 1 1
(4) Traumatic. - - - 1 r -

TOTAL 2 3 1 35 13 5




ITHE DURATION OR LENGTH OF THE MURMURS

AERTIOLOGY SHORT MODERATE LONG
(1) Rheumatic
(a) Associated with
Mitral Stenosis 4 - 27
(b) Without Mitral
Stenosis - - 5
(2) Associated with
Aortic Sclerosis 2 - 10
(3) Associated with ~
Syphilis 3 - 6
(4) Traumatic 1 - 1
TOTAL 10 - 49
THE AMPLITUDE
ABETIOLOGY Low  MEDIUM HIGH
(1) Rheumatic
(a) Associated with
Mitral Btenosis 9 11 11
(v) Without Mitral ‘
Stenosis 1 2 2
(2) Associated with
Aortic Sclerosis 4 3 5
(3) Associated with
Syphilis 2 3 4
'(4) Traumatic 1 - 1
TOTAL 17 19 23
—— — ——— ——l




The explanatory notes, as already outlined in the

summary of the cases of mitral stenosis, apply

directly to the above and the following summaries.

DIASTOLIC MURMURS

THE "TIME OF ONSET"

ARTIOLOGY EARLY MID

DIASTOLIC

LATE
DIASTOLT
OR
PRESYSTOLIC

(1) Rheumatic
(a) Associated with
Mitral Stenosis. 33

(p) Without Mitral
Stenosis. 5

(2) Associsted with
Aortic Sclerosise. 10

(3) Associated with
- Syphilis.

(4) Traumatic. 2

TOTAL 58

THE FREQUENCY

AETIOLOGY LOW MEDIUM HIGH ALL
FREQUENCY AND AND

Low . MEDIUM
MEDIUM HIGH

(1) Rheumatic
(a) Associated with
Mitral Stenosis. =~ 2

1 <0 .

(p) Without Mitral
Stenosis. - 1

(2) Associated with
Aortic
Sclerosis. - -

(3) Associated with
Syphilis. - -

(4) Trau matic. - -

TOTAL - 3




THE DUZATION CR LEINGTH OF THE MUEMURS
ARTIOLCGY SHCRT LOHG THROUGHOUT
DILSTOLE
(1) Bhneumatic
(a) Associzied with
Mitrsl Stencsis il 15 7
(v) Without Mitral
Stenosis L 3 1
{2) Associated with
Aortic Sclerosis 6 4 -
(3) Associated with
Syphilis 1 5 2
(4) Trzumatic - -~ 2
TOTAL 19 27 12
THE AMPLITUDE
AETIOLOGY LOW MEDIUK HIGH
(1) Rheumatic
(a) Associated with
Mitral Stenosis 19 10 4
(b) Without Mitral
Stenosis 5 - —
(2) Associated with
‘ Aortic Sclerosis 10 - -
(5) Associated with
: Syphilis 3 3 2
(4) Traumatic - - 2
TOTAL 37 13 8
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DISCUSSION:

There has been comparatively little written on the
- phonocardiographic appearance of the murmurs of aortic
stenosis. The polnts elicited and agreed upon were two
in number. The onset of the murmur has been recognised
to coincide with the e jection phase of the wventricles,
Joachim and Weiss (4), Lewis (5), Ohm (8), snd to occupy
most of the ejection phase, with a tendency to crescendo
in the maximum point of systole, ie., near mid-systole,
Wiggers (13), Weber (12), Jaenisch and Weber (3), McKee
(7), Orias and Braun Menendez (9). Evans (2) described
systollic murmirs of a somewhat similar nature at the
mitral area in cases of aortic disease in a study which 1s
not thought to be comparable, though he arrived at similer
conclusions.

The present series confirmed these findings. The
systolic murmur of true asortic stenosis began in early
systole, the initial vibrations belng superimposed on the
residual vibrations of the first heart sound. In a
considerable number of cases the definlition of the third
component of the first sound by the high frequency band
enabled the observation that it arose with the third
component of the first sound and was, therefore, slightly

later in onset than the systolic murmur of mitrsl

Incompetencs..



Individual discussion of each group was thought to be
worth while. | |

" CASES OF RHEUMATIC AETIOLOGY
AORTIC VALVE DISEASE ASSOCIATED WITH MITRAL VALVE DISEASE.

There were thirty;three cases of which nineteen were
female and fourteen male. The age groups were similar
in proportion to those of mitral stenésis. There were
fewer with aurilcular fibrillatlion, and cardiasc size was
prépontionately grester. The apical third sound was seen
more fraquently, (72% compared with 64%) and the bassal
second sound was a little less frequently accentuated or
split, (54% compared with 61%).

It was considered significant that iIn the small group
of five cases of rheumatiq origin without mitral dilsease
no apical third sound was seen in any case. In only one
case was the basal second sound split or accentuated.

THE SYSTOLIC MURMURS:

In the group of rheumatic(origin no systolic murmur

~ was seen in two cases. There were thus thirty-six Systolic
nurnurs. In twenty-nine cases the murmur began 1n early
systole, and as already described, could be seen to érise
with the third component of the filrst heart sound. In
seven cases the murmur began in mid-systole and demonstrated
a clear area of baseline between the first sound and the
murmur. These two types of murmur were quite distinet in
other characteristics.

A considerable majority (22 cases) of the early systolic



murmurs had a wide frequency range and were visgible in all
three recordings, whereas the mid-systolic murmurs were
seen in only one or two tracings, and were of distincﬁly
narrower frequency range. The duration of all but four
of the murmurs was long and occupled the whole of systole.
The four short murmurs were all mid-systolic in onset.

The amplitude of the murmurs was a feature which
varlied widely but the situation became more clear when it
was noted that the seven mid-systollc murmurs were all of
low amplitude. The remalining twenty-nine were, therefore,
apart from three cases, elther of high or moderate
amplitude. The feature of crescendo in mid-systolse was
seen in ten of ﬁhese twenty-nine cases.

From these records 1t became clear that the murmur of
sortic stenosis, recorded at the base of the heart, was an
early systolic murmur which began with the third component
of the first heart sound, extended through systole, was of
a wide frequency range, and usually had a considerable
amplitude.

The mid-systolic murmurs were not thought to originate
in the asortic valve lesion. It was very probable that they
were conducted elements of a mitral systolic murmur.

The apical murmurs in the five cases of aortic leslions
without mitral stenosis were worthy of cqmment. There were
three early systolic murmurs, with relatively wide frequency
range, of long duration ahd moderate or high amplitude,



which fitted into the category of mitral 1ncompeténce.
The other two were mid-systolie, short, of narrow
frequency range, and of moderate or low amplitude.
They may have been due to ventricular hypertrophy.
AORTIC DISEASE ASSOCIATED WITH AORTIC SCLEROSIS:

In this group of twelve cases, there was one case in
which the calcifled sortlc velve was seen radiologically,
but iIn all the others there was radiologlcal evidence of
a calcified, sclerotic, tortuous or dilated aorta. The
calcifled aortic valve was found in the case aged twenty-
seven years, and another aged thirty-six years showed a
calcified aorta. The other cases were all over fifty
years of age, and the changes were probably of degenerative
nature.

In two cases the rhythm was auricular fibrillation.
The cardiac size and electrocardiographic changes were
conslstent with the clinical diagnosis. No third sound
was seen in any case nor was there an accentuated or split
second basal sound. .

Again there were two different types of basal systollc
mrnur. There were seven early systollc murmurs, in all
but one case of wide frequency range, of moderate or high
amplitude and of long duration, and five mid-systollc
murmurs of relatively narrow frequency range, of low
amplitude but of wvaried length, three being of long

duration. The early systolic murmurs were thought to be

dﬁe to the relative or true aortic stenosis present, and



the mid-systolic murmurs due to conduction of systolic
vibrations from the apical region of the heart.

There was &n apicai_systolic murmur present in every
case. In four of the cases 1t was early in onset,
recorded in all three tracings, of high amplitude and long
duration, and was of similar nature to those found in mitrsl
incompetence. Eight cases showed mid-systolic murmurs,
of wvariable features with regard to frequency range, length
and emplitude. Thelr origin was either conducted elements
from the asortic area, or the mid-systolic murmur of
ventriculer hypertrophy.

Summarising the findings in this group, roughly half
of the cases showed murmurs considered to be due to aortilec
stenoasls, whether true or functional in nature could only
be speculation. The others showed conducted systolic
murrurs. A third of the cases produced aplcal systolic
murmurs which suggested a relative mitral incompetence.

THE GROUP ASSOCIATED WITH SYPHILIS:

The features of the systollic basal murmurs in this
groub were on the whole similar to the above. In eight of
the nine cases the time of onset was early, in the other it
was mid-systolic. The frequency range of the elght cases
was most commonly wide, the duration long and the amplitude
moderate or high.

This murmr was that of aortlc dilatation or relative

aortic stenosis, and was indistinguishable from the



rheumatic stenotlic murmur. The mid-systolic murmur
showed the features of a conducted murmur as described
(vide supra) and was probably derived from an aneurysm
on the sortic arch.

All these cases had an aplical systolic murmur, again
fitting into the categories already outlined. Five were
of the type assocliated with mlitral incompetence, considered
to be relative, and four were of the mid-systolic variety.

CASES ASSOCIATED WITH TRAUMA:

One case recorded an sortic stenotic murmur of typical
features and the other a mid-systolic murmur, again with
the features of 1its type. In the first there was a
mid-systolic apical murmur and the other had a murmur of

relestive mitral incompetence at the apex.

THE DIASTOLIC MURMURS:

The graphic recording of the sortic diastolic murmﬁr
has been one of the problems of phonocardlography since
ﬁhe earliest days. It was recognised that on auscultation
these murmurs were soft in quality, high pitched and wvaried
widely in loudness. Though clearly audible, in many cases
the various phonocardiographic instruments failed to record
them, McKee (7), Aremnberg (1l). Rappaport and Sprague
(10) clearly showed the scientific basis for this failure.
The previous instruments were either not sufficlently
sensitive to record low amplitude vibrations, or thé

periodic response was too low and the instrument failled



to vibrate at a speed 1n sympathy with the frequency of
the murmur.

Iﬁ became obvious that the instrument would require
to be modified so that it could respond to higher
frequency vibrations while attenuating the lower
frequencies. With electrical methods thls could be
done in two ways, elther alteration of the microphonse,
or by flltration of low frequency sounds. The former
would require a multiplicity of microphones, as was done
by Wells, Rappaport and Sprague (11), in 1949, who made
the first satisfactory phonocardiographic study of these
marmurs. They employed a logarithmic microphone with
various Bowles chest pieces. The filtration method has
been ﬁtilised in the present series, with a single
microphone requiring only the turning of a switch. It
has been found to be efficient. The high frequency
band, recording frequencies of 140 cycles per second and
above 1s sultable for thistype of murmur, the frequency
of which was estimated in four cases by McKee (7), and
found to be mainly 180 cycles per second.

The features of the sortic dlastolic murmur already
elicited have been almost entirely concerned with timing.
It began in early diastole, and continued diminuendo for
a variable distance into diastole, Wiggers (14), Orias
and Braun Menendez (9), McKee (7), Luisada (6), and
Evans (2).



No definite difference could be distingulshed in the
murmurs in the various aetiologleal groups and it was
therefore more convenient to discuss.these murmurs as a
whole. In all the cases in the rheumatic groups a
dlastolic murmur was seen. Incompetence was an
invariable accompaniment of stenosis. In two of the
sclerotic group and in 6ne of the cases assoclated with
syphilis there was no diastolic murmur. |

Therewere thus fifty-elight dlastolic murmurs. In
all of them the time of onset was in early diastolé, and
followed immedistely upon the valvular components of the
second heart sound, clearly demonstrated in most cases by
the high frequency tracing. The frequency of.thesé murmurs
was again variable but by far the grester number were of
comparatively high frequency, with fifty-two murmurs seen
in the high frequency band. It was significant that in
nine cases it was exclusively reproduced in this tracing,
and in many others the adequate amplificstion and clear
visualisation was only possible by this filtration of low
frequency elements. Only three murmurs were seen in the
low frequency band, and none were exclusively within this
range.

The duration varied widely. The majority (39 cases)
were long, and twelve of these‘continued throughout diastole.
In comparing the groups, the murmur continued throughout

dlastole in the two traumatlic cases, and on the whole was



longer in the syphilitic group than in the rheumatic.
It was more commonly.of short duration in the sclerotic
group. It was not thought that any dlagnostic
significance could be placed upon this feature.

Generally, the amplitude was low (37 cases) rendering
adequate amplification important. Only eight cases could
be congidered to be of high amplitude and this included
the two traumatic cases. It is well known that the
loudness of the mufmur cannot be sald to bear any relation
to the amount of regurgitaetion. It was conflrmed by this
study that the cardiac slze had’no constant relation to
the amplitude of the murmur, and a feature not previously
proved was that, in a similar manner, there was no
relationship between cardiac size and the length of the
murmur. A feature of crescendo~diminuendo character,
with the crescendo occurring shortly after the beginning
of the murmur, was found in twenty cases. Little importance
1s attached to this with regard to diagnosis.

In seven cases a diastolle murmur was recorded which
was initially not heard, though on further careful
auscultation followlng thelr demonstration, five of fhem
were found to be audible. Two cases remained where
inaudible vibrations were recorded. It was probable that
the amplitude of these vibrations was below the lower limit
of auditory acuity; Wells, Rappaport and Sprague (11),

record similar phenomensa. The dlagnostic significance of



these vibrations warrants further investigation.

To summarise, 1t may be stated that the murmurs of
aortic 1ncompeténce, no matter the cause, were essentially
similar. The murmur followed immediately on the valvular
components of the second sound. It was sometimes crescendo-
decrescendo, of high frequency requiring selective elicltatlon,
generally of low amplitude, and extending for variable periods
into dlastole.

AORTIC ANEURYSM:

Two cases presented with aortic aneurysm,Records were
taken over the site of the aneurysm. The vibratlons were
of wlde frequency range, moderate amplitude and contlnued
throughout systole and diastole. They differed in that
one case showed a more prominent systolie murmur, and in
the other the diastolic phase was of greater amplitude.
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THE AUSTIN FLINT MURMUR.




'CHAPTER 9.

Though small in number,.consisting of only nine cases,
the4group of aortic disease_associated with syphilis is
thought to be of especial importance. In five of these
cases an apical murmur in diastole was recorded, which was
considered to be an Austin Flint murmur. One of these
five cases came to post~-mortem, and is reported in full
(vide infra).

The Austin Flint murmur, commonly described as a
presystolic murmur gt the apical reglon in cases with
aortic lncompetence, has been the cause of much discussion
with regard to its characteristics, cause and significance.

With regerd to the characteristics, Flint's original
description in 1862, was of a blubbering murmur heard at
" the cardiac apex in patients with aortic valvular
regurgitation of syphilitic or arteriosclerotic origin.
Since then it has been variously described as a diastolic
or presystolic rumble, or a special type of gallop rhythm,
Saubry and Pezzi (14). White (17) was of the oplnion that
the characteristics were similar to those of the diastolic
murmur of rheumatic mitral stenosis. Wiggers (16)
described it as a mid-diastolic or presystolic murmur
and Gouley (6) thought the character to be a presystolic
rumble which practically merged with the first sound and

was limited to a small area at the apex.



In 1944 Luisada (10) published the first
phonocardiographic study and thought that eilther the
third sound, auricular sound, both, or a "crescendo" type
of first sound, or a split first sound was responsible in
similating to the ear a dlastollc rumble or presystolic
murmur. Evans (4) recorded in some syphilitic cases s
mid-disstolic murmur, the presence of which in his opinion,
therefore, denoted a rheumatic mitral stenosis.

The causatlon of these vlibrations has been the subject
of controversy. Many authors including Flint (5),
Guiteras (8), Grocco (7), Potain (12), and Vaquez (15),
were of the opinion that a functional mitral stenosls
existed, the mitral cusps elther passively floating
upwards or being drlven so by the regurglitant blood stream.
Da Costa (3) agreed, but thought that the left ventricular
dilatation displaced the anterior mltral cusp into the
opposing streams of blood. Sansom (13) and Broadbent (1),
postulated vibrations of the anterior mitrel cusp either
directly transmitted from the posterior aortic cusp or due to
the regurgitation directly on the valve. Vibration of a
dilated and atonic left ventricle was put forward as a
theory by Phear (11), and agreed to by Cabot (2). Herrman
(9) produced experimental murmurs of this type in dogs by
perforation of the posterior aortic leaflet, and sﬁpported
the theory of functional mitral stenosis which he thought

occurred in posterior cusp lesions, to account for the



Austin Flint occurring in only a certain number of cases.
White (18) suggested that the normal mitral orifice in
comparison with the dilated left wventricle produced a
condition of functional mitral stenosis. Gouley (6)
expressed the opinion that a thickening of the anterior
mitral curtaln occurred, due to the constant impinging of
the regurglitant blood which occurred with anteriof aortic
leaflet leslons, this thickening beling the setiological
factor.

In the five examples included in this series, in
which the clinical dlagnosis in every case was syphilitic
aortitis, definite aplcal dilastolic murmurs were heard
and recorded. The tracings showed that the murmur was
mid-dlastolic in timing in four cases and of long duration,
extending up to the following first sound. In one case
it occupled the whole of diastols. It was recorded in
the low frequency band and/or in the unfiltered
phonocardiogram. The frequency was low. In one case
with auricular fibrillation the length varied with the
duration of diastols. The amplitude 1n all cases was low.
In four cases the third sound was visible and in two of
these 1t was accentuated.

The murmur, therefore, had characteristics identlecsal
with that of organic mitral stenosis and 1t would appear
reasonable to sssume that a similar train of events produces

an Austin Flint murmur.



It 1s unllkely that a double pathology existed in all
those cases, and that a rheumatic endocarditis was
superimposed on the syphllitic infection. Those observers
who falled to record the audible murmur wefe probably using
an instrument, the frequency range of which did not permit
the adequate recording of these low frequency, low
amplitude murmrs.
| It is again postulated that a functional mitral
stenosls 1s responsible for the sound waves of the Austin
Flint marmar, though whether these are due to wvalvular
movements, turbulent blood stream, or ventricular wall
vibrations must remain a speculation.

The following 1s the report of the case which came to
post-mortem. The phonocardiogram was teken on l.4.49
during a previous admission to hospital:-

Name: R.Y. Age: 59 years.

- POST-MORTEM DIAGNOSIS:

Syphilitic Aortitls; Stenosls and Incompetence of the
Aortic Valve; Hypertrophy of Myocardium (Left Ventricle);
Stenosis of Orifices of Coronary Arteries; Infarction of

Myocardium.

SUMMARY OF CLINICAL HISTORY:

Date of Admission: 6.6.49. Date and Hour of Death: 22.6.49.

Occupation: Road-surface Worker. Clinical Aortic and Mitral
Diagnosis: Valvular Digease.



Patient was first admitted to Ward II on 17.3.49
complaining of attacks of nocturnal dyspnoea for the
previous three weeks.,

Previous Hlstory: Erysipelas and pneumonia simultaneously -

in Ruchill Hospltal 10 years ago. No history of rheumatic

fever. Examination showed enlargement of heart to the

left; presystolic gallop rhythm present. No aortic
diastolic murmur was heard on admission, but was detected
about two weeks later, also mitral diastolic murmur. B.P.:

| 145/75.; Liver enlarged two fingerbreadths below right
costal margin. No oedema of feet. Phonocardlogram

1.4.49 suggested asortic stenosis, incompetence and mitral
stenosls and incompetence. W.R. and Kahn reactions 1l.4.49 -
both positive.

Patient was dismlissed improved on 23.4.49. He was
re-admitted on 6.6.49 complaining of continuous upper
abdominal pain since the end of May, which had come on
~suddenly when he was shovelling coal. He also had some
pain in his left lumbar region but it did not last long.
The pain d4id not radiate to any of his limbs. The onset
of the pain was followed by a paroxysm of coughing and he
became increasingly breathless.

On examination, upper half of chest was very cyanotic;
generalised sbdominal tenderness and guarding most marked
ih the epigastriunm. The surgeons saw him on two occasions

but could not find anything to warrant operation. B.P. 145/60.



Electrocardiogram suggested possible anterior

myocardial infarction. The abdominal pain gradually

subsided, his legs became grossly oedematous and he

coughed up very frequently large clots of blood. His

condition slowly deteriorated and he dled on 22.6.49 at

S p.m.

POST-MORTEM REPORT:

EXTERNAL.

A tall well-bullt elderly man. Putrefaction
is commencing.
Not examined.

Pericardium: Normal.

Heart (560g.: left ventricle 2.5 x 8.5. cm.;
valve circumference - aortic 8 cm., mltral 11
em.): is enlarged. This is chiefly due to
hypertrophy of the left ventricle. Syphilitic
sortitis has caused stenosis of the mouths of the
coronary vessels. The left ventricle is
hypertrophied and slightly dllated. Thrombus

is present in the apex of the left ventricle,
right ventricle and the right auricular appendage.
On dissection an infarction of the anterior part
of the gpical region of the interventricular
septum is found. This has given rise to the
thrombi noted. The aortic valve cusps are

thickensd, puckaréd end slightly fused at their



extremities. The valve 1s incompetent to the
water test. The mitral snd remaining valves

are normel. The coronary vessels show slight
atheroma, but no thrombus 1ls present. There 1is
syphilitic scarring of the aorta. The lesion
extends from the commencement to mid=-thoracic
reglon where it ceases abruptly. Atheroma 1s
superimposed.

Pleurae: Slightly thickened. Cavities molst.
Recent fibrinous pleurisy i1s present over large
areas of both lungs.

Both Lungs are markedly increased 1n weight and

of turgid consistence. Numerous haemorrhagic
infarcts are present in both and in addition there
is pneumonic consolidation in both lower lobes.
Demarcation of this consolidation does not conform
strictly with the lobe.

Trachea and Bronchl show a congested mucosa, with
numerous small pits.

Oesophagus is normal.
Thyroid Gland is normal.

ABDOMEN: Peritoneum: normal.

Stomach and Intestines: show only putrefactive

change.

Liver: (1,320 g.) is small and very soft due to

post-mortem change. The cut surface 1s



HISTOLOGY:

1s discoloured in blotchy fashion due to
putrefaction. No focal lesions are encountered

on section. The Gall-Bladder is normal and the

Bile Ducts are patent.

Spleen: (110 g.) is small, blackish-crimson
colour on section and there is slight increase
of fibrous tissue.

Pancreas: shows only post-mortem softening.
Kidneys: (right 110 g., left 110 g.) both organs
are small. The capsules strip with difficulty
leaving a faintly scarred surface. The cut
surfaces show an indistinct pattern due to
softening.

Ureters and Bladder are normal.

The Prostate Gland appears healthy.

Adrenal Glands: almost completely softened.

Aorta: Syphilitlc Aortitis is confirmed.

Endartertitis of vasa vasorum is well shown but
destruction of the elastica 1s not extensive.
Lung: Confluent broncho-pneumonia.

Hegrt: Infarction conflrmed. Organisation of

thrombus i1s present.



l.

2.

4.
5.

6.
7.
8.

9.
10.
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14.

15,

16,

17.
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TABULATION OF MATERIAL:

There were fifty-two cases in this series, of which

thirty-one were male and twenty-one femsale.

The Age Groups

1-10 11-20 21-30 31-40 41-50 51-60 61-70C TOTAL

1 19 17 8 5 2 0 52

In all the cases the cardlac size, both by clinical
examination and Z-ray, was within normal limits. The
E.C.Gs showed L,A.D., in four cases, R.A.D. in four cases,
ventricular extrasystoles in one case and showed no
significant abnormelity in all the others.

The blood counts were within normal limits.

The third sound:- The physiological third sound was seen
in fourteen cases.

The second sound:- In nine cases the basal second sound
was split.

Time of Onsget:

Early Systolic  Mid-Systolic Late Systolic

- 46 6




Frequency:

Low Medium High All Low and Medlum and TOTAL
Frequency Medlum High

3 16 - 5 17 11 52

Thuss -
3 Murmurs were seen only in the low frequency record.
o " " " in the high frequency record.

49 Murmurs were seen in the Unfiltered Phonocardiogram.

The Duration or Length of the Murmur:

Short Moderate Long

44 3 5

The Amplitude:

Very Low Low Medium High

4 37 10 1

Area of Maximim Amplitude:

Apex Bage BEqually at
Apex and Base

14 16 22.




DISCUSSION:

Confusion and uncertainty have surrounded the subject
of the systolic murmur from the days of Laennec (6), and
is typified by that great Frenchman's own opinions.
Initially, he regarded a cardiac murmur as being due to
valvular disease, but latterly, he concluded that murmurs
were entirely without significancse. The pendulum of
opinion with regard to the murmurs found in cases with no
other evidence of cardiac disease has heen, and still is,
swinging in a simllar fashion.

There have been a number of studles of the clinical
aspects and clinical types of the murmur, but as yet thers
has been no extensive investigation into the more precise
phonocardlographic appearances. Studies of the clinical
aspects have been made by Potain (9), Abbott (1), Thayer
(10), Gibbes (5), Fineberg and Steir (4) and Levine (7).

There hawve been more recent contributlons by Contratto
(2) and BEvans (3). These authors have dealt with the age
incidence, sex incidence, the site of maximum intensity on
auscultation, quality, loudness and propagation, and have
commented on variation with respiration and posture. They
have suggested various classifications. Phonocardiographic
studies have been few. McKee (8), studied one hundred and
five normal children and recorded systollc murmurs, some
doubtful, in 90%; though a murmur was only audible in five

casgses., She noted that the murmurs followed the first



sound, and postulated a frequency about 120 cycles per
second. Evans (3), confirmed that these murmurs had.
initial vibrations in mid-systole in the majority of
cases and that a few began in late systole.

The fifty-two cases summarised above were referred
for speclal lnvestigation with widely varying presenting
features, but in every case the question was "what 1s the
type and the significance of the systolic murmur "2
Twenty-eight cases were referred because of the finding of
a systolic murmur, on routine examinstion in which no other
abnormality was present. Ten cases were assoclated with
haemolytic streptococcal infections, of these four had a
history of past acute rheumatism, three had had chorea,
two were post-scarlatina and one case suffered from
recurrent tonsillitis. Undue fatigue was the complaint
in four cases, effort syndrome accounted for two.
Rheumatoid aithritis presented in two cases and the
remainder were systolic murmurs in a case of pyrexia of
unknown origin, chronic bronchitis, a small consolidation
at the left lung base, a diabetic and a gravitational
oedema of legs.

No inference may be drawn from the sex lincidence of
this group. The age groups are largely in agreement with
previous clinical studies except for the lst decade,
probably due to the hospital dealing largely with the
more adult section of the population. It 1s noteworthy

that Potain reported an incidence of 12.2% of this type



of murmur in all patients seen in his hospltal service.
Thayer found the incidence to be 56.4% of patients in the
lst decade, gradually diminishing up to the 4th decade
when there was 19.2%. The figures quoted by Gibbes are
much similer to this series. |

The time of onset of the murmur is of first importance.
The initial vibrationsg in every case could be distinguished
to be separste from, and to be later than, the vibrations
due to the ejection phase of the ventricles, or third
component of the first heart sound. This feature, as
already described, being clearly elicited in the high
frequency band. The conslderable majority of forty-six
murmurs were considered to be "mid-systolic® ih onset and
slx were "late' or post systolic.

The frequencies of these murmurs were predominantly
within the medium range. The majority, (49 cases), were
best recorded in the unfiltered phonocardiogram and there
was noticeably less width of frequency range in comparison
with those murmurs of organic origin. In only five cases
could vibrations be seen in all three recordings.

The duratlon of the murmur was consldered to be second
in importance to the time of onset. Apart from a very few
cases, the durstion was short and most frequently dld not
extend from the onset in mid-systole to the second sound.
In only five cases was a long murmur recorded.

The amplitude was low in all except eleven cases and



and in only one case could it be considered to be high.
This case was an unusual type of late sgystolic murmur
which may have been due to an abnormal chordae tendiniase.
The murmurs were almost equally recorded at apex and
base and just over a third were recorded at both these
areas.
The innocent systolic murmur is, therefore, mid or
late systolic in timing, is most commonly of short duration,
of medium frequency, relatively narrow frequency range and
of low amplitude. A conslideration of these various factors
in the callibrated phonocardiogram offers wvaluable addltional
diagnostic information, and often can give visible
confirmation of clinical opinion in an important problem
which 1s so frequently presented to the physician. The
actual cause, in view of the essentially lnnocent nature
of the murmur, must remsin a matter of speculation and

further prolonged observation.
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- CHAPTER 11
In common with many other methods of investigation
in medicine there are phonocardiograms which are
borderline between physiological and pathological and
which can only be described as equivocal. Previous
workers with the phonocardiograph havé not discussed

such records.

TABULATION OF MATERIAL

Nunmber of cases - 20
Males ~ 10
Females - 10

Number of cases equivocal with regard to mitral stenosis 18
Number of cases equivoecal with regard to aortic stenosis

and incompetence - - 2

1

THE EQUIVOCAL MITRAL GROUP

Age Groups YEARS
1~10 11-20 21~30

6 10 2

S8inus rhythm was present in all cases.

‘ The Cardiac Size

Normal Slight Moderate Gross

Enlargement Enlargement Enlargement
14 4 - -

The E.C.G. was within normal limits in eleven cases,
L.A.D.. was present in two, R.A.D. in three, partial heart
block in one and changes consistent with pericarditis in

one. There was a slight degree of anaemia in two cases



The 3rd Sound

Accentuated Prominent Visible Total
4 10 3 17
The Number of Vibrations
Up to 3 3~ 5
Vibrations Vibrations
11 6
The Basal 2nd Sound
Accentuated Split Total
4 5 9
THE APICAIL, MURMURS
SYSTOLIC
The Time of Onset
None Barly Mid ‘ Late
Systolic Systolic Systolic
- : 6 - '
The Frequency
Low Medium High  All Low and  Medium
Fregquency = Medium and High
- 174 - 5 3

Thus;-

All the murmurs were recorded in the unfiltered

bhonocardiogram.

Three murmurs were seen in all three records.

Bight were seen in two records.



The Duration or Length of the Murmurs

Short Moderate Long

8 - 10

The Amplitude

Low Medium High

16 1 1

THE BASAL MURMURS

SYSTOLIC.
The Time of Onset
None Barly Mida Late
Systolic Systolic Systolic
5 ‘ 5 10 -
The Frequency
Low Medium High All Low and Medium and
Frequency Medium High
- 3 - 4 5 3
The Duration
Short - Moderate Long
5 - 10
The Amplitude
Low Medium High

10 4 1




CHAPTER 11.

DISCUSSION:

These phonocardiograms were derived from cases in
which the majority gave a history of past rheumatic
infection. A few were discovered to have murmurs during
a routine examination, presenting the problem of the
significance of a systolic murmur. The ages of the
cases were all within the first three decades of life.
Bach would require individusal critical examination of alll
the clinical findings and investigations before arriving
at a diagnosis, but the phonocardiogram, as a separate
entlty, was considered to show the necessity for a policy
of "wait and see" and for further follow up, before a
more definite opinion could be expressed.

As already discussed in the cases with established mitral
stenosis the features placing these cases in equlvocal
categories were:~- (1) the character of the systolic murmur,
(2) the presence of vibrations of doubtful significance in
diastole, (3) changes in the basal second sound and (4)
other factors in the clinical examination. A combination
of two or more of thesevpbints was usually present.

The group could be roughly divided into two sub-groups
by reference to the character of the aplcal systollc murmur.

- Those cases, six in number, in which the murmur was early
systolic were thought to have practlically.-all a mitral

incompetence, with the question of stenosis arising due



to factors such as prominent or prolonged third sounds, split
and accentuated second sounds, etc., being present, and as
yet no dlastolic murmur being seen.

The second sub-group had mid-systolic murmurs (12 cases)
in which other factors as described above, and the length,
amplitude or frequency range of the systolic murmur itself
were of doubtful significance. Though the sub-group as
a whole were probably "innocent" yet caution was considered
to be necessary. Two éases mentioned above had probably
mid-systolic apical murmurs as conducted elements from the
éarly basal murmurs of asortic stenosis.

The more detailed examination of a case in each of
these sub-groups may clarify the discussion. In the first
sub-group there was a boy, aged seven years, who was admitted
with a pericardial effusion of probable rheumatic origiln.
Following absorption of the effusion the heart was enlarged
to the left clinically and radiologically, and the E.C.G.
showed evidence of pericarditis. There was a harsh apleal
systolic murmir conducted to the axilla and an aplcal
diastolic sound of doubtful nature. The phonocardiogram
showed an early systolic murmur of high amplitude, long
duration and wide frequency range. Thers was a prominent
third sound and both apical and basal second sounds were plit.
The phonocardiogram was therefore equivocal, and was
thought to be indicative of mitral incompetence with
pPossible later development of stenosis. Two further

records at monthly intervals showed no change.



A typlcal case of the second sub-group was J.O.,
aged elght years who was convalescent followlng chorea.
Clinical examination, E.C.G., Z-ray and screening of the
heart were all within normal 1imits. There was a blowing
apical murmur. Phonocardliogram showed a mid-systolic
murmur slightly more pronounced at the base, of moderate
amplitude, low and medium frequency and of long duration.
A prominent third sound of 1-3 vibrations was present.
Thls and other records of its type were probably of
innocent murmurs.

There were two cases in this group where, because of
the type of basal murmur recorded, the problem of an
assoclated asortic stenosis arose, and in one of the two a
questionable early diastollc nmurmur of high frequency and
short dquration was seen, but these vibrations were not
sufficiently definite to warrant a dogmatic opinion.

A case worthy of separate comment was that of a glrl
of sixteen years of age, (E.A.), who presented as a sero-
fibrinous pleurisy. There was partial heart block. No
previous history suggestive of rheumatic infection could
be elicited. An apical systolic murmur suggestive of
mitral incompetence was seen, with a grossly accentuated
third sound varying widely in form. The amplitude in
some complexes was greater than the first or second sound,
and in others it appeared as a short, low frequency, low

amplitude, mid-diastolic murmur. This picture was similar



to that shown by a case of long established mitral stenosis
(vide supra).

There were two other cases of doubtful aortic disease.
One showed both early systollec and early diastolic basal
murmurs but neither entirely typical in other features.
The other case was of a doubtful early dlastolic murmur at
the base which clinically had been noted to be variable.
The murmur was dlscovered during routine examination and
all other clinical findings were wlithin normal limits.
In the phonocardiogram there was a mid-systolic apical
and basal murmur of lnnocent nature. It was doubtful
whether the diastolic vibrations were due to venous hum
or to a minor inter-auricular septal defect.

Equivocal phonocardiograms occur from time to time
when no definite opinion can be offered, and when both
mitral and sortic wvalvular lesions, elther stenosls or

incompetence, may be the features in doubt.



CHAPTER 12

THE MURMURS OF ANAEMIA.




CHAPTER 12

Summafy of Material

There were twenty cases in this group, in which twelve
were female and eight male.

Age Groups (Years)

1~10 11-20 21~-30 31~40 41-50 51~-60 61~70 71-80
- 6 6 3 1 P - <

There was sinus rhythm in every case, tachycardia
was present in two cases. One case had also a degree of
hypertension.

The blood counts are tabulated in the index. The
degrees of anaemia could be described as varying between
moderate and severe. Three cases were associated with
chronic myeloid leukaemia, and one was assoclated with
lymphadenoma.

The E.C.G.s were normal save in one case in which a
"poor myocardium" was suggested.

The Cardiac Size

Normal Slight Enlargement  Moderate Enlargement

15 4 1

SYSTOLIC MURMURS
Area Where Best Recorded

Apex Base Apex and Base
Egually

9 4 7




THE APTCAL SYSTOLIC MURMURS

In two cases no apical systolic murmur was seen.

The "Time of Onset"

Early systolic Mid systolic Late systolic

3 15 -

The Freguency

Low Medium High All Frequency Low and Medium Medium & High

- ) - 3 8 2

The Duration or Length of the Murmur

Short Moderate Long

16 - P

The Amplitude

Low Medium High

13 3 P

THE APICAL DIASTOLIC MURMURS

There were two cases, one of which recorded a
bPresystolic murmur. The other showed a mid-diastolic

murmur. They are discussed fully. (vide infra)

THE BASAL MURMURS

In all, sixteen systolic murmurs were seen at the

base, two were exclusively recorded at this area.



The "Time of Onset"

EBarly systolic Mid systolic Late 8ystoliec

1 15 -

The Freguency

Low Medium High All Frequency Low and Medium Medium & High
- 4 - 2 ' 8 2

The Duration or Length of the Murmur.

Short Moderate Long

14 P2 -

The Amplitude

Low Medium High

13 2 1l

THE BASAL DIASTOLIC MURMURS

In one case an early diastolic murmur of short

duration, high frequency and low amplitude was recorded.



CHAPTER 12.

DISCUSSION:

That cardiac murmurs occur in anaemia in the absence
of true valvular lesions has been recognised for nearly
ons hundred years, and though much has been written on the
auscultatory aspects of such murmurs, as yet 1little has
been definitely ascertained with regard to their
phonocardiographic appearances.

In the literature, Hope (10) and Laennec (13), are
- credited with first observing inconstant systolic murmurs
in cases of chlorosis. Bamburger (1), Irvine (12) and
Barrs (2), made further observations of systolic murmurs
in the same clinical condition. They noted the diminution
or dlsappearance of these murmurs with improvement in the
anaemia, and were of the opinion that such diminution,
coinciding with improvement served to distinguish them
from murmurs of valvular origin. Hermann (9) included all
cases showing anaemia and thought that they were due to
temporary mitral insufficlency caused by dilatation of the
mitral ring, while Streick (17) enlarged upon thls aspect
and included references to cardiac dilatation and fatty
degeneration of the heart muscle as further contributing
features. Further similar observations were made by
Ellis and Faullmer (5), and Hunter (11l). The latter

recorded on a phonocardiograph, a few mid-systolic murmurs.



He mentioned on auscultation the occurrence of a third
sound, and an abrupt accentuated apical first sound
associated with dardiac enlargement and tachycardia
respectively. Eveans (4) recorded a mid-systolic murmur
on phonocardiographic examination of some cases of anaemia.

A diastollc murmur 1n anaemia was first described by
Freidrich (6) in 1861, and further observed in two cases
by Sahli (16). Cabot and Locke (3), Ortner (15), and
Morse (14), each reported a case. These murmurs were
soft, short, high pitched diastolic murmurs best heard at
the base of the heart. Goldstein and Boas (7), reported
an incidence of such murmars in 10% of thirty-nine cases,
which is much higher than genserally reported. Ellis and
Faulkner (5) found only one in a series of forty-six cases,
and Hunter (11) had one similar case in a series of thirty-
four. These murmurs were generally agreed to be due to
sither mortic or pulmonary valve incompetence of a
functional nature, and almost invariably disappeared on
improvement with the anaemia, which was usually of a
severe degree.

Pregystolic apical murmurs in anaemla have been
described by a number of workers. The earllest record
was by von Noorden (18) in 1891, Goldstein and Boas (7)
reported a case. Gunewardene (8) found a number of cases
in severe ansemia associated with ankylostoma infections,

and Hunter (11) observed one case. Ellis and Faulkner (5)



were unable to find such a murmur in their series and
expressed the opinlion that perhaps confusion of a booming
first sound, or presystolic gallop in thin chested people
with over-active hearts, may have led to previous reports.
These murmurs also were noted to disappear with improvement
in the anaemia, glving rise‘to the opinion of thelr
"functional™ nature.

The cases showing aplcal systolic murmurs could be
divided into two groups by reference to the time of onset
of the murmur. There was, thus, a group of fifteen mid-
systolic murmurs and another of three early systolic
murnurs., The mid-systolic murmurs were all of short
duration, thé ma jorlity were of low and medium frequency,
of relatively narrow frequency range and were of low or
moderate amplitude.

Their characteristics were, therefore, simllar to
those of the "innocent murmur" as already described, and
they were considered to have essentially a non valvular
origin. In addition to other factors, 1t 1s possible
that inereased cardiac action and altered blood viscosity
played a part in their production.

With regard to the early systollc murmurs. In one
case the murmur was consgidered to be due to conducted
vibrations from the basal regilon. The remaining two
murmurs were of long duration, wide frequency range and

of moderate or high amplitude. These characteristics



were similar to those murmurs due to organic mitral
incompetence. It was likely that the essential feature
causing their production was functional mitral incompetence.
It was significant that these murmurs occurred in severe
anaemias. In one case there was moderate cardiac
enlargement, in the other cardiac size was within normal
limits.

There were two cases in which diastolic murmurs were
recorded at the apex. In one case, a female, aged fbrty-
six years, with a severe leuco-erthroblastic anaemls
assoclated with the terminal phase of a chronic myelold
leukeemia, a questionable roughening of the first sound
became audible as the anaemia progressed. Phonocardiogram
showed a short "presystolic" murmur of relatively low
amplitude and low frequency, continuous with an early
systolic murmur which had the characteristics suggestive
of relative mitral incompetence.

Subsequent post mortem examlnation showed a fatty
flabby myocardium but no evidence of mitral valve disease.

The other case i1s worthy of more detailed report. She
was 26 years of age, and complained of breathlessness,
retrosternal pain, and sore tongue, of two years' duration.
The blood plcture was that of Pernicious Ansemia with Hb.

32 per cent of 14 grams, ReB.C. - 1,420,000 per cu.mm. W.B.C.
2.800 cu.mm. The first phonocardliogram was taken on 17.11,48.

The aplical recordings showed an accentuated third sound, a



low frequency, low amplitude, long, mid-dlastolic

murmur and an early systollc murmur of medium and high
frequency, low amplitude and relatively short duration.
The appearances were indistinguishable from those of
mitral stenosis. At the base the phonocardiogram showed
an early systolic murmur of low amplitude, of medium and
high frequency and of moderate duration, and a short, high
frequency low amplitude early diastolic murmur. These
suggested aortic stenosis and incompetence. All these
murmurs were audible clinically, the phonocardliogram was
requested for confirmation. On 30.1.49, the blood count
was Hb. 100 per.cent of 14 grams, R.B.C. - 4.410.000 cu.mm.,
W.B.C. 8.000 per cu.mm. The phonocardiogram taken on that
date showed a mid-systolic murmur of low amplitude, medium
frequency and short duration, the characteristics of an
Innocent systoliec murmur. There had been no cardlac

enlargement.

THE BASAL SYSTOLIC MURMURS:

There were 16 systolic murmurs recorded at the base.
Apart from the case described above these murmurs were
mid-systolic in timing, were of low or medium frequency,
narrow frequency range, short duration and relatively low
amplitude. The appearances were those of the "innocent"

type of systolic murmur.



To summarise, 1t may be stated that the majority
of the murmurs found in cases of anaemia are systolic
murmurs having the characteristics of the "innocent"
murmur . In a small proportion of cases and associated
with severe anaemla there may be a functional mitral
regurgitation. Less commonly, e murmur of functional
aortic incompetence and of aortic dilatation may sppear
at the bage. Rarely, and in severe long standing cases,
murmurs may be heard and recorded which are
indistingulshable from those of mitral stenosis. The
important feature 1ls thelr dlsappearance with the
improvement in the blood picture.
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CHAPTER 13.

MURMURS IN HYPERTENSION.




CHAPTER 13.

TABULATION OF MATERIAL.

Phonocardiograms were taken in cases of Hypertension
where murmurs were audible. An estimation of the incidence
of murmurs was not sttempted.

There were twenty cases of which ten were female and
ten male., The ages were from the 4th decade onwards
except for two cases in the 3rd decsade. Auricular
fibrillation was present in two cases. The
Electrocardiograms showed changes appropriate to the

condition of hypertension.

The Cardiac Size:

Slight Moderate Marked
Normal Enlargement Enlargement Enlargement

7 7 5 1

Four cases showed a split lst sound, and an equal

number showed accentuation of the 2nd sound.

APICAL MURMURS
Systolic Murmurs: ‘

In nineteen cases a systolic murmur was recorded at
the apex.

Time of Onset:

Early Systolic  Mid Systolic Late Systolic

2 17 -




The Frequency:

Low Medium High  All Frequency Low and Medium
Med ium and High

- 7 - 4 3 5

The Amplitude:

Low Medium High

15 3 1

The Length or Duration:

Short Moderate Long

13 3 )

Diastolic Murmurs:

In two cases an early diastolic murmur was recorded at
the apex. In both, the onset was in early dilastole with

the frequency high, duration short, and the amplitude low.

BASAL MURMURS.

Systolic Murmurs:

In thirteen cases a systolic murmur was recorded at
the base.

Time of Onset:

Barly Systolilc Mid Systolie Late Systolic

3 10 -




The Freguency:

Low Medium High  All Frequency Low and Medium
Medlum and High

- 6 - 3 | - 4

The Amplitude:

Low Medium High

The Duration or Length:

Short Moderate Long

Diastolic Murrurs:

In only two cases diastolic murmurs were recorded at
the base. They were of predominantly hligh frequency, of

low amplitude and short duration.



CHAPTER 13.

DISCUSSION:

The conception of Hypertension and its effects on
the heart may be said to have originated with Bright (1),
in 1827. The classical description of the physical signs
by Traube (12) in 1870, led to its widespread recognition.
Since then the literature on the various aspects of
Hypertension has probably become one of the most voluminous
in medicine, but there has been surprisingly little written
on the subject of associated changes in the heart sounds and
murmars, and there has been no phonocardiographic study.
Evans (2) described an apical mid-systolic murmur end an
early dlastolic murmur which were recorded in cases with
hypertension.

A study of the literature has shown general agreement
that, with regard to auscultation, there may be a "booming"
aplcal first sound which may seem prolonged. Not ﬁncommonly
i1t 1s split, though Romberg (10) showed that slight splitting
of the first heart sound occurred in 10% of perfectly healthy
people. The second spical sound may be unduly lomd. The
second aortic sound may be accentuated, according to Janeway
(7) in two-thirds of all hypertensions and may be of the
ringing character known as "bruit de Tabourka". Skoda (11)
observed such a ringing note in aortlc sclerosis with a

healthy sortic valve. Gallop rhythm may occur, proto-



diastolic or presystolic, the latter more commonly in left
ventricular fallure. |

In uncomplicated cases, without evidence. of failure,
a systolic murmur may be audible at apex,base or at both
areas, Fahr. (3), Janeway (7), Fishberg (4), White (13),
Evans (2). According to these suthors the murmurs may
have a wvarligble origin. They may be of cardio-respiratory
nature or be due to ventricular hypertrophy. Athero-
sclerotic changes in the mitral or aortic wvalves and in
the sorta may be responsible. A complicating anaemia in
cases with chronic nephritis may cause such murmurs, and
lastly a relative mitral incompetence may occur when left
ventricular dilatation ensues.

Sclerotic changes in the aortic valves produce aortic
diastolic murmurs akin to aortic insufficiency, Gibson (6),
Kahler (8), Evans (2) and Garvin (5). In fourteen of the
cases described by the latter, autopsy revealed no
insufficiency and the murmurs may therefore be functional.
He considered this due to a combination of dilatation of the
terminal outflow tract of the left ventricle and stretching
of the asortic ring by the high aortlc pressure.

Fishberg points out the frequent occurrence together
of mitral stenosis of rheumatic origin and hypertension
which may account for reports of mitral diastolic murmurs

in hypertension.

Paullin et al (9), found mitral systollc murmurs in



26%, sortic systolic murmurs in 5.8% and sortic dlastolic
murmurs in 2.4% of their series of 500 cases.

It is difficult in many cases to determine whether
the systollec murmur, audible at apex or base is of
functlonal origin, valvular origin, or due to aortic
diiatation. The phonocardiograph can offer additional
Information 1n many of such cases.

A series of 20 cases 1s presented, the majority of
which were of hypertension of uncomplicated nature and
not accompanied by damage to the cardiac valves. The
murmurs of aortic sclerotic lesions have already been
described and 1llustrated 1n the chapter dealing with
aortic disease.

Two distinctive types of systolic murmur were again
found. With regard to apical murmurs there were two
early systolic murmurs, of wlde frequency range, high
amplitude and long duration, which therefore could be
consldered to be of organic origin. One occurred in a
case complicated by an aneurysm of the descending arch of
the aorta in which the murmur was thoughtto be conducted
from the base of the heart. The other murmur was also in
a complicated case where a woman of 32 years of age presented
with a severe hypertension and a conslderable anaemia. The
murmur was probably due to relative mitral incompetence.
In this case also, a short, early diastolic murmur of high

frequency was recorded at the apex, but not at the base, and



may have been due to a relative aortic incompetence.

O0f the other seventeen apical systolic murmurs, five
- were conducted elements of more prominent basal murmurs.
All these murmurs were mid-systolic in onset, with the
considerable majority of relatively narrow frequency
range, low amplitude and short duration. The
characteristics were those previously found in murmurs
of an essentially "functional" nature.

Four of the thirteen basal systolic murmurs were
thought to be conducted elements of more prominent apical
murmurs. There were three early systolic murrmrs of wide
Tréquency range, high amplitude and long duration. The se
were therefore considered to be due to sclerotic changes
in the sortic velves or in the aorta. On later scrutiny,
other clinical features in these céses tended to confirm
this opinion.

The remaining ten murmurs were mid-systollc in timing
and possessed the other features mentioned above as indlicating
a "functional® origin.

Three diastolic murmurs of early onset, short duration,
high frequency range and low amplltude were recorded. One
has already been discussed. The other two occurred in
asgsociation with early systollc murmurs and were thought
to indicate a minor degree of aortic incompetence.

With regard to this small serles, the murmurs of

uncomplicated hypertension were therefore most commonly of

"functional" charscteristics, and as Evans (2) suggests may



ha%e originated in‘cardiac hypertrophy. They were
recognised in the phonocardiogram by a mid-systolic onset,
narrow medium-frequency range, short duration, and low
amplitude. The exceptions were those cases where the
tracing may have denoted sclerotic changes in the asortic
valve, by the "organic" characters of the systolic murmur,
and in some of which cases a short, early, high frequency
diastolic murmur indicated a degree of aortid incompetence.
It 1s noteworthy that there was no correlation between

cardiac size and the characteristics of the murmurs.



References:

l. - Bright, R., (1827), Reports of Medical Cases with
a view of illustrating the Symptoms and Cure of
Diseases by reference to Morbid Anatomy., p.22,
London; Longman, Reese, Orme, Brown and Green.

2. - Evans, W., (1947), Brit.Heart.Jour., 9, 229.

3. - Fahr, G., (1923), Jour.Am.Med.Ass., 80, 981.
(1L928), Am.J.Med.Sc., 175, 453.

4, - Fighberg, A.M., (1937), Heart Failure, p.419,
London, Henry Kimpton.

5., - Garvin, C.F., (1940), Ann.Int.Med. 13, 1799.
6. - Gibson, G.A., (1911), Edinburgh Med.Jour., 6, 210.
7« = Janeway, T.C., (1913), Arch.Int.Med., 12,755.

80 - Kahler, K-Hc, (1924), Ergebo do 1nno }Jedo Ue
Kinderk, 25, 265,

9. - Paullin, J.E., Bowcock, H,M., Wood, R.H., (1927),
Am,.Heart.Jour., 11, 613.

, 10, - Romberg, F., (1921), Krankhelten des Hertzens,
- 3rd Ed. p.106, Stuttgart.

1ll1. - 8koda, J., (1853), Auscultation and Percussion,
pe.244, London.

12. - Traube, L., (1870), Gesammelte Beltrage, 2, 978,
Berlin.

13. - White, P.D., (1946), Heart Disease, p.436, New York,
The MacMillan Co.,



 GHAPTER 14.

MURMURS IN THYROTOXICOSIS.




CHAPTER 14.

TABULATION OF MATERIAL

Phonocardiograms were taken in sixteen cases which
had audible murmurs. Thirteen of the cases were female
and three were male. In only one case the rhythm was
auricular fibrillation.

Severity of Cases:

Slight Moderate Severe

2 13 1

Cardiac Size:

Normal Slight Moderate Marked
Enlargement Enlargement Enlargement
6 6 2 2

One case had undoubtedly a complicating mitral stenosis,

and its murmurs are not included in the following analysis.

SYSTOLIC MURMDRS

Place of Maximum Intensity:

Apex Base Equally at apex and base -

6 6 S




The Tlme of Onget:

Early Systolic Mid Systolic

Late Systollc

6 9

The Freguency:

Low Medlum High All Frequency

Low and Medium
Medium and Hlgh

- ) - 4

- 9

The Amplitude:

Low Medium High

10 4 1

The Duration or Length:

Short Moderate Long

9 1 5

DIASTOLIC MURMURS

' No diastolic murmurs were seen in this series. The

heart sounds themselves were not studied in detall, no

obvious phonocardiographic abnormallty could be discerned.



DISCUSSION:

The heart in Thyrotoxicosis has been the subject of a
vast literature since the disesse entity became known
following Egeberg's (4) work in 1850. Parry (13), the
Bath physiclan who is credited with first deseribing the
clinical features, published his eight cases in 1786.
Flajani (7) in 1802, recorded heart disturbance associated
with a tumour in the anterior part of the neck. Adelman
(1) correlated a type of cardiac disease with goitre and
was probably the first to do so. Von Basedow (16),
described the assoclation of goitre, exophthalmoé, and
cardiovascular symptoms, and other authors followed suit.
Graves (9) gave a particularly clear description, but 1t
was not until Egeberg that the entire disease entity
became known. Since then many works have made the
thyrotoxic heart clearly understood. Worthy of mention
are Rose (14), with whose work the condition became widely
known, and Krause (11), who introduced the conception of
the toxic goitre heart. More recent studies have been
made by Dameshek (3), Goodall (8), Levine and Sturgis (12),
Burnett and Durbin (2), Ernstene (5), and Sitkoff and
Llevine (15), among many others.

Changes in the sounds and the finding of murmurs
have been noted from very early times, as yet no
Phonocardiographic study has been made.  Summarising the

literature, in uncomplicated cases of thyrotoxlcosis the



heart sounds are often loud, in one of Gravea' original
cases they could be heard at a distance of 4 ft. Many
writers stress the feature of an abrupt first sound which
may be accempanied by a thrill, and which may easily be
mistaken for the presystélic thrill and murmur of mitral
stenosis. The second pulmonic sound is frequently
accentuated. Kerr and Hensel (10) point out that commonly
in the thyrotoxic heart radiography may show a dilated,
prominent pulmonary conus, making differentiation even
more difficult. There is obvious importance of the
phonocardiogram in these cases.

Systollic murmurs are very common, and on auscultation
various types have been heard. A systolic murmr 1is
frequently found at the pulmonic area, localised, of
blowing character, and thought to bé due to pulmonary
artery dilatation, Fishberg (6) end Dameshek (3). A
superficlal scratching character has been described,
Goodall (8). Apical murmurs have been heard, of soft or
harsh quality, éither locallised or diffusely conducted.
Fishberg (6), considered them to be cardio-respiratory in
origin., Others including Willius (17) and Goodall (8),
classed those murmurs with a variable transmission as
dilatation murmurs, either of ventricular origin or due to
a relative incompetence of the mltral ring, or less
frequently, of the tricuspid ring.

The bruit over the thyroid gland has not as yet been



photographed. It has been described as being sometimes
continuous, but more commonly systolic in timing.

The group of cases was small in number, sixteen cases
in all, but it was thought to be representative. In
addition to the tracings from the cardiac area, records
were attempted from over the thyroid gland in three cases
where a brult was clearly audible. In one case there
was a complicating mitral stenosis of rheumatic origin
which was not included in the analysis.

Six early systolic murmurs were recorded, four st the
apex, and two at the base of the heart. All these murmurs
had features of frequenqy range, amplitude and duration,
which placed them in the "organic" category. In the two
cases with basal murmurs, other features including
radlology, suggested that one murmur was due to aortic
dilatation, and the other probably caused by pulmonary
artery dilatation.

The four early systollc murmurs seen at the apex were
regarded as being due to a relative mitral incompetence,
one such murmur was not entirely characteristic but other
features of the case tended to confirm this opinion. The
presence of a marked third sound in another record placed
1t in an "equivocal™ category warranting further observation.

The remaining nine cases showed mid-systolic murmurs
with the charactefs already stressed as indicating a |

"non-organic" or "functional origin. Two were seen



exclusively at the apex, four exclusively at the base, and
three were present at both areas.

No direct correlation of cardiac size with the type of
mﬁrmur could be made, save that a degree of enlargement was
assoclated with all the murmurs of "organic" nature.

The thyroid bruit in all three records was seen to
have both systolic and diastolic elements. In two cases
the vibrations were continuous throughout systole and
diastole. The other bruit consisted of a long
predominantly late systollc element continuous with a
short early diastolic phase. The frequency ranges were
wide and the amplitudes moderate or high.

Numerous records of a brult were taken with variastion
of the position of the microphone over the thyroid, and
with pressure separately applied to the jugular veins and
the carotid arteries. No significant alteration in the
vibrations occurred. This may indicate that the brult is
derived from intra-glandular vessels.

To gsummarise, it may be necessary to seek the ald of
phonocardiography to dlstinguish the features of sounds
and murmurs where a complicating mitral stenosis is
Suspected. The tracings may indicate the comparatively
common presence of a relative mitral incompetence (four
out . of fifteen cases in this series), and would give added
confirmation that a systolic murmur was of "functional®

nature.
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ABNORMALITIES OF SOUNDS




Abnormalities of Sound

Though the investigation was primarily concerned
with murmirs, during its course abnormalities of sounds
occurred in a number of phonocardiograms. No discussion
of the abnormalities 1s contemplated, but it was considered
to be worth while showing examples of some of the tracings,
to demonstrate the value of phonocardiography as a whole
end the excellent results produced by the present method
in visualising auditory impressions which may, or may not
have been correctly interpreted. In addition, 1n spite
of the recognised inadequacy of the E.C.G. as a timing
device, in the majority of cases it can be seen to be

adequate for clinical purposes.




CONGENTTAL HEART DISEASE




Congenital Leslons

During this Investigation phonocardiograms were
taken in cases which proved to be various types of
congenital heart disease. A number of these records
form a section of cases, other aspects of which are
being studied by a colleague and no intensive
scrutiny was therefore carried out. It was considered,
however, worth while demonstrating a number of murmurs
thought to be typical of certain leslons. The

following representative phonocardiograms are exhiblted.




SUMMARY AND CONCLUSIONS




SUMMARY AND CONCLUSIONS

A historical survey of heart sound recording is
presented. The various methods employed and their
advantages and- disadvantages are discussed.

It 1s concluded that electrical methods are the more
simple and efficlent for clinical application. The
difficulty of individual frequency response of each
Instrument is thought to be obviated by employing several
frequency ranges, and electrical filtration to have
advantages over other forms. |

| The frequency ranges of heart sounds and murmurs are
reviewed.

An apparatus producing a simple calibrated
phonocardiogram is described. The frequency ranges are
not entirely 1deal. A survey of the work done suggests
that a high frequency band of from 100 cycles per second
upwards is probably better than that extending from 140
c¢ycles per second.

There is a discussion of the correlating timing
devices which may be employed, and a historical sketch
of their methods of recording. Observations are made on
the merits of the various types. For routine purposes it
was decided that the electrocardiogram is sufflcient.

The conditions of work could have been improved upon.

A sound-proof room is ideal, but even reasonable quiet is



all that is required. The room in which this invegtigation
took place 1s situated in a particularly noisy basement
corrldor; even then good records were produced.

A room screened to prevent electrical interference
i1s not necessary but would be a decided advantage. A
simple earthed wire-net screen is all that is required.
X-ray appliances are particularly liable to cause such
interference., With this apparatus and a reasonably quiet
screened room, no diffilculty would be found in producing
almost perfect phonocardiograms with speed and accuracy.
The apparatus is improvised, and therefore slightly more
complicated than 1s desirable, but each component could
be easily adapted and built together to become a single
compact unit.

In different forms of phonoéardiogram, the appearances f
of the heart sounds, theilr correlation in time with the
electrocardiogram , and the advantages of the harmonics of
certaln components sharply defined by the high frequency
tracing are set forth. It is suggested that the timing
of murmurs by reference to these harmonics 1s most wvaluable.

The natural hisﬁory of the development of murmuﬁs and
changes in the sounds in mitral stenosis, and findings with
regard to diagnosis in a series of elghty cases, are
described and illustrated. The characteristics of the
murmur of mitral incompetence are defined. There 1s

special reference to the third sound which 1s a prominent



feature. The controversy with regard to its origin is
outlined and the opinion offered that the festures are
similar to an accentuated physiological third sound.

The murmurs of aortic valvular disease of rheumatic,
sclerotic, syphilitic and traumatic origin are discussed
and illustrated. The value of selective high frequency
recording of aortic diastolic murmurs is shown. Examples
of the bruit over aortic aneurysms are demonstrated.

The debate on the exlstence, features and origin of
the "Austin Flint" murmur is expounded. Examples are
shown. It is thought that it exists and 1s evidence of
a relative mitral stenosis.

The M"innocent" systolic murmur is investigated in a
series of fifty-two cases. The history of opinion is
surveyed, the phonocardiographic features are eliclted
and 1llustrations shown.

Certain phonocardiograms fall into an "equivocal"
categofy end the various aspects of such tracings are
explained.

Historical sketches are given of the murmurs which
may occur in sssocliation with anaemia, hypertension and
thyrotoxicosis. Series of cases in each condition are
analysed and the murmurs discussed and 1llustrated. ?
Tracings of the thyroid bruit are shown.

Examples of murmurs found in the various types of

congenital heart disease, and abnormalities of sounds met :



with during the investigatlion are demonstrated.
It 1s thought that the c¢linical application of
phonocardiography 1s expanding in scope and increasing

in importance with the improved accuracy of recording and

interpretation.
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LURIURS

Syatolic
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Abnorma- Diaatelic o
litiea “TIme “Tlme Cardiac
Rhythn of. of Fre=- Dura- Ampli- of Fre- Dura- Ampli- Size En-
Neme Age Sex  Rate Soundas Oraet qusncy tien tude Onaet quency tion +ude largement E.C.G. Remarka
JH. 11 u  eainus 3rd early all fre- leng ned- mid,pre- low & leng med- moderate, NAD Rbe. 3.78 mi11.
: 120/mdn. esccen- guency fum syatellc medium ium left auri- Hb. 7%
tusted accent,}~—-&high ‘ cle 4 Wbe. 6.200
L.T. 50 M A.F. 3rd early medium short low early. all fre- through- low mederate, A.F. -
88 fnin. promi - & high wid die- quency eut dla- lef+ guri-
nent atolic all fre- =ztole cle ¢
nd accent, quency :
baaal
aplit
Mra. 27 F  slnus 2nd - nene - - early. all fre- +throupgh- low moderate, auricular -
4.D. 70/min, basal : presyad quency,  out die- right ven- hyper-
accen= tollc high atele tricle4 , trophy
tuated accent. left auri-
cle 4
Mra, 50 P AJF. - - none - - mid. low short low ne definite A.F. peor -
E.R. 88 /min. enlargement nyo-
, cardium
AC. 50 M (1) A.F. Zrd - none - - mid  all fre- variable med=- moderate, AT, demonstrated
' 96 /min. accen- : quency with die- {um right ven- diminutien of
tuated atole tricle ¢ , the murmur
| left auri- with sleowing
‘ cle 4 of auricular
(2) A.F. Zrd - none - - murmur much diminiahed in all characters wenow A.F. fibrillation
5e/min. accen-
tuated
TS, A W (1) - early medium long med-  early. gll fre- through- low marked , conaia~
1 sinug & low lun preayas- quency out dla- right ven- tent with
90 /min. tolic atole tricle4 , mitral
accent. left ven-- dlreane
tricle4=.
(2) - " " " " preayatolic element more marked. wonow " developed anr-
noow tic diasztolic,

aeen in 2nd
record
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MURIGURS

Abnorma- Syatolic Diartalic
1ities Time Tme ' Cardiac
Rhy+hmn of of Fre- Dura- Aumpli- of Fra- Dura- Aunpld - 51ze En-
Neme Age Sex Rate Sounds Onaet  quency tion tude Onaat quency tion tude largement E,C.a, Renmarka
P. 42 ¥ 1) Zrd early all short 1low presy- all fre-  short med- moderate, tall no mid-dioston
McK. sinus promi- fre- atelic. quency ium £enera- natohed 1lic 4aon
o0 /min, nent quency prominent 11 sed P waven
in medium
renge
(2) " " " " N aimilsr, low frequency, low ampli- " " mid=dinatellic
ainus tude, mid-diaztolic of short just vialble
£0 /min. duration juat viaible
J.C. 44 1 alnus end - nons - - mi de Low & long med= moderate, t8ll -
&0 /min. banal preay=) medium fum genera- notched
accen- atplic high - - 1ined . P waves
tuated accen‘t}.
XK. 19 F  sainus - early low & long med- mid- low & long low moderate, " -
90/min. nediun fum preayd  medium left auri-
atell c>—' high cle 4. left
accent “yentricle$
G.C. 5 M A.F. - - ‘none - - early.  low through- low alight,left  AF.
, 68 /min. out dla- auricle 4, R,A,D,
_ atole pulmonary
conu 4=
Mra. 63 F  AF, : - early  high shert low presy- low - - generalined A" right Bp 145 /41
A.D. 80 /min. ' - atelic, warked, sug- ventri-  long dlesteld
goata mitral  culsr of rumbling
lealon hyper- character
+rophy previoualy
ausculinted
with AF.
100/min.

COn't'd-//
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JZURMURS
Abrorma- Syatellc , Dlantelic
1itien Time Time Cardiac
Rhythnm of of Fro=- Dura-  Ampli- of Fre- Dura- Ampli-  Size En-
Name Age Sex Rate Sounda Cnaet  quency tien tude Onset quency tion tude largement  E,C.G, Remarkn
Mra, 41 F AF. Zrd accen- - none - - mid, low & long low slicht, AF.
M.S. 50/min. tuated ' med§ um mitral right -
2nd basal configu- vent,
accen- ration strein
tusted
& =plit
J. ES M AP, - early medium short low md. low & long low slirht, AF, 'B.P. 90 A45.
MeL. &0/min. medium mitral R.A.D,
configu- .
ration
T.C. 40 F  sainun 2nd - none - - mide all frs- Jlong low alight, R.A.D. -
90/min. banal presy<) gquency IF vi- mi tral
aplit 3tolic high brations corfigu-
accent betweaen ration
nd=3rd
agund
M.T. 48 T A.F. 2nd. early . high short low mid, low & long, low alight, AT, veriable L.F.
a0 /min. baaal ' mediun  varia- mitral R.A.D, vibrations be -
eplit ble configu- twesn Znd and
: ration 3ré aseunda
uP. 27 F A.F. - parly  med- long  low mld.  low long  low mpderate, R.A.D. -
f4/mir, fun ' left sur-
icless
"‘¥ra, 40 F  ainue nd - none - - mid, low short low marked, R.A.D. -
uw, £2/min, basal ac- ' left aur-
centuated icle ¥
& aplit
FB. 19 F AF. 3rd accen=- early medi-um long low early, low & through~ low marked, AF. -
24 /min, +uated & high medium  out dla- left aur-
stole lclets
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LURMURS
Abnorma- Syatolic Dlaatollc
litiea “Time ~Tme Cardiac
Rhythm of of Fre- Dure~  Ampli- of Fre- Dura-  Ampli- Slze En- ‘
Name Age Sex Rate Sounda Onset quency +ion tude Onaet guency tion tude largement E.C.G. Remarke
L.G. 12 M A/F. 3rd early mnedium mede- low md. all fre-  long high moderate “AF, -
82 /min. accen- & high rate quency
tuated predomi-
nant low
& medium
JB. 45 ¥ AF. 2rd - none - - md. low & vari- low moderate, AF, -
f4./min. promi- medd um able mitral R.A.D.
rent configu~
retion
Mra, 40 F A.F. 3rd early high short  low early. low threugh- low moderete, AF. -
AB. 112 /Mmin. seen ecut dla- left auri- poor
stole cle 4, left myecar-
ventriclet dium
Mra, % 7  sinue nd early medium mode-- med- md. lew & long med= 9light, P waven -
J McK 20 /min, basal rate ium preay-) medium ium mitral marked
aplit atolic cenfigura~
accent p~high tion
‘Mra., 32 T  ainun Zrd - none - - early, low through-  low 3light, 1eft R.A.D, =~
AS. 22/ min. aeen eut dla- auricle +
’ atole
pregy e high - -
atoldc ,
accent
JJH. 2 M AF. 3rd accen- early medlum long high mid. low & mode- low moderate, AF. BP 150,90,
. 90/min. tuated, 2nd & high medlum rate left auri- Aertic steno-
banal accer- cle 4, left +ic murmur
tuated and ventricle+ at base
aplit A
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MURMURS
Abnorme- Syatolic Dlastelic
litien TTme ~Time Cardisac
Rhythm of of Fre- Dura-  Ampli- of Fre- Dura-  Ampli- Size En-
Name Age Sex  Rate Sounda Onset quency tien tude Onnet quency tion tude. largement E.C.G. Remarke
MS. 61 F  sinua Zrd early medium long high mid, low & long low moderete, L.A.D, BP 140/80
78 Aidn, aseen & high prasy-) medium left ven-
atelic tricled
accent P~ high celeified
aortic
valve
H. 12 T  ainun - early medium mode- med- mid, low short low slight en~- #suggeats early case
McL. 108 /min. & high rate ium largement peri-
of left aur~ carditis
icle
JoYo 29 M ainua 2nd baeal early medium mede- med- mid, low long low alight ~ 8inus -
80/min. =accentu- & high rate funm tachy-
‘ eted and cardia
aplit
‘Mrs, 26 F  einus 224 baaal sarly medium leng med=- early. low through- low slight, newo
J.0. 100/min. accon= & high tun out dia-~ left aurl-
tuated 3tole cle +
w.B., 42 u AT, Zrd accen=- - none - - mid, low varia- low moderate, AF, -
90/min.,  tuated,2nd ble with left auri-
basal apit dlastola cle right ‘
ventricled
Mrs. 58 F  alnun - early medium short low mid, low long low alight, L.AD, =
M.F. 68 /min. & high prosys medium seme promi-
‘ stollc & nanca of
accentf~high left ventri-
cle
M. 18 F  ainus Zrd accen- early medium mode- med- mid, low short low no cardiac N,A.D. BP 100/80. en early
MeL. R8/mn. tuated bas- & high rate 1um anlargement case with develop-
: al 2nd ac- : ' ing atenosls
centuated
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MURMURS
- Abnorma- Syatolle A viadtollc o
1itien “Time . ~MTme Cardisc
Rhythm of of Fré=- Dura- Ampli- of Freo- Dura=- Ampli- Siza En-
Name Age Sex Rate Seund» On3et  quency tlon tude Onsst  quency tion tude largement E.C.G. Remarks
HM., 56 M einus 2rd sccen- Early medium long high mid. low long low moderate, Broad -
AR /min. tuated,ba- & nigh : loft auri- Rin
73l 2nd ac- cla pright 11
centuyated ventricles
AS. % ¥ sinua  3rd accen- early medium long low early, low through- low alizht, Broad -
90/min. tuated ba- % high : sut dia- left aurl-  Rin
3al 2nd - pragy=- 1tole cle 4 II
aplit. atolicpwme high - -
acceni}
JJI. 9 N alnus 3rd accsn- early high long high mid, low short low no cardlac  N,A,D, an early case
80/min.  tuated ' enlargement
baral nd
aplit
EB. 4 F sainun 3rd accen- - none - - mid. low long low sllght pro- R,A.D. -
f0/min,  tunated, presy-) medium - - minencs of
: basal 2nd stollcl and left auricle
aplit acesnt)™ high
N.P. 13 F alnue Zrd accen- mid high short low nid, low vari- low ne cardiac ainua mid=diastnlic
: 100/min. tuated, : able enlargement tachy- bast s9an In
2nd accen= cardia bagal murmurs,
tuated and ‘ apical 3rd
aplit. 4th sound varios
3ound neen to a short dla-
5th aound 3tolic murnur
REON B

Cont'd./
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JURMURS

Abnorma- “Syatalle Dlartolic
1ities Time ¢ 877 Cardiac
Rhythm of of Tre- Dura=- Ampli- of Fre- Dura- Anpli- Size BEn- :
Neme Aze® Sex Rate sounda Onset  quency tion tude tn3et  quenocy tion tude largement E.C.G. Remarka
D. 49 ® (1) A.F. 3rd groea- mid, hizh short low mig, low vari- low moderate, AR, markedly ac-
McK. 100/min. 1ly accen- able left aurl- poor my- centuated Ird
tuated cle4 left ocardlum 2cund varles
vontriclad to become a3
(2) ahort mid-
3imilar diastolic
finding2 murmar
MJF. 41 F AR, Zrd deen, early medium long low early, 1low through- low marked, left AF, -
; 90 /min., particular- out dia- auricle + 4+, poor
' 1y at the stole left ventri-  myo=
bale cle ++ right cardium
, auricle 4
Mra., 30 TF  sinus 3rd aean early low & short low md, low long low moderate broad -
EdicA. 100/min., medium P waves
: presy-) medium
atolic}— and
accamt) high
9 rd promi- - none - - ‘early_ low = through- low slight, pul~ P waves -
B ®F ;é%:n. ian‘hp 2nd out dia- monary cenu? of
' baaa],. aplit 1tole +. loft aur- mitral
' preay-\ -high icle 4 type
stolic
accent
c 21 F sinus Zrd vialble e&ﬂy all fre- long high mid, lo: & short low nolcardi:;t N.AD. =
: dium enlargem
oG . 84 /min. quency me .
Mre, 30 F alnus Zrd early 1low & long medium mid, low long low ;tiﬁht. cg:}‘; - -
AlleC. 76/min. visible medium ry

Cont'd,/
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MURMURS
ALbnarma- Syatolle T Diastolic
lities Time Time Cardiac
Rhythm of of Tro= Dura- Ampli- of Tre=- Dura-  Ampli- Size En-
Name Age2 ©Sex Rate 5 oundn Onaat  quency tian tude Onwet  quency tion tude largement E.C.G. Remarks
J.B. 47 sinus Zrd - nene - - early. lowy through- low moderate, ainus -
100/min.  viaible aut dia- 12ft aur- tachy-
2nd baaal atolae lcle 4 cardia
- accantu-
atad & split
Mra. 43 AF. 3rd early low & long low mid, low short low marked, AR, -
8. MoG. 64 /min, viaible madlum 12ft aur-
icle s,
rizht ven-
tricle 4,
leoft ven-
tricls 4
H.C. 38 alnua 3rd . early medium long medium early low through- low marked, L.A.D, BP 130/40.bloed
90/min. proml- out dla-. left ven- eulture 4 ve
nent stole tricle+ atraptococcua
viridana
: G.6. 20 ainus - early high long low mid, ~ low long low 3lizht, L.A.D. BP 130/50.
80/min. ' left ven-
tricle 4=,
left auri-
cle 4
lira, 29 alnua 3rd early  medium mode-  medlum  mid,  low  long nigh marked,i g;;f Bﬁs];mfgi .
E.B. .‘0 min. accHn~ rate 1laft auri- ¢ ° ¢
9 / tuated ‘ clegeloft cardium Hb, 70}0
ventricle
-+~
E.0. 13 sinun - early  high very low mid, medium leng low moderate,  L,A,D,  BP 120/40.
100/min. ahort & high 1sft aurl-
cle 4 laft

ventricle 4

Cent'd,/
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MURMURS

Cont'd,/

Abnorma- Syastolic , T Diantolic
11tian “Tlne TTie cardiac
Rhythm of of Fra=- Dura-  Ampli- of Fre= Dura- Ampli- Size En-
Name Azs Sex Rate Sounda Onaet quancy il tude Ontet quency tion £1de larzement E.C.G. Remarka
J.G. 32 N %inu? Znd early medium long low early, low threugh- low ne
76 /min. basal aut dia- cardlac P waves BP 150/70
accan= 1tole enlarge- - of
tuated ment mitral
type
Mra., 3% T  alnun - early medium mede- low mid, low long low no cardiac L.A.D. BP 140/80
AicA. 84 /min. & high rate anlarge-
nent
AT, 24 M olnus 3rd early medium long med- mid, low - long low marked, Pwaves BP 150/50.
85/inin. accen- & high inm left ven- af
' tuated tricle 4, mitral
left auri- type
cle 4 ,pul-
monary
conut4
Mra, 45 F AJF. (1) 2nd early medium long low mid. low vari- low mod=rate, AF. -
A.T. 4% /min, basal & high : able left suri- L.A.D.
plit cle 4,left
ventrlicle s
(2) simi-
lar appea-
ranced
Mpa, 41 F A.F. Zrd early low long low md, low & short,  med- marked, AF, BP 110/65
AS. 44 /win. accon~ medium vari- {um left auri-
twated able cle + 4 laft
ventricle 4
M.- 17 T ainun Zrd early low & mode- low mid, low . long very no cardlac Pwaves . BP 120/60.
Mek. R2/min., accom- | medlum  rate ' low enlarge- “of .
tunted ment mi tral
type
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MURMURS
Abnorma- Syatellc Tlantolic
- litlea TTme T ime Cardiac
Rhythn of of Fre- Dura-  Ampli- of Fre- Dura- Ampli- 5iz9 En-
Neme Aga Sex  Rate S oundn Onaet quency timn tude Onset  qufncy tion +ude largement E.C.G, Remarks
Mra. 40 F AF. . Zrd early all long med= mid, all fre- shert, low marked, AF., BP 150/1.00
M. MeK 60 /min. jeen fre- 1um quency vari- 1sft auri- R.A.D,
quancy pradomi-  able cle4e,right
nantly ventricle
loyw &
medium
G 7. 20 M ainue Zrd early =all long high early, low through- low marked, 1aft BP 1360
: 92/min, asen fre- out dia- left auri- ventri-
2nd quency 3tole cle 4, right cular
apleal 7entricle ¢  hypar-
plit left ventri- +rophy
cle 4+ P wave?
of
mitral
typea
JL. 15 M einus Zpd early all long high mid. low long low moderata, R.A.D. BP 1.30/68
. 70/min. promi- fre- mitral
nent quency configu-
ration
G.F. 41 ¥ sinum Zrd early all long high mid. low long med- marked, left BP 1% /40
92/tmin. Promue= fre- fum. left ven- ventri-  Rbe. 3.070,000
inent quancy presy-\-high - - tricle +¢, cular Ho. 55
atolic left aurt- atrain ¥oc. 4200
accant} cle 4
G. 17 M sinus Zrd prom- early all long loy mld.  low short med- modarate, - BP 120/30
0. 114 /min. inent,2nd fro- fum mitral
basal ac= guency configu-
centuated ration
& 1plit
Mre, 62 F  ainus Zrd profi- early low & long low early, lew through- low moderate, poor BP 120/0 Accent-~
H.B. 72/mdn.  inant 2nd medium put dla- mitral nyo- uwatlon in mid
baaal 8c- atole configu- cardium diastole
centuated ration

Conttd,/
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MURMURS
Abnorma- Syatolic Diaatelic
1itien ™ me Time Cardiac
Rhythm of of Fro- Dura-  Ampli- of - TFre- Dura=- Ampld - S ize En- ’
Name Age Sax Rate Sounds onget quency tlan +ude Onast  quency tinn tude largement E.C.G, Remarka
J.Q. 41 1 sinue 2nd egarly low & short low early. low through- low moderats, auri- BP 130100
100/min.  basal medium aut dia- mitral cular c
wlit stole configu- hypar--
ration trophy,
preay-) all right ven-
atelic [ freo- tricular
accﬁnt} quancy - high hyper-
trophy
RH. 52 M AT, Zrd aound early all long high mld, low short, low mederata, AF., BP 130/70
R2/min.  92an, 2nd fre- rarl- zeneralised R.A.D.
basal ac- guency able
cantuatad
AG., 13 N sinue - sarly low & long high mid, low short low moderate ainua BP 140/50
100/min. medium tachy-
cardie
L.A.D.
Mrs, 28 F ainus Zrd early medium shert high mid.  low long med- moderatse, BP 120/85
AS. lOOﬁﬂin. vialble & high 1um 1lsft auri- Hb. 55,7:
cle <, left Rbc. 3%.720.000
vantricle 4 Woe. 1200
J&P. 20 M minus - early  high  short low early. low through- low alight, Pwaves BP 128/64
74. fdn, out dia- mitral of
presy-L. high 9tola - configu-  mitral
atold c}’ ration. type
accent
HB. 5 M 2ilnus 3rd accen- early wmedium leng high mid, low lang low slight,i Pwaves BP 140/58
110/min, tuated 2nd & high ) left auri- of
/i basal ’ac— preay-) high - - clos mitral
cantuatad atolic  fre- t
i accent j quency ype

Cont'd,/
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MURMUFS
Abnorme- Syatolle ' Diaatollc
1itlea Time — o Time Cardlsc
Rhythi of of Fro=- Dura-  Ampll- af - Frae Dura- Ampld- Size En-
Name Age Sex Rate _ Sounda Onset quency  tian tude Onnet  quency tlon +ude largement E.C.G. Remarka
JJP, 4 T alnum %rd promi- early medium  long low mid, low & long med- moderate, col- BP 130,30
f4/min. nent, 2nd medium fum left ven- bined
baaal ac- tricle 4, ventri-
centuatad 1eft auri- . cular .
cle 4= atrain
Mra, % T AJF. 3rd early all long nad- mid, all short med=- merked, AF, BP 104/50
C.i. 44 fmin, promi- fre- ium fre- tum 1left auri-
nant quency quancy cle 44, Left
rantricless
B.W. 11 F alnum %rd promi- searly all long med- very anort diaatelic phaas, 3rd moderate, 3inua BP 120,50
124 /Min, nent, 2nd fro- ium aounda & auricular sounda ummating mitral tachy-
baaal pro- quency incompletely to form a short, high cenfiguration cardia
minent amplitude preayatelic with 3ome with incomps-
vibratlions af high fregusncy tance predom-
inating
AM, 21 M sinua 3rd aeen, sarly all long low mid. low long very mederats, auri- BP 140/7%
90/min.  2nd basal fro- low configuration cular
accantuatad quency predyy, high - - of aortlc and hyper-
atolic nitral lealsn +trophy
accent
E.G. 31 F ainua Zrd early low & short med- late, low short low 21ight, Pwaves BP 110/75
98/min.  visible medium fum - - - mitral of
/ gzzi {c} high configuration mitral
type
JF. 33 M ainus Zrd accen-  early all long high mid. low long med- marked, com- BP 100/40
P0/min,  tuated,ba- fre- fum 1laft auri- bined
73l 2nd ac- quency cla4 loft yontri-
centuated ventricle+  cular
& plit atraln
JMe 29 F  adnua . 3rd viai- early medium  long low early, low long low marked, left  Pwaves BP 96/50
90/min.,  ibls, basal & high auricle ¥, of
2vnd split right ventri- mitral
cle 4, loft type
vantricle RAD
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Page 13.

MURMURS
Abrormna- Syatollic Diaatoalic
1itles T4 me T4 me Cardiac
Rhythin af af Fre- Durs- Ampli- of Fra- Dura-  Ampli- Siza En-
Name Aze Sex Rate 8 ound9 naet quency tion tude (nget  guency tian tude largement E.C.G. Remarks
Mra, 27 F  sainun Znd bazal early high mode- made= mid. low long very alight, Pwaves of BP 132/50
RifeD. 8% fuln, accantuatad rate ium low mitral mitral
& piit configuration  type
Mras, 27 F olnu2 Zrd early medium wode- med- garly. low  threugh- low 3light, L.A.D. BP 132/50
A, 50 /min, accan- & high rate lum . out dia- mitral
tuatad ‘ stolae canfliguration
AW, 37 W slnun Zrd - none - - early. low  threugh- low modarate, Pwaves -
60/min. vi1ible sut dla- left auricle of
3tole <+, pulmenary mitral
conut 4e type
C. 24 7  sinus Zrd early medium long low sarly. low through- low alizht, Pwavaa of diaatelic recerd-
MeG. 90/min, accan=- & high © preay-’ out dia- mi tral witral ed only in low
tuatad atelic atole configuration type frequency band
. ~ accen@;L'high - -
Mrs. 53 F A.F. 3rd promi- early medium leng  low md, =~ low  #hort law  marked, left AR, -
JcK. 100/min, nent,basal & high auricls+4 mi- L.A,D.
nd aplit tral configu-
ration
RJ. 42 F aipun 2rd early all long med- mid. low long low moderats, ~ Pwavad -
70/min. visible fre- ium left auricle of
quency +, left ven- mitral
tricla 4 type
Mra. 40 TF alnus . Ard early all long med- mid,  low long low mpderate, right -
J.w. 66/min. viaible, fre- fum left auricle  ventri-
basal nd gquancy preay-} high - - 4, left aurl- cular
accantua- atolic cle 4, mitral hyper-
accent traphy

tad & =plit

configuration




AORTIC VALVE DISEASE

RHEUMAT IC

(a) Associated with mitral stenosis.
(b) Not associated with mitral stenosis.
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BASAL !IURNMURS

Cont'd, /

(2) -
IHURMURS
Lbnoraa- ___( Syitelic o Diaatnllc o
1iti=9 TTine Time Cardiac Slzs
Rnythm of of Fra- Dura- Ampli- of Tre- Dura-  Ampli- Znlarse-
Name Age Sex Rate Seunda On3et  quancy $ien tude OGnaet  guency tinn fude ment E.C.G. Remark?
Mra. 5 F AR, apical sarly  all long  hizh early medium  short  low marked, left AF. BP 104/50
C.H. A4 /min. Ird prewn- fre- : & nigh ventricls 44,
inent quency left auricledt i
~ Mra. 27 T 3inus baral 2nd early all long high early high long med- glight, left L.4.D. BP 140/70 diaztelic
R.McD. Q8 /min. '3plif and fre- iy ventricle ¢, elicited by the
accentiated quency left suricled high frequency band
Mra, 36 F ainue aplcal early all long med- . early medium long, low mederate - BP 120/85
A.L. 8% /min. Ird fre- - fum & high  through .
o 7ivible quency diastols
"~ J.P. 30 M ainus aplit 13t  inde-  med-  short low early medium  short, low slight, consiy- BP 128/b4
: 74/wdn.  3ound, aurl- finite  ium & high  varl- mitral tent with
cular come m}day- able configuration mdtral
plex - 1tnllec diseasg
Miss 1 F ainus 3rd apical mid- all long low early all long, high moderate combined BP 120/30 difficult
J.P. 24 /min.,  prominent, 3yn- fro- fre- through ventricu- to eatimats the
2nd banal tnlic  quency gquency diastele lar strain beginning of ay?-
accantuated tale accurately
Misa 11 T ainun Zrd apical early low & leng med- early all through- med- moderate, ~ ainus BP 120/50
B.V. 124 /min.  prominent, medium iun fre- outshert ium laft ventri- +achy-
2nd basal quancy diaatole cled, left cardia
accentuated suricle¢
AlM. 2 M ainus 14 banal early  all long  high early high  through- high moderate, * aurl-  BP 140/75 diartellc
90/min. accentuated fre- fre- oyt suggarts aor- cular elicited by H.F.
quency guency dlastele tic & mitral hyper- recoerding
leaion trophy :
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Page 2.
BASAL MURIURS (Continued)

(a)
MURIMURS
Abnorna- Syatalic Diaatelic
litisa Time T Time Cardiac Size
Rhythm of of Fre=- bura- Ampli- of Fre- Dura=-  Ampli- Enlarge-
Name Aze Sex Rats Sounds Onset  qusncy tion tuds tnset  quency tlon tude ment E.C.G. Remarks
Misas 31 F  ainuz %rd early all long med- early medium short low alight, conai vtent BP 110/75
E.G. 98 /min. apical fro- fum & high mi tral with mi-
' visible quancy configuration tral
3tennalsg
JJF. 3 M ainus 3rd aplcal early all long high early all ahort low markad, left anterior BP 100/4-0
Ro/min. eccentuated fro- fre- rantricle +, corenary
‘ basal 2nd quéncy quency left in-
3plit auricle 4 sufficioncy
as 29 T ainuy Zrd epleal  early medium long  low early medium  leng,  med- marked, left  conalatent  BP 96/80
J . Q0 /min . visible, & high & high vari- ium ventricle ¢, with
bhasal 2nd able right ventri- mitral
aplit clag, left atenonals
auricled
Mra. 27 F  ainus ~ 3rd early medium long low early medium long med- 9light, con- connls- BP 132/50 dia-
AM. 90 /min, apical & high & high lum 31stent with tent with atolic olicl-
‘ accen=- a mitral mitral ted by high fre-
tuated lesion atenoala quency band
Mra, 40 F  einus Zrd apical none - - - earlj high short low modarate, right BP 130/90
J.V. 60/min. vialble, : right ventri- ventri-
’ 2nd  banal clad, left cular
accantuated auricley, con- hyper-
 and split sistent with trophy
uitral etenosis
Mises 42 F  elnus 3rd early all long ned- z.my high mode~ med- conasistent consis- BP 126/72
R.J. 90/min. apical fre- fum - s ‘rate fun with mitral di- tent with
visible quency o . #8a3e, left mitral
- ventricle + diseasze

Cont'd./
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Pegs 3.

BASAL LURMURS (Centinued)

Conttd, /

(a)
MURMURS
Abnorma- Syatolic DIaatellc
pERAVL] Tima Time « Cardiac Size
Rhythin of of Fro- Dura-  Ampli=- of Fro= Dura-  Ampli- Enlarge-
Neme Age Sex Rate Sounda Onsat  quency tien: tude Onset  quency tion tude ment E.C.G. Remarka
Mrs. 53 F AF. 3rd aplcal  none - - - early high  oehort low marked, AF.  BP 182116
J JMeK. 100/min.  vialble 1eft auri- L.A.D.
2nd  banal cle ¢
1plit .
Mra, % F sinun %rd apical sarly medium long low early high short low qldght, conaistent BP 120/R0
G LeG. 90/min.  accentuated. & high conslotent with
2nd banal with mitral mitral
. aplit stenonls steno 31
AW, 37 M seinu Zrd early medium long med- early medium long, low moderate, "o BP 115/65
60 /min. aplcal dunm ' through left auricle
viaible : dia- %, pulmonary
atole- conutd
Mra, 45 F A, 2nd early all long high early medium  short low moderate, AF, BP 1P0/86 dla-
AT, A /uin. basal fre- & high configuration L.AD. rtallc «liclted
‘ of an sortlc by unfiltered
split quency
& wmltral le- phonocardi zraph
3lon :
11 lon med=- early all long high moderate, consls- BP 150/50 marked
AT. A u gé’“’” frdl earty ?re- e ium " fre- left suricled; tent with  diastolic in the
/wdn.  eplca quency quency 1eft & right  mitral  high frequency
accan= 1 ventricle 4 dl9ease
tuated :
Mrs. 38 F sinua - early low & long - med- ‘early medlum long low n:;'x:fl L.A.D, BP 140/80
McA. 84 /min. medium un & hign
‘ normal P wavez  BP 150/%0
J.6. 32 M slnus. 2nd sarly lowa leng  med-  esrly medtun lemg 1o orma D et /7
76 /min. banal mediun tum & high
accentuated
_ ‘ - 1o low modarate, L.A.D.  BP 130/40
H.C. 38 1 =inuy aplcal *rd early 1lovw & long med early gseg:ug ng Lett ventriolad
90/win.,  prominent mediym dum € A BP 12050 di
long med- alight, left L.A.D. ! a=
G.6. 20 M sainun - mid low & short low early ?ﬁ- & fum auricl.;-hl,eft atolic clearly
RO/min. medi um quency ’ ventricled - elicited by

high frequency
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Page 4.
BASAL KURLURS (Centinued) -

(=)
: MURMURS
Abnorma- Syatellc Dlastolic
1ites “Time Tine ~ Cardiac Size
Rhythm of of Fre- Dura~ . Ampli- of Fre- Dure~  Ampli- Enlarge-
Name Age Sex Rate Sounda Cnagt quency tien tude (nset  quency tion +tude nent E.C.G. Remarka
Mieas 12 F  einue - mid low & ahort very early medium long med- mederate, L.A.D, BP 12040 dia-
E.O. 100/irin, medium low & high : ium left ventricle atolic elicited
" 4, left suri- by high fre-
cle« guency band
irz. 41 F AP, ‘ Zrd early low & long low early low & ghert high marked, left AF. BP 110 /65
M.5. 44 fmin. apicel medium meddun ventricleds, ‘
sccen= left auricle
tuated 4
M. 17 T ainus 3rd apical mid low & short medw early medium long very nornmal large BP 120/60
MeE. £2/min. accentuated, nedium fum low Pvaves
Znd ba%el '
aplit
Mra. 40 F A.F. Zrd . early  all leng high early medium  leng low merked, AF. BP 150/300
A, &¢C /min. epicel fre= & high leftventricley,  R.AD.
McK. neen quency left auricles,
right ’
ventricle+
J.L. 15 M aipua 3rd early all long high ‘early high - very low moderate, R.A.D. BP 130/48
76 /uin. apical fre- short mitral
" neen quency cenfiguration
G.T. <20 M oinuo 3rd aplicel sarly ell leng high early medijum  long med- marked, L.V.hyper- BP 136/0
92 /min. seen, 2nd fre- : ‘& high ium enlargement trophy,
apical ‘quency v E of  all large
oplit , chanbers Pwaves

Cont'd,/
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Page 5.
BAS AL MURMURS (Continuad)

(=)
MURMURS
Abnerma- Syatelic Diastelic
1ities Tiue The Cardisc Size
Rhy thm of of Fra=  Dura-  Ampli- of Fre- Dura-  Ampli- Enlarge=
Name Age $X  Rate Seunds On3et  quency  tier tyde Qnast  guency tien tude ment E.C.G, Remarks
Mra. 29 F  ainus Zrd sarly all long high early - mwedium long med- marked, peor BP 110/
E.B. 00 /min. aplcsl fre- & high ivm left ventricled, myo-
aceenw quency left auricled cardium
tuated
G.F. 41 M #ainur 2rd sarly all long med= early msdium very low marked, laft BP 1% /40
22/min. apicsl fre- & high . Short lef+ ventri- ventri-
rromi- quency cles, left cular
‘nent’ ' aurdcles ntrain
G. 17 ¥ ainus 3rd early all long med= early medium- leng, low moderate, - BP 120/%0
G'N. 114 /min.,  apiceal fre- jum & high threugh mitral
promi- quency dia- configuration
nent stole
R.H. 52 M AF, 7rd epl- mid all long  lew early all long, low moderate, AT, BP 160,/P0
£2/min. cal seen, fre- fre-  through generalised R.A.D.
2nd besal quency quency dia-
accen~- atole
tuated
. . - /
AG., 19 M ainue - early  s8ll long high early medlum  leng wmed mederate, sinua BP 140/50
: " & high fum tachy-
100/nin. re- cardie,
- quency L.A.D,
BASAL MURMURS
(v)

Cont'd,/
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Page 6.

- BASAL MURMURS (Centinued)

1)
Murmura
Abnarmna- Systolic Diantelic
1itica Time TTime Cardiac size
Rhythmn of of Dura- Ampli- of Dura-  Ampli- Eplarge-
Name# Age Sex  Rate Soundn orset Frequency tlon tude Onset  Frequency  tion tude . nent E.C.G. Remarks
WH. 31 M sinua - sarly all long high early medium & long low moderate, left L.A.D, BP 140/50
70/mir, fraquency high ventricle ¢,
N left suricles
D.0. 22 F ainus - garly 81l leng med= early medium &  short low narked . - BP 146 /84
114 /min, frequency ium high
J.C. 40 i =inun 2nd bagel  early all long high early medium long low slight, equiveocal BP 130470
' 100/min. aplit frequency - generalined changea 3 recerds
Jehe 18 7  ainus - mid low & long very early all mpde- low no enlarge- L.A.D. BP 120/50
fo /min. medium low frequency rate ment
.. 56 ¥ ainua - esarly all long med- early all long med- noderate, L.A,D, BP 170/80
20/min. frequency © dum fraquency fum left ventricle4
APICAL MURMURS
Y.H, - = - - early lew & leong med- - - - - - - -
medivm jum
D.0. - = - - mid  medlum short  ned- - - - - ' - - -
& high Yum
J.Ce = = - - early all fre- long high - - - - - - -
, quency
J.A, - - - - mid medium short low oo - - - ' - - -
& high
¥.M - - " - - early ell fre- long med~ early medium short med- - - -
B ium & high ium

quency
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AORTIC VALVE DISEASE

SCLEROTIC
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Page 1.

BAS AL HURKURS .

Cont1g./

MURIMURS
Abnerma- _ Syatelic Diastolic
litien Time Time Cardiac S1ze
Rhythn of of Fre= Dura-  Ampli- of Free Dura- Ampli- Inlarge-

Rate Seunds On=et  guency  tien tude Onaat  quency +ion tude ment E.C.G, Remarks
3inun - mid high short low early high ahort low alight tranaverse L.AD BP 170100
120 /min.

AT, - mid low ahort very early high ahort very no enlargement, AF, BP 170/50
£2/min. low : low flaken of caleift-
cation In sortic
arch
ainun - early all - lang med- early low very low moderate, poaterier BP 17%0/F0
£6 /min. fre- fum . shert left ventricles, corepary
quency aortz markedly Inuff-
dilated fency
ainua - mid low & long low early all long low moderate, left BP 190/7%
78 fdn, medium fre- ventricle+ tortu-
quancy " eun, aclerotlc
aortic
ainun - mid ~ lew &  long med- sarly wedium  short low marked, left Left BP “05/°5
20 /min. medi um ium & high ventricle +, veptri-
’ dilated arcending cular
aserta atrain
ainun - mid lowg  long low early  sll long low alight, left ven- - BP 15%/78
PO /rin, medd um fre- ' tricleds eorta pul-
IR quency sating & dilated

3inun 3rd mound  eerly  all long high early high  a few vi- low moderate, aorta LAD peer  EBP 1 PL/RE sy
P4 /mn.  just " fre- bratione elongatad with cal-  mye- loiad 1-ub-
Ro/uin. i @iﬁls quaﬁcy only cified knuckls cardtum  senis 2 pout

X : en- 40/70 mo

. - high earl medivm  long very marked, 1aft ven- BP 1 Lo/R -
Rnimm early ?%_ long & ¥ % high Tow lef+ veptricledr  tricular  rheumatic

0/min. quthy ytrain hiatory
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Page 2.

BAS AL LURLURS .
: MURIUPS
Abnorna- Syatellec T Tiaatalic
1iHea Tine : Time Cardiec Size
! Rhythm of of Fre-  Dura- Ampli-  of Pre- Dura-  Ampli- Enlerge-
sz Sex  Rate Soundse onzet gquency  tien tude Orast qusncy tiop tudse ment E.C.G. Remark:
71 :in/’” - sarly  all fre-  lepz  n;sd- early ¢ell fre- long low moderate, left ven-  BP 180U
fe/mn. gquency iunm gqusncy left ventricled tricuvlar hy-
pertrophy
7 ou ;i“m - sarly &ll fre- lenz  hizh nene - - - mpderats, aortlc  left ventri- Bp %0/50
4 /min. guency valve calcified cular atrain
72 F ainus - sarly 211 fre- long high  early high thort  lew moderate - BP 180/86 KB.4R ,
70 /min. quency | Rbc. 2.760.000
Wbe. &.7C0
76 F a3inua ré acund  early 8ll fre- loprg  med- early high = few vi- low 8ize normel, sorta peor mye- BP 1R0/10%
100/mn. eccen- quency ium bratiers acleroticycalci- cardlum
tuated anly fled patch on
arch
APICAL MURMURS
- - - - mid - high short low early high shert very - . - -
low
- - - - wid medl um shert very sarly aigh short very - - -
low \ low
- - - - early 3all fre- lenz  high early madium long low - - -
quency & high :
- - - - mid low & short low sarly medivm a few vibrations - - - -
mediunm & high only
- - - - mid low & long Jow early medium a few vibrations - - -
nedium & high orly
- - - - mid medi um short high early medium ahert low - - -
& high & high ‘
- - - - mid el fre- mede- med- early high a few vibrationa - - -
quancy rate  ium only
J.F. - - - - early 211 fre- long high early wedium a few vibrations - - -
guency . anly

Contrd, /




Ea¥e N .
P R
. St e i e ameae e e .
. - s il -
i B B
s 2 s .
N - - o - V '
o Ed - - )
- -
B . ‘
S ; .
. i e B :



Page 3.

APICAL WURLURS

ES.

-
I{URMURS
Abnorma- Syatolic Haitellc
11 +ica “Time ‘ Time ‘Cardiac Yize
Rhy*hrll af Of TPEe Tyrae- A}'ﬂi’:l ? - aof Fre- Nurs- f‘lmpli - Eﬁilarge-
Name Age Se&x  Rate Sounda Onzet  quency tien tude Onaet  gusney tior +ude ment E,C.G. Remzrie
ALG. - = - - md 211 fra- shert 1t sarly =1l fre-  leng low - - Featsr!'s marnvr
guency ium quency
J- - - - - mid  all fre- mode- med- nene - - - - - -
MeG. quency  rate fum
ira., =~ = - - sarly all fre- long high nane - - - - - -
AS. gusncy
M. - - - - early all fre- leng med- sene indeterminate. vibrations. S - - ?? mitral
quency fum after 3rd sound o S ~atenosin




AORTIC VALVE DISEASE
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Pagse 1.
BAS AL HMURHURS

FURLIURS
Abnernz- gyatelic Diattelic
1itiun T e T hime ' Cardiac Size
Rhythm _ of of Fre- Dura- Ampli- of Fre-  Dura- Ampli- . Enlarge-
Name Age Sex  Rate Soundn Cnawt  quency tien  tude (n3et gquency tion +ude ment E.C.G, Remarka
w.B. 4B 1 sinua apical 3rd pre- sarly all long high sarly  all long high moderats, loft ven- left ven- BP 14048, twe
90/mdn. minent,nd bas- froe- fre- tricled +ricular recordinga at
al acesntuated quency quency strain aeparate dates
F.S. 44 1 AJF. apdcal Zrd garly all long high early all long mede- moderate, left ven- AF, BP 115/50
70/min.  ju»st viaible fre- - fre=- ium tricles, eortae L.A.D.
quency quency dileted
R.Y. E9 M =ainue aplcal Zrd early med- leng low anrly preéam- leng med- marked, left left ven- BP 135 /65
96 /min. accentuated fum irently tum vantricled tricular
high atrain
JS. 5% ¥ A, aplcal Zrd early medfum long high early medium long nmed- moderate, left AT, BP 138 46
46 /min. viasible & high . & high jum ventricle 4 R.A.D.
JR. 50 K ainuy - inde- low afew low early all- leng med- merked, cor bevinym . Pot,Heart BP 156 /80
62/min, termd- vibra- fre- ium fair elzed eneuryam, Bleck,left
nete tions guency furiform, in the ventricu-
only azrcending asrta lar atrain
c. 51 M sinuse - early all long med- early bhigh 1long low moderate, left ven- aimple BP 140,/60
0®B. 100/min. fre- fun tricle 4=, saoriic tachy-
: : guency ‘ ' aneurysm cardla
Mra., 55 F ainus - early medium short med- early medium short low medarate, left yon- BP 140/40
1S o 100/min, & high 1um & high : 120t ventriclad tricular
A hypertrophy
R.M. 8L M ainus apical 4th sarly low & shert high  early medium leng  lew moderats, left ven-  left ven-  BP 204/80
R2/min. sound medium ‘ % low triclad, right ven-  tricular
prominent triclag, marked asr- atrain
tic pulsation
Mra, 55 F sinus aplecal Ird early all long med- - - - - medarate, left ven- BP 120130 ? mur-
J.7, 80/min. - vintble © fre- “{um left ventricled tricular mur of aertic
quency atrain dilatation only
APICAL MURMURS

Cent'd./
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APTCAL IURIURS
L LiURLIVRS
Abnarmz- _Sy?ﬂﬂﬁ:’ T T T Disifelic T
Titiay Tiie Time Cardlac Size
Rhythm of af Fra= Dnra- Ampli- f TrGe Dura-  Ampli- Enlarge-
Name Age Sex  Rate Sounda Onaat  quency  tion  tude On3et  quency tion tude ment: E.C.G. - Remarlky
w.B, 48 ¢ " " mid medima  hort med- mid law with not med- " " Aurtin Flint murmur
& hign tum aome high lz3ting ium '
glements  up +o
N 19t
ﬂauz.ac}
FS. 44 ¥ " w early medlum mode- high mid low long, very " " Auatin Flint murmur
& high rate ~ variable low
with di-
avtole
R.Y 59 " " " early 2all fre- moede- med- garly low threugh- med- " " Austin $lint murmur
quency rate tum sut dia- lum )
3tole
JS. 83 " " early sll fre- mode- high mid low lang med- ‘ " " Auatin Flint murmur
guancy  rate : {un
C. 51 " " " mid medium long low early. high long very " " Cenducted fron
0%, & high | low eortic area
Mra, 55 " " " . mid medium  short very - - - - " " -
T MS. low
R.M. 61 " " early all fre- ashort high (1) mdd low  a few vi- lew " " -
quency ’ brations
anly
(2) early med- short low conducted fram
, o ium asrtlc arsa
lira, 5B " " "o early all fre- long med- =~ searly nigh long low " " indéfinite tFoatars
J.T. guency ium ‘ nurKar
-J.R. 50 " " " mid low & short low mdd low lang med- " " Auatin Flint murmur
: © medium {um
BRUITS OF ANEURYSHS
J.R. &0 " " " early lew & long low early &ll fre- through- high ' " " -
: medium - quency out dla-
: ‘atole
c. 51 " " " early medium  long  high sarly medium through- medium & “ . -
0.18. & high & high ou}rz glia diminishing
TTnLa . -




AORTIC VALVE DISEASE

TRAUMATIC
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BASAL MNURMURS
MURLIURS
Abnormal- Syatolle Disatalic
Roythm i+1a3 of Time of  Fre- Da-  Ampii-  T™me of  rre- Du-  Ampli-  Cardiac Size
-+ Neme Age Sex Rate Sound? Onset gquency ratian tiade Onaet  quency  ratisn tude Enlargement %.C.G. Renarka
JN. % M sinus - mid low & shert low early all fre- lang very normal con- lHAD BP %ég
20 /min. medium quancy high tour, marked
anrtic pulaa-
tion
N.D. 25 M  sinuw - early all fre- long hizh sarly all fre- long high nermal cone-’ HAD BP E;Q
R2/min. gquency gusncy tour, marked 0
pulsation of
left alde of
heart
API CAL- HMURMURS
JN. 3 M " " sarly all fre- mode- med- early all fre- long  low " " "
' quency rate fum quency
25 M " " md medium ahort low - - - - " " "




"INNOCENT ™ MURMURS






MURKMUR

cent'd, /

Prasanting Timz of Cardlac
Name Age Sex 3B.P. Feature Onaet Frequency  Duration Arza, Amplitude Size E.C.G. Remarks
S, A L 125 ayatellc wi d= low and long bate low normal ainua rheunatic fever age 14,
RZ marmnar ayrtellc medium arrhythmia no symptomx 3ince
Mrs. 57 F 127 rheumatold ni d- low and ahort apex & medi um normal LAD ne complaints refsrable
A.C. 20 arthritls .ayvtolic  medium base” to C.V.5.
J. 14 F 108 recurrsnt mid=- med} um short baae medium normal vertical " " " noow
MeC. 76 tonailitin ayatelic & high heart
J.L. 28 M 1% bradycardia mid~- medium short base & medium normal - -
20 ayatolic & low apax
P.B. 23 M 140 chorea mf d- nediun ahort basa low " normal. NAD -
' 7 Ayatoldc
7T, 47 M 150 extra- late all short apex & high normal NAD abnormal chordas
50 ayatolen ay1tollc  frequency baze tendlrae
JM. 20 M 12 loaa of o d- medium short base & low normal NAD murmur variable with
72 welght aystolle apex reapiration
J.C. 21 F 12 routine mf d- low & short base low normal. NAD
30) exam. ayatolic nmedium '
D.D. 24 M 136 ayatolic mid- low & long apex & low normal NAD 3rd apical seund
%0 mrny ayatelic medi um base 1imi+ta viaible
JJF. % u 1% syatollc i low & short. baste & very normal NAD -
R2 murnur ayatolic medium apex low )
P.D. 50 M 140 chronic o d- low & short bans low normal RAD -
B0 bronchitis ayatalic medium
Mra. 28 F 120 amenorrhoea mid- medi um short apex & low normal NAD -
B.P. 0] yatolic bans
P. 20 M 146 vaan-yagal nid- redium short apex very normal HNAD -
MeN. 70 attackn syatollc : low
JJF. 22 F 140 routine mi G- low & ahort bane low nermal NAD tachycardia - rate
‘ 200) exam, ayatolic medium 100/min.
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Page 2.
LURMUR
Presenting Tine of Cardiac
Name Aze Sex B.P. Foaturs Onset Frequancy Duratinn Arza Arplitude Size %.C.G. Remarka
Mra. 36 F 1% dyavepiia lats low short apex very normal NAD ‘ variation with
J.B. = ayatolic low regplration
A, %4 F 12 routine m d=- low & short apex & low nermal NAD -
MeC. 70 axam, aystelic madiun baze ‘
AS. 43 M 120 amall conapl- i d=- low & throughout baze low normal - NAD -
80 idation left 3yatolic medium *y1tela
lung base
Mea 17 F 132 ayatolic mid- low & long apex medium normal NAD -
P.R. o rrmay syatolic medium )
HB. 14 F 122 ayatnlic mid- at apex short apex, medium normal NAD phy2iological Zrd
' 70 murmuy syrtolic  low and base sound clearly seen
' medlum, at
bare med-
tun & hizh
N.C., 22 F 140 routine mi d- low short apex very normal NAD. -
200) exan, ayatolic frequency low
F.0. 13 1 128 aystolic nid- low & short ~ apex low : normal sinus phyeaiolegical Zrd
215) murmap ayatelic mediumn arrhythmla  sound seen
22 7 120 ayatolic mid- medium ahort base low normal NAD -
70 murmy ayatolic ‘
routine
- exam,
55 1 140 syatollc mide medium short apex low normal NAD prominent auricular
) aurnur ayatolic & high ‘ eound
/o gebl1dty
13 F 140 joint " mid- low, med- short bane low normal NAD -
0 paing ayntolic ilum & high :
D.D. 35 M 128 ddabetic late- medd um short apex wedi um nornal RAD murmur eldcited by
5 ayatolic & high extra- high frequency

ay3toles

Cont'd,/






Pags 3.

Pressnting e of Cardiac
Name Aze Seox B.P. Festure Onget Freguancy Duration Area Amplitude. Size E.0.G. - Remarka
¢.G., 22 1 o8 ryrexia of un- mi d- ail - ahort ap#x ' low normal LAD Tempersture lOOf
o5 knam arigin ayatolic  frequency . pulae 90/min.
F, % F 120 fatigus - late nedium short apax low normal LAD (1) Hb, 64
: o aystolic « Rbe. 3.620.000
Whe, 6EOQ
(2) HB. 1005 )2nd
Rbe. 4.£00.000)trac~
Whe. 8.400 Jingno
charge,
A.A. % 1 150 unduye - mid- med} um short base low normal - HNAD
20 fatigue systelic ' : - : :
Mra. 32 F 130 wndue md- low & short apex low normsl -
~ A.B. %0 fatigue ayatelic mediunm
T.H. 15 1 108 1iatlesa- md- all short epex & meddum normal NAD marked physielogical Zrd
70 nena aystollc . frequency base ' ‘ ' sound showlng respira-
tery variation in ampli-
tude and lergth,
R.T. & u 104 poat scar- 1nd d- med} un shert baze & low normal NAD physiolegical Zrd asund
2 let fever aystolic & high . apex 7 ‘ ’ promipent at apex
! GP. 24 I 116 routine mi 3= me dd um gshort apex & medium normal HAD -
80 exam, ayatolic & high bane
ML. 17 F 104 routine mf d- medd um short apex & low normal NAD 19t, 2nd, 3rd ¢ 4th
Y exam. ayateldc base - sounds vieible, Znd
' anund aplit at badse
M.D. 23 F 116 loes of md d- meddum short pase low normal NAD split 2nd sound at
o 70 welght ayatoelic baze
Ad. 16 1 1% dnubtfyl late lox & ahort apex & - low ~ nermal NAD "Z2nd basal aecund
70 rheumatic systellc mediun baae gplit
fever '

Contra, /
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1URMUR
Preaenting Time of . Cardiac
Name Ace Sex B.F, Feature Onzet Frequency Duratior Lrea Amplitude Blze E.C.G. Remarks
RH. 42 M 120 routine mi d= mediun short BpEX & low normal IAD 2nd bavel eplit
3 3 examn, nystolic base
D. 33 L 144 routine nic- all relative-  apsx mgdi um nornal 14D physiological 3rd
licP. 92 exam. 1ystolic frequency ly short baze aound seen
R. 43 1 12 ayatolic md d= short apex low normal NAD -
McE. 70 murmur aystelic medium
JW. 17 U 135 effort mid- medi un ahort base low normal nAD -
20 ayrdrome =yatelic & high
w.M., 16 1 1% chores mid- med{un short apex low normal NAD -
70 syatelic & high base »
M.ST. 22 F 12 prat haema- i d- low & long apex low normal IIAD -
70 temesin ayatelic medium baae :
R.B. 13 u 115 poat mi d- mediun ahort apex low normal NAD -
70 gcarlatina syatelic & high base
G,H., 19 1 128 depresned mid- low short baze low normal LAD -
%0 atarnum aystollc frequency ' transverne
effort lying
syn dromne heart
M.D., 23 T 120 loag of i d- Tedium ghort base low normal NAD marked auricular seund,
85 veight systelic  frequency gplit Znd at base
wv.T. 13 M 120 aystolic mid- medi um moderate apex low normal NAD -
: B0 murmor asysatolic & high
AN % 1R dyapepnia 8 d- mediun moderate  apex low normal RAD -
: 776 ayatolic syatelic & high base
murnur :
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HURKUR
Presenting “®lme of Cardiac
Name Age Sex B.P. Frature Onaet Frequency Duration Aroa Amplitude Size E.C.G. Remarka
M.D. 27 M 12 rheumatold md d- medium ahort bais moderate . normal NAD Hb. 857
70 arthritis syatolic & high Rbe., 4.3 mill.
. ¥be., 6.500
MY¥W. %32 7 12 gravitatic- mid- medlun short apex low normal I\fAb 3rd asund juat
200) ral oedena syatolic ' ' viaible
G, 12 F 115 poat 1l 4= medf un - short ' apex low normal HAD Zrd sound vi=nible,
McD. o5 chores ayatolic auricular seund marked
. ' 2nd feund aplit at bane
I. 15 1 120 roat rheums- mid- medium short base low normal NAD physioclogical 3rg
McGC. 7o tic fever systelic - sound viaible at apex
Ad. 16 1 115 doubtful poat late lov & short  spex & low - npormal - NAD 20d basal sound
70 rheumatic ayatolic medium base , . aplit
fever
ML. 17 F - 104 routine mid- medf um short ‘apex & low ) normal NAD physiological %rd 2ound
70 exam, ayatolic . base : : geen at apsx, suricular

: ' . apund seen, banal 2nd
' sound aplit
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Plsoce
of liin- Abnerma-
Tentative imunm In- Anpli- Fro- 1ity of ‘
Name Age Sex Pulse 3B.P., Cardiac Size E.C.G, Diagnoaiz teneity Time tude Length guency Sounda Remarks
- I.L. 7 ¥ alnun 10! alightly en- conaiz- pericardial lapex sarly hizh leng &ll fre- Zrd aound murruy of conaid-
100/min. "7% larged to tent ¢ peri- effurion ( syatelic ' quency prominent sprable mitral in-
: left carditis trheumatic ( e3p. but noet gre- competence
( mediun & lonped, 2nd 2teneils probably
% records ( high banal aplit, darslop later. ne
' (bae oonon " " woon 2nd aplcel syidence of I.V.
( probably conducted frem spical aplit septal defsct
{ areg ‘
E.A. 16 ¥ alnus ﬂ normal partial rhsumatic apex early low leng medium greasly cceen- -
70/min. 75 H.B. carditie & aystelic . tuated,3rd aound
' pleurisy aronetimes sser
a9 2 shert mid-
diantolic murmur
~of low amplitude
& frequency
AK. 8 F  adnun 110 normal R.A.D, known caidiac basz &  mid- low leng 211 fre- 3rd apund preomi- -
PR Ain. VB murnur #ince apex syatolic quency pent with 3 vi-
birth : brations, and
basal accentuated
H.M. 20 7 alnu» 120 normal .4, pain ir lum-  base & early low long 1low & Zrd 2ound -
7%2/win., TRO har region apex  ayatelic medium marked, 4
of rheumetic vibratinng
nature .
- J. 14 T ainue 108 (1) =light vertical po3t-scarlet baze mid- med-  #hort medium  Zrd mound prem- -
McC. fc/min. ~76  preminence hesrt fever ayatolic' lum & high  inspt of 2-4 vi-
of LA doubt- brations, 2nd
ful apsx mid- : mediun besal split &
(2) normal syatollc low  short & high accentuated
H.o 15 M einue 110 normal L.A.D. sexual infant- apex mid- med-  short lew & %rd sourd of 4  Bloed count-
F.B. 80/min. ~70 ' 11ism & fecond- ~ gystelic dum medium vibrationa Hb., 647
ary anaemla bade i d= low  short low & Rbc. 4..760.000
ayrtollc medium Wbe. 6.400

Cont'd./
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Place
of An- Abnerng-
: Tentative inun In=- Arpli- Frea- lity of
Name Age Sex Pulne B,P, Cardiac 8lze £.C.G, Diagna -l ten ity Tiie tude Length  quency Seunda Remarks
J.0. 11 ¥ 2irur 90 alight enlargs- 1inug histery of apex mid- very long medium Zrd a2ound ac- Three record?
48/min, 40 ment of left ven- arrhy- fleeting joint syatolic low & high centuated 2-4 at monthly in-
tricle +thmie pelns preceded vibrations, vals show ne
by sore threat marked nplit change
14t sound © '
scparate auri-
, , cular cemplex
bave early med- leng low & wimlilar appear-
systelic dum - mediun ancsd
early di- low very Znd  sound zc-
atalic? shert  hich centuated
Mies 20 F #inus l;g normal N.A.D. hasmatensal a apex mid- low leng low & rrominent 3rd  Bloed ceunt-
S.R. 20/min. 0 aystelic mediun wound of 2-% vi- Hb. 80, .
brationn Rbe. 4.400.060
baae mid- med=-  long low & 3plit Znd gs0und  Vhbe. £.000
syastelic dum medivm
J. 8 M adnus 108 normal K,A.D. peat-chorea apex mid- low ghort medium prominent 3rd -
0'H. 2o/min, 60 ayatolic gound of 1-4
, ‘ ' ‘ vibrations
bare m} d- low long 211 frs- 3rd sound of
syatelic guercy  1=2 vibrations
F.H. 13 I eainug 110 normal H.AD poat-rheu- -apex mid~ low long medi um Zrd 2ound of -
£0 /min, ~70 matic fever ayatolic % vibrations
- ' baae mid- med-  long medium  suriculsr
aystolic 1um apund premi-
nent
AB. 12 ¥ adpus 115 nermal NA.D. po2t-rheu- apex mid~ low leng medium 3rd sound of - ~
: 50/min, 75 metic fever syatolic 1-2 vibrationas
: base mid- low long 21l fre 3rd aound of
wyatolic guéncy 1=2 vibrations
CF. 27 F elnuz 130 alight increane N.A.D. poat- apex mf d- low  short low & 3rd aound
90/min. G of 1eft auri- tonaillitis syetolic medium  visible
cle banre early low long  medium  2nd basal ac- -
‘ ayatolic & high  centusted and
aplit
8.G.. 9 F .9inua 130 normal alight peat-rheu- bae mid- low short medium 3rd apical -
100/min. “B0 R.A.D. metic fever apex ayatelic apund jusd
viaible

Cont g, /
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Place
of Lin- Abnorna-
Tentative fmun In-- Ampli- Fre- 1ity of
Nans Pulee BR.P, Cardisc Size £.C.G, Diagnoala ten3ity Time  tude Length quency Sound2 Remarks
F.R. M nu 128 moderate, L.A.D. rheunateid apsx early med- vsry medium none ? early aertic
90 /min. 78 gereralised eimple arthritis aystolic fum shert & high atenoaln and
tachy=- bare aarly leow long medium incompetencs
cardie - ayatelic & high
early dl-low shert  high
attellc
J.R. o alpus 110 norumal N.A,D, ? rheunmatic  apex early 1low 3nort medium  3rd mound very ? early ercanic
100/min, 76 carditis ayatelic marked 1-5 vi- mitral lesien
brations
bare mid- low short medium " " "
- ayatellc
J.H. 32 ainusg 130 normal N.A.D, murmay dle- arex) mid- low shert medium none tpatent foramsn
8o/min. ~76 gevered on bate) ayatolic & low ovale, receord
: reutine teken at basze
exam, ba2e early low ashort high none of neck with
dia- the query eof
atolic venoun hum.
bate of mid- low short all fre- none
nack,  aystolic quency
right
aide
c.W. sinus 120 alight increase ainus chorea apex mid-~ low ahort medium marked 3rd -
108/min. B0 to left tachy- syatelic aound at apex,
cardia Z vibrations
L.A.D, base no " " " aplit 2nd sound
at baze
M.T. 3inusg 120 nernal N.A.D, rheunatic apex & early lew long low & none
72/min. "0 carditis base ayatolic medium
I. ainun 120 normal N.A.D. poat-rheu- apex early low short 1low & Zrd marked, 1=3 -
MeC. 80/mn., ~B0 matic fever ayatolic meddum  vibrations
base - - - - split 2nd nsound
R.B. einue lgi normal N.A.D., vrepeated ton-  apex mid- low long =2ll fre-  3rd prominent, -
76 /min. o] 53114449, un- ayatoldc quency 14 vibrations
due fatigue bese rnid- " ahort medium
gystelic - & bigh
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Pags 1.



Lurnrs

Place of

Rate & ' Cardlac Liaxi rman Lrpli- )
Neme fge Sex Ruythm B.P. Bleed Count Size "E.C.G. intensity Time tude Length Trequency Remarky
Mra. 46 F  aeinue 120 Hb., 28% normel NAD (1) apex systolic, mede- leng  low and myeloid leukacmia
E.T. 110/min. ~©5  Rbe. 1.31 mill, trenaverssly early, pre- rate medum = gsv7ere spaemis
Wbe. 12500 placed heart ayetolic
(2) apex continuous  low zhert  low and ne sbnernslity of
~with curing nsdium mitral velve seen.
aystolic auri- 2t post mertem
culer myoecardium fatty
gystale and geft
Mre. 26 F inua 125  Hb. 507 , normel NAD (1) spex) = mid- high ghort all
AJicK. 86/min. 75  Rbec. %.7 mill. ' (%) base) systolic f requency
' wbe, 4.600
J.OW., 16 F  ainue 120  Hb. 55% normal NAD bage mide- low short  medium
7€/min. 70  Rbe. 4.6 mill, , syatolic
Wbc. 8200
J.0m. 16 N elnus 135  Hb. 704 normal NAD (1) bvage m} d- low short  low and  myeledd leukaemia
92/min. 70  Rbc. 3.% mill, (2) apex eystoldec medium, a
Yoe. 38000 ‘ few vi-
brations
in high
frequency
Mre.Ae 23 F  einua 120  Hb, 587 normal NAD apex mid- low short meddum
Me. I. 80/min. 88  Rbc. 2,91 mill. ayatoldc and low
Woe. 4200
Mra. 32 F  ainus 122  Hb., 68 normal NAD (1) apex o d- low short medium
H.¥. 60/min. &  Rbc. 3.200mill. (2) ba 9e  systoldc : and low
Wbe. 6000
R.D. 29 M einue 100 Hb., 55% 2light NAD bage mid=- low short low and
' 90/mn. 65  Rbe. 3.1 mill. prominence of aystolic medium
Ybc. 7800 left ventricle
AC. 30 F alnw 120  Hb, 683 normal NAD sl‘) apex mid- mode-  @hort all
90/mivn. 75  Rbe. 3.5 mill, 2) base  aystolic  rate frequency
Woe. 5000 ‘

Cont'd./
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(Continued)
lurmurs
Place of
Rate & Cardiac meximm Ampli-
Name Age Sex Rhythm  B.P. Blood Count Size E.C.G. intenalty Time tude  Length Frequency Remarke
MF. 18 F einve/ 110 Hb. 657 normal NAD (1) ba%e mid- low short  medium
80/min. "85 Rbe. 3.61 mll. ‘ (2) epex syatelic and low
¥oe. 4000 :
Mre. 26 F #inws 120 Hb., 32} normal NAD (1) sapex early low short high and )
A.C. 104/min., & Rbc. 1.42 mill. | » aystolic medium )
Wbe. 2800 (2) apex mide very contd. all fre- )
syetolic low up *o quency, )
lst preaystolic ) 19t recerding
sound accentuation) 171 /48
- seen in HF ) :
band )
(2) Ybase sarly low ghort  meddum )
aystelic yet and high )
longer /
than 1 )
. (4) base early low short high )
aystoldc )
h Hb. 1027 " " base mi'g- low short mid )
Rbe., 4.41 m3ll, ayetelic frequency 2nd recording
¥be. 8000 f 30/1/49
V.5 40 ¥ sinue 160 Hb. 50% ?light euggests (1) apex mid- mode~ ghort medium complicating
96/min.  I0% Rbc. 1.99 mill. prominence of poor  (2) base  aystolic rate and low aub-acute
¥be. 10.000 left myo= ‘ nephritie
ventricle cardiug
J.D. 16 M sinue 120 Hb. 60% normal NAD (1) apex md d- low ehort meddum myeledd
92/min, - 70 Rbe. 2,74 md1l. (2) bane  aystoldc leukaemie

Cont'd,/
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Murrurs
Placs of
Rate & ' Cardizc max$ mam Arpli- ;
Name Aze &x Ruythm  B.P. Elead Count Size B.CuGo intersity Tims tvde  Length  Frequsncy Remsrk?
Nra, 79 F Sinun 160 Hb., 28, mocerate - apex early high long all alsoseen at base,
4.5 £0/min, & Rbe. 1.7¢6.000 enlargement systolic frequency lster in onzet and
Wbe. 4800 left ventriclet less marked
right zuricle+
& 1eft auriclst
C.D. 71 1 Sinu3 110 Hb, 65, Nermal NAD opex, slse = mid- low short low and poq't haematems?{2
P2 /min. 70 Rbc. 3%,800.000 seen at  systolic medium
' be. 10,200
Mra, 328 T 4inue 15¢  Hb., 3P 21ight NAD apsx, also mid= low shert medium phyaiological
M.R. R2/min. éo Rbe. %.800.000 generalieed yeen at ryetolic srd sound visible
™bec. 7000 enlargement bage, less
rrominent
AK. 14 ¥ 9inuve 140  Hb., 65 normal NAD apex, slan mi d- low gshort med$um nephrotic syndreme
20/min. BE  Rbe. 3.450.000 geen at syatolic ‘ #1th anaemis
*bec, 9000 base
Mra. 57 F  sipun 108  Hb., 62 nermal NAD apex, also mid- low short medd um
C.W. 90/min. "¢ . Rbe. 2.800.000 seen at systoldc and high
Tbe. 7200 bage
AJMcD. 26 M sinuse 110 Hb. 45 normal NAD apex mi d~- low short medium
© 80/min. 70 Rbe. 3.200.000 systolic frequency
Vbe. 6200
R.dicL., 16 7  2inus 125 Hb., 30,"5 #light general NAD (l) apex mdd- low | ahort medium phyaielegical Zrd
%4 /min. 80 Rbc. 2.050.000 cardiac : ayrtoldc ‘gound visible
Wbe. 6200 enlargement . :
. (2) bose m d- low mode-  low and  murmur mere promi-
syetoldc rate mediunm nent at the base
W.McR. 60 M sinus 150 Hb. 50 nermal NAD spex and mid- low short lew and
80/min., "70  Rbe. 2.000.000 base systolic med{ um

Tbe. 2800
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low amplitude,
ahort

vibratiasng

Rata & Cardlac Sizs Abnormalitlaee Basal Aplcal
Name Age Sex Rhythm B.P. Inlargement E.C.G. of Seynd armnura? furmirs : VWR. Remarka
Mra, 42 F  ainus 146 moderate, LV4, LAD nene syatolic: early systolic: mid . -ve
1.C. Rb/mtn, TOF  9lizht tortusuy | 3y¥ioile, =all  Aystollc, medium
slongation of frequancy, high & high frequency,
aorta amplitude, lsong m2dium amplitude,
short
D.B. 60 U aeinusy 180 marked, LV4,con~ left ventri- marksd auri- asyatolic: mid- 3ystollc: mld- -ve chronic nephritis,
.80/min. TOO zestlve changes  cular hyper- cular sounds systelic, medium 7Iy+iollc, medium Hb. - 70i
at lung bases trophy causing a frequency, very fraquancy, very Rbc.~ 3.5 million
"oregyatollc' low amplitude, low amplitude, ‘Wbe.~ 7600
gallop raythm thort Jhert
aplit ventri-
cular comple-
x09 giving a
tripls lat
sound
c. 62 alnus 190 moderate, mens- left ventri- None ayatolic; mid~ sayatelic: mid- -ve
MeD. 8 /min. TOO ralised, slonga- cular ay1talic, all 3y atalic, all fre-
+1an and dilation atrain froguency, medium gquency, medium
-of aerta amplitude, short amplitude, short
Mra, 49 sinuz 218  slight LV enlarze- LAD ayatoldc: mid- yatelic: mid-ays- -ve
-MeD. 94 /mn, 118 ment ayatolic, medium tolic, all frequency,
and high frequen- low amplitude, long
¢y, rather long, '
low amplitude
Mra. 44 olnus 130 normal merked - sinue None ayatolic: mid- asyatollc: a few, -ve
J M. 110/m. “90 elongation of tachy- syatnilc, medium medTum frequency,
aorta cordia & high frequency, low amplitude






Bagal

Cont'd./

medium amplitude,
Ilang

Rate & Cardlac Size Abnoermalities Apical
Neame Asce §Sex Rhythn B.P. Enlargement E.C.G. of Ssund Murnurs Murmurs ¥R. Remarks
S JJi. 89 M ainug 180  wlight senlarge- LAD none ay1tolfc: mid- ayrtolic: mid- murmur more
120/min. T00 ment, left ven- Ayatollc, medium Jyatalic, medium marked at the
tricle mainly & hizh freguency, & high frequency, base
moderats length, low amplitude,
law amplitude short
Mra, 45 TF  ainua 210 normal simple 2nd basal Jyatolic: mid- ayatolic: mid- L
C.A. 115 /min, T30 | tachycordia sound 3yateiic, medium Jyatailc, medium
accentuated fraquancy, low frequency, low
ampldtude, mode- amplitude, mode-
rates length rate duration
Mra. 68 F AF. 118  large aneurymm AF. left 2nd basal ayatolic: early 3imilar to0 bass, -ve
ES. R6/min. TI0 of devcending ventricular anund aystolic, all fre- diastelic shorter
arch of aorta hypertrophy acesntuataed - gusney, high and 92en only In
left ventricle- amplitude, long _ H.F.
diartnlic: early
dlaatallc, medium
and high frequency,
Jow amplitude,
' short
J.C. 51 M s9inue 168 slight enlarge- left .2nd bansal none aystolic: mid- -ve
BR/mn., ~98 mont of left ventricular 101md yatoilc, low &
' rentricle hypertropuy ‘alurred medium frequency,
1ow amplitude with
accentuation in
late ayatola2, mode-
rat? duratlon
EL. 5% M einue 190 . alight enlarge- left none syatolic: mid- Similer murmur, less -ve
_Bo/min. TO00  ment of left ventricular syatolic, medium well 9een
vantricle hypertrophy & high frequency,
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cy, 2hert low ampli-
tude

Rate & Cardiac Size Abnormalities Basal Apical
Name Age Sex Rhythm B,P. Enlargement E.C.G. of Sound Murmure Murmura TR. Remark?
Mr2. 32 F  sinug 210 normal - none ayatallc:  ayate- ayatolic: early -ve Hb. = 335
A.P. 92/min. 700 11 murmur #imllar Iyatolic, all Wbe.~ 5.200
. to apex but dimine frequancy, low Rbe.- 2.580.000
i2hed anplitude, long micracytic anasmis
diastelic:2arly
dlaitollc, med-
iam and hlzh fre-
guancy, low
amplitude, 2hort
w.D. 55 M  sinus 280 alight left left isometric mid-ayatnllc, con= ‘mid-3ystolic,
80/min. 160 yantricular ventricular a3plit lat . ducted from opex nsdium & high
enlargement enlargement  dnund, 3plit frequency, low
' ‘ 2nd. sound amplitude, short
Ja. 71 M ainus 210 moderata, - lat aound at early ay3telic, m} d=3yatalic, med-
64 /min, 1%0 1eft ventri- apex pro- long duration, med- fum & high fre-
cula 4 longed fun frequency long, gquency, leow ampli=-
medium amplitude, tude and ahort
doubtful =arly dia-
3talic present,
high frequsncy,3nort
D.G., %3 M sainua 195 normal left i namatric none mf d=-ayatolic, med-
72 /min. 135 vent. pre- aplitting of fum frequency, low
pondersnce apical lat amplitude, short
~ 1ound
Mrs, 45 T ainua 180 normal left - aelamenta of aplcsal mi d-ayatelic, low
~ B.C. P4./min, 00 vent. pre- mMurmur 3sen & medium frequency,
, ponderence low amplituda, short
F.H. 5 ¥ AF loo/ 190 moderate, AF. ap1it apical m d-3y3telic, short slaments of basal
min, 100 left ventrl- left vent. 2nd 3ound, medium frequency, nmurmur 498n
T cule <+ strain markedly aplit  low amplitude
baaal 2ndacund
Mra. 41 F elnus 166 normal N.A.D. - elemen$s of apical mi d=3yatolic, lew
B, MoN. f0/min. 102 myrmur aeen and medium frequen-
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Rate & Cardiac Size Abnormalities Ba?al Apical
Name Aze Sex Rhythm B.,P. Enldrgement E.C.G. a? Sound Murmyra Nurmur? TR. Remarky
J.B. 40 U ainun 240  slight,left left vent. wsll marked none mid-syatolic, med-
120/min. 150 ventricule atrain rummatien inm frequency, very
* : zallap raythm low amplltude, short
re. 45 TF 9inus 190 normal left - mid=1yatollic, med- aimi lar murmur,
J.A. 80/min. 118 ventricular ium frequency, low  aqually well seen
strain amplitude, short '
rs. 52 F  ainus 190 slight left LAD - mid-ayatoelic, med- simllar murmur
B.W. 90/min. 56 vantricule ium frequency, low
+ amplitude, short




MURMURS IN THYROTOXIGOSIS







Murnmure

Place of
Cardiac : maximm . Ampli-
Name Age Sex Pulse B.P. B.M.R. Size E.C.G. Severity intensity Time Frequency tude Length Remarkae
Mre., 51 F  sinue 150 +40 slight to LAD mode~ (1) base sarly mediun medium  long probably aortic
E.S. 100/min. 100 © left, dila- ‘ rate ~ ayatoldc and high dilatien
tien and (2) apex early " low short perheps conducted
elongation aystollc from sorta or due
of aerta to mitral incom-
pstence
thyredd late ) medium medium  leng
aystoldc ) end high g continuous bruit,
early g medd um low short) systelic mest
dlaatolic only ) prominent
Mra, 57 T  ainue 140 «+ 20 moderate, Flat Tin mode- apex early medium low short probably relative
A.B. 100/min. 80 all chembers I LV hy- rate and high mitral incompetence
save rt. pertrophy
atrium cerenary
insuff,
Mra, 25 F  ainue 106 4+ 16 normal sinug mode- apex and mide medd um medfunm  short
M.F. 78 /min. 80 tachy- rate bane ayatollc and high »
cardia
AV, 46 M 9inus 140 ¢+ 62 alight, NAD mede- apex mid= medium - low short rapdd cardiec action
100/mn. "50 mainly rete systolic  and high
~ left ventri- '
cle
Mra. 20 TF  sinus 138 + 67 normal LAD mode= base mid- medium low short  rapid cerdiac action
M.M. 106/fin. 68 rate aystolic  and high
Mra, 25 P  einun 120 ¢ 18 normal vertical alight baee " mid= medium very short thyroid adenoma, no
R.R. - 90/mdn. " B0 heart . ‘systolic low definite evidence of

Cont'd., /

thyrotoxiconie -
treatment nedatien
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FTace of urmace
Cardiac naximin Ampli-
Neame Age Sex Pulse B.P. B.M.R. Size E.C.G. Severlty intenalty Time Frequency tude Length Remarks
AV, 46 M  sinue 140 + 62 alight, mode- apex mi d- med4um medium  short
80/min. 80 left ventri- rate systolic and high
cle mainly
involved
Mrs., 29 F einue 150 + 47 normal simple mode= _ Hb. - 845
G.S. 108/mn. 80-0 tachy- rate base mid- medd um low  short Rbe.~ 4,02
cardia syatolic and high Wbe.~ 6,600
thyreld) systolic all fre« high 1long unaffected by pressure
base of) and early quenciee, on jugular or cerotide
neck ) diaatelic predomin-
bruit con- antly
tinvoua - mediun
threughout and high
asystole &
diantole
“Mre, 30 F  einue 150 +40 mdtral P waves mode- (1)
E.A. 100 /imin. "EU config- conale- rate ayatolic and diastolic murmura of mitral mitral etenoels com~
vration tent with (2) plicating thyrotox!-
mitrel stenoais and incompetence conis
disease
thyrold aystolic all fre- med- long
base of and aarly gquenclden  lum
nack dlaatellc pradomin-
bruit con- antly
tinuous, wedium
and high
Mrs, 57 F AR, 140 ¢ 62 elight AF poor  4evere, base early all med-  long pulmonary artery
MW, 48/mdn. 90 enlargement, myo= becoming aystollc frequency 4dum dilatation
pulmonary cardium quiescent
conus +

Cont1'd,/
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Murmura
“Flrace of
Cardiac maximum Ampli-

Neme Age Sex Pulse B.P. B.M.R. Size E.C.G. Sevarity intenaity Time Frequency tude Length Remarkas

Mrs. 42 F  sinun 150  + 44 normal NAD mode- apex and early medium low long marked 3rd 9ound

H.W. 90/min. Y8 . . rate base aystolic  and high with respiratery

. variation - an
eguivocal phono-
cardiogram

Mra, 44 F  einue 145 & 60 _normal - mede-  apex and mid- all low short auricular sound

M., McG, 90/min, 70 : : rate base, more ay3tolic frequency clearly %sen

marked at
base

H.P. 39 F elnus 130 + 6 slizht NAD elight apex mdd- nedium lov  mode-

100/min. 4 prominence - ayatolic rate

of pulmonary
conus .

M.N. 59 F sinus 160 + 39% conalderabls, RAD mode~ apex also mid- medium low ahort Rbc. 3.490080

76/min. 70 right ventri- rats at base syatoldc and high Hb. 755

_ cle ¢, pulmenary - Woc. 6,200
conus «

Mrs. 4 F  ainus 150 ¢+ 42 mnderate, ug- mode- :

M.C. 64 /min, “BZ zeneralised left ga3ta rate apex early all hizh long 13t sound proninent,
auricle +, right poor systolic freguency phyainlogical 3rd
rantricle 4 myo- sound visible at

cardium base, .bleod normal,
augrests nitral
incompetenca.

HL., 63 M #inus 140 ¢ 617 2light, left NAD node- apex and early all . low  long phyaiological 3rd

&4 /min, "BO ventricle+4 plua rate base  aystellc frequency sound visible at

calcification of
the aartic arch

apex
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The Apparatus

A, The Cardiotron, direct writing
B.C.G. machine of American
manufacture.

B. Standard Static Cambridge
Blectrocardiograph.

N

Microphone.

D. Amplifying Stethoscope.
B. Rheostat.

F. Blectrodes for E.C.G.

- G, Stylus of Cardiotron.

The lead from the microphone passes'via
the amplifying stethoscope to the standard
Cambridge electrocardiograph, interrupted by a
rheostat for the fine adjustment of thé ampli-
tude gi the vibrations. The controls on the
amplifying stethoscope which are used are two
in number, a wave band change switch and a
rheostat for coarse amplitude adjustment. The
two other switches ‘varying tone are not used.

The stylus of the Cardiotron machine
ih the upright position interrupts the light
beam from the Cambridge machine and simult-

aneously records the electrocardiogram.







NORMAL RECORDS



Normal Records (1)




A.B., aet 10 years

The two normal heart sounds are recorded,

with the 2nd basal sound split.

L.F. - Low Frequency Tracing.
U.P. - Unfiltered Phonocardiogram.

H.F. - High Frequency Tracing.

The vibrations of the E.C.G. at the T wave
are unavoidable, and due to the high speed of the

recording with an instrument not entirely aperiodic.



Woffpial Records (1).

Apical Tracinga.

Basal Tracings



Normal Records (2)




W.,F., aet 29 yvears

The form of the heart sounds are
well shown in the apical tracing. A
physiological 3rd sound is doubtfully present.
The 2nd basal sound is split.



LF

JHormaf ffccords iz) .

Epical Tracings.

Basal Tracings.
| ———



Normal Records (3)



W.McG, ast 24 yrs.

This case was one of spontaneous
pneumothorax. The cardiovascular system was

normsal,



formal Records. (3).

Apical Tracings

Basal Traclngs.



Normal Records (4)




W.F.#ﬁaet 29 yrs.

Apical tracings from the case
already demonstrated in Fig. 2 showing the

physiological 3rd sound elicited by further

amplification.




Normal Records

Apical Tracings.



ILLUSTRATIONS.

MITRAL VALVE DISEASE.




FIG. 1.




J.T., aet 9 yrs.

This type of case is discussed
fully in the text, in a chapter on the
"equivocal phonocardiogram", It
demonstrates a long, low amplitude, fairly
wide frequency, early systolic murmur at the.
apicalvregion, associated with a 3rd sound
which is prolonged; 3-5 vib;ations. The
3rd sound is alSo visible atlthe base and

the 2nd basal sound is split.



Mitral Stenosis
The Equivocal Early Case.

Apxc&I Tracings.

didst
murmur

systolic

Basal tracings.



Mitral Stenosis.

The Early Case.

Apical Tracings

d'diaat.
murmur
murmur
systolic

M. McL. aet. 18 years.

This is visualised as a further stage
in the production of stenosis with the third
sound increasing in length to Xorm a short
mid-diastolic murmur. The third sound is

also increased in amplitude.



Flg.5»
Mitral Stenosis .

The Early Case.

Apical Tracings.

murmur

F.B. aet. 19 years.

A further example of the short mid-

diastolic murmur in a Case with established

mitral
during
caused
murmur

of the

stenosis. The record was taken

an exacerbation of acute carditis which
auricular fibrillation, The systolic
is well demonstrated, and the slurring

second sound is due to conducted

vibrations of an early diastolic murmur of

aortic incompetence.



Mitral Stenosis.

The Systolic Murrmi.T 0f Fncompetence -

Apicftl Tracings.

~ = minmir-
- a
murmur
ii.M. act. 56 years.
This case illustrates -two points. There

is a marked systolic munmir® of mitral incom-
petence” whieh is clearly Shown to begin with

the 2nd component of the 1lst. heart sound. The
mid-diastolic -murmur of relatively short duration
is clearly visible only in the low frequency

record. The 3rd. sound Is prominent.



Fig. c\

Mitral Stgnoé¢iZz.

The L°ng T)iagtol fc MuTJMIT.

Apical Tracings.

T.C. aet. 44 years.
ShOwra a long- mid-diastolie -murmur
following the 3rd Bound, of predominantly low

frequency. No presyfiftolle aeeentu&tion eould

he detected "but fop the high frequency treeing

where it is clearly visible. There is no systolie

mmtp.



Mitral Stenosis

Incompetence and Stenosis. A fully developed case.

Apical Tracings.

murmur

=gystolic = di*st ti
= murmur murmur
murmur

aet. 54 years.

This record demonstrates several features..
(a) The systolic murmur is typical of mitral
incompetence, though not well seen in the low
frequency record. (b) . The diastolic is through-
out diastole with the vibrations between 2nd and 3rd
sounds of particularly low frequency. (c) . The
3rd sound is accentuated. (d) The high

frequency nature* of "presystolic” accentuation.

18 showne






B.I., aet 20 yrs.

This case again illustrates a number
of points discussed in the text. There is no
systolic murmur. The diastolic murmur, of low
frequency and low amplitude, begins immediately
after the 2nd sound and continues throughout
diastole. The 3rd sound is visible and the
high frequency presystolic accentuation is
marked. Elements of these features are also
recorded st the base, wnere a very short, high
frequency early diastolic murmur of aortic
origin is visible. This murmur was heard

following it's demonstration by phonocardiogram.



Vis.
UitraJL Stenoéie.
Tfie Early Piaatolic Murmur.

Apieal Tracing's.

di.aa_t«*=
Imyain*-

mupittup

Bagal Tracings.



Fig. 8.
Mitral Stenosis.

Mid-diastolie accentuation.

Apical Tracings.

diastolic
murmur

murmur

muarmur

T.C. aet. 40 years.

The diastolic murmur i9 seen to extend
throughout diastole, with low frequency vibrations
between 2nd and 3rd sounds. The accentuated
3rd sound and mid-diastolic accentuation is
demonstrated. The high frequency presystolic

accentuation is again visible.



Fig. 9.
Mitral Stenogis.

The Early Diastolic Munmiv.

Apical Tracings.

' numnop

mvm.Vj_

G-.P. aet. 50 yearg.

gg-aiTi shows the long, lour frequency,
low amplitude diastolic following Immed-
iately on the 2nd sound,with high frequency

presystolic aeeentuation.



Fig.
Mitral Stenosis.
The Early Diastolic Murmur.
Afleal Tracings.
murmur
murmur

Mrs A.S. aet. 38 years.

A further record of a mitral diastolic
murmur extending throughout diastole, vjith a
Visible 3rd sound and presystolic high

frequency accentuation.

10.



Fig 11 .
Mitral Stenosis.

Variation in Murmurs with AU-Picular Fibrillation.

Apica.l Tracings.

murmur

warmup

Mrs B.3. aerfc. 41 years.

Auricular fibrillation at the rate of 44/min
The variable position of tbe mid-diastolic murmur
aeeordlng to the length of diastole is demonstrated.
It is visualised xn the untiltered ptionocardlogpam,
in a "presystolic" position. "pue to the 3I1<5W
rate a wotc rapid record was token,8ccounting fop
the appearance of* a higher frequency than w»as

usually seen.



FIG. 12,
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T7.S., aet 34 yrs.

’ Both apical and basal tracings
"show a definite "presystolic" murmur. No
mid-diastolic is visible. The basal
tracings éhow in addition an early, high
freguency, diastolic murmur of aortic

incompetence.




Flg. 12
Mitral Stenosla.
The "Presystollc** Murmur.

Apical “racings.

pre-
isystolloi

Basal/Tracings



as b

FIG. 13.




P.McK., aet 50 yrs.,

There are two tracings from the ,
cardiac apex taken at different dates and

with varying amplification. A "presystolic"

murmur was audible. In the initial record
this "presystolic™ murmur is recorded. In

the second tracing, with further amplification,
the accentuated 3rd sound becomes visible with

very low amplitude, low freqqency vibrations

of a mid-diastolic murmur following the 3rd

sound. The high ffequency nature of the

"presystolic" murmur is clearly demonstrated.



Mitral Stenosis.
The Presystolic Murmur.

Apical Tracings.

illldiantolt
— “murmur-—

pre-
aystolioF

27/12/48,

systoli

Fig.

15



rmrn

Fitf. U.

(ytitral Stenosis.

Mia-diastolic and Pregyatolic Murmurs.

Apical. Tracings.

s E. Mc/l, aet. 50 years.

Thia cade is demonstrated heeause of the
separation of the diastolic murmur Into two
components in the low frequency hand. There is
a mid-diastolic and "presyitolie° component.

In the other* reeonds it la revealed, as

a munnur occupying all diastole, with presyetolrc

accentuation.






C.McG,, aet 24 yrs. !

This record demonstrates how the low
frequency diastolic murmur may be clearly
visible only in the low ffequency record. The
sole evidence of abnormality in the unfiltered
phonocardiogram, apart from the systolic murmur,
is the markedly accentuated 3rd sound. High
freéuency presystolic accentuation is seen in :
the high frequency tracing. At the base, are
a long, low ampylitude, early systolic murmur
with a relatively wide frequency range, and an
early diastolic of medium and high frequency due

to an aortic incompetence.



Fig. 15.
Mitral Stenosis.

The Diastolic Murmur.

Apical Tracings.

diastolic
murmur
murmyr
Basal Tracings.
| systoli
_murmur
diastolic

‘murmur —



Fig. 16.
Mitral Stenosis.

The "5" Heart Sounds.

Apical Tracings.

N.P. aet. 13 years.

This phonocardiographic curiosity was taken
in a case with an acute exacerbation of carditis.
All five heart sounds as described in the 1literature
are visible. In. the low frequency band, a few low
frequency diastolic vibrations follow the 3rd

sound.
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A.C., aet 50 yrs.

A case which demonstrates the changes
in sounds in mitral stenosis with alteration in
the cardiac rate. The initial tracing was
taken on 25.2.49 with the rate 96/min.  The
rhythm was auricular fibrillation. This
record'showed no systolic murmur. A long
mid-diastolic murmur followed a markedly
accentuated 3rd sound, with some variation in
length proportionate with the length of diastole.

The 2nd tracing was dated 23.3.49. The
ventricular rate was 50/min. Apart from some
doubtful low frequency diastolic vibrations
(which were inaudible), the only abnormality is

the accentuated 3rd sound.



ELF—

Fig.
Mitral Stenosis.
Variation of Murmurs.

Apical Tracings.

diast

murmur

murmur
murmur

Apical Tracings.

17.



Pig. 1iB.
jflitrsl Stenosis.

fln Vrrasufll CfdSG .

Apical Tracings.

murmip

Systolic
murmur

A?P3 A .P. aet# years.

M/ETL initially seen, at the Outpatierri Dept. ,
this case hacl a short apieal systolic, and a long
rumbling diastolic with presystolle accentuation.

Three months later, on Emission to hospital,
gnly the short apteal systolic was audibly @Q/idL
ttie above record was obtained. The rhythm was
slow »uri eT.clap fibrillation. The only visible

abnormality was a very short, but early, wide "fre<1}
vcney Systolic murmur. The 2nd sound was split.



:




D.McK., set 49 yrs.

This case had been diagnosed as
mitral stenosis by Dr. John Cowan, 11 years
ago. The initial phonocardiogram was taken
on 21.1.49. The second was recorded on 20.9.49.
Both tracings show a gross accentuation of the
3rd sound, subject to considerable variation
in size, and seen in one compglex of the 1lst
record as a short mid-diastolic murmur of low

amplitude and low frequency.



UP

LF

UP

Mitral Stcnosi s»
An Unusual Form.

Apical Tracings

Apical Tracings

murumr

systolic
murmur
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ILIUSTRATIONS

AORTIC VALVE DISEASE.




FIG. 20.
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The tracings opposite demonstrate the
type of systolic murmur associated with aortic

stenosis.

‘Mrs. A.T., aet 45 yrs.

The systolic murmur begins with the
3rd component of the lst heart sound, is seen in
all three records and is, therefore, of wide
frequency range. The duration is long and the
smplitude high. The diastolic murmur is of
medium and high fregquency, short duration, iow
amplitude, and follows immediately upon the

2nd sound.

Mrs. M.McK., set 40 yrs.

A similar type of systolic murmur is
seen, The diastolic murmur in this case is of
relatively low frequency and is best seen in the
unfiltered phonocardiogram. There is a slight

crescendo-decrescendo character.



Aortic Stenosis and. Incompetence. Fif 20.
Eheumatic.

Associated with Mitral Stenosis¥*

murmur
= diastolic
'Snirimir
Systolic
murmur —

murmur

murmur



FIG. 21.
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These two tracings demonstrate

variations in the aortic diastolic murmur.

A.,T., aet 21 yrs.

There is a relatively 1oﬁ frequency
systolic murmur of aortic stenosis. The long
early diastolic murmur is of such high frequency
that it produces an almost linear response
during early diastole, in the high frequency

band.

J.P., aet 14 yrs.

In this case the systolic murmur is
mid-systolic in timing, of low amplitude and
narrow frgquency range. The early diastolic
murmur is in the higher frequency ranges, and

has a crescendo-decrescendo character.



Aortic Stenosis and Incompeterice.

Rheumatic.

Associated with Mitral Stenosis.

systolic
murmur —

diastolic
murmur ==

Ba.sal Tracings.

Ppig ZI



22.

FIG.




The record opposite, and the following
two, all demonstrate a feature described in the
text. The diastolic murmur is elicited ciearly
by the high frequency band. The degree of

amplification possible is also shown.

Mrs, R.McD., aet 27 yrs.

The systolic murmur has the features’
of aortic stenosis. The diastolic murmur could
“only be_étated to be doubtfully present in the
low frequency and unfiltered tracings, but the

high frequency record leaves no doubt as to it's

presence.




Fie,
Aortic Stenosis and Incompetence.

Rheumatic.

Associated with Mitral Stenosis.

Basal Tracings .

systolic =
murmur

diastolic
murmur

22
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G.G., aet 20 yrs.

Phis record shows the degree of
amplification of an sortic diastolic murmur
which can be produced by the high frequency

band of this instrument.




Fig
Aortic Stenosl3 said* Jncompe tence.

Rheumatic.

Associated with Mitral Stenosis.

Basal Tracings.

I systolici diastolic
murmur

diastolic
murmur;

diastolic

23.



E.0., aet 13 yrs.

A further case in which the aortic
diastolié}murmur could be clearly demonstrated
by an attenuation of lower frequency vibrations
which confuse the picture in the low frequency

and unfiltered phonocardiographs.




Aortic Incompetence.
Kheumati e .

Associated with Mitral Stenosis.

Basal Tracings.

diastolic.



FIG.

25.




J.F,, aet 35 yrs.

This is a case in which the mitral
diaétolic murmur is elicited by the 10@
frequency band at the apex, and an aortic
~diastolic murmur, doubtful on auscultation,

is visible in both the unfiltered,and high

frequénCy band at the base.




Pig 25.
Mitral Stenosis and Incompetence.

Aortic Stenosis and Incompetence.

Rheumatic.

Apical Tracings.

diastolic ll
murmur

systolic
murmur =

Basal Tracings,

L N P oy T rriyPiyi
-diastolic
murmur-——

ul jgMjtdgW g M jritjy y -

Systolic
‘murmur”

diastolic



26,

FIG.

]

¢

.

-

-

.

N




Both records were from cases thought
to0 be of rheumatic origin, and in which no

evidence of mitral stenosis could be elicited.

J.C., aet 40 yrs.

There is a well mgrked systolic murmur
typical of aortic stenosis. The early diastoliec
is of relatively low frequency and is best seen
in the unfiltered phonocardiogram. It is of low

amplitude but long duration.

W.,H.,, aet 31 yrs.

The appearances are very similar to
those above. The very low amplitude, high
frequency, short, early diastolic murmur is only

8een in the high frequency band.



Aortic Stenosis and. Incompetence.
Rheumatic.
Without F\itraJ. Stenosis.

Basal Tracings*

murmur

systolic—H  murmur
Jiumrur

-Basal Tracings

UP

systolic diastolic

nano

srarmir mumrur

26.



Fig. 27.




J.A., aet 18 yrs.

A case in which the anly abnormality
on auscultation was a doubtful aortic diastolic
murmur a£ the 3rd left costal cartilage. The
blood pressure was 128/60 mm. Hg. |
Phbnocardiogram demonstrates an early diastolic
murmqr,_of.high frequency, low amplitude, and

short duration.



Aortic Incompetence.

Rheumatic.

Without Mitral Stenosis.

Apical Tracings

Basal Tracings.

diastolic
murmur

diastolic

murmur

Pig

27.
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J.McG., aet 27 yrs.

The X Ray showed the presence of a
calcified aortic valve, The typical murmur
of aortic stenosis is well demonstrated to
arise from the 3rd component of the 1lst heart

sound. There is no diastolic murmur.

A.W., set 65 yrs.

The systolic murmur is mid-systolic
in timing though rather long, and may be due to
aortic dilatation. The short, early diastolic
is clearly visible. As a rule the diastolic

murmur in cases of this"aetiology tended to be

of shorter duration.



Pig 28.
Aortic Stenosis and. Incompetence.

Aortio Sclerosis.

Basal Tracings.

mupmar

murmur

Basal Tracings.

murmur

diastolic systolic
murmur murmur

mormur






.W.Co, aet 51 yrs’

This tracing shows a late systolic
murmur of relatively high frequency and high
amplitude. There is doubt as to the cause

of this murmur. Aortic dilatation, or more
likely an aberrant chordae tendintae might be
considered as possibilities. The diastolic

murmur is of low amplitude and short duration.

C.E., aet 66 yrs.

The systolic murmur is typical of

aortic stenosis. No definite diastolic can

be distinguished.

It is worthy of note that it would

be difficult to distinguish the different

timing of these systolic murmurs by auscultation.
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A.G., aet 71 yrs.

The apical tracings show a
mid-systolic murmur of short duration
thought to originate in ventricular
hypertrophy. = There are some vibrations
of medium and high frequency in early
diastole which form a "Foster's Murmur".

) The basal tracings show continuous
systolic and diastolic bruits. It wés
unusual fo find such a prominent diaétolig

murmur with aortic sclerosis but no other

aetiology could be ascertained.
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W.B., aet 48 yrs.

_The clinical piéture was that of
typical aortic incompetence. The Wasserman
reaction was positive. | No history of
rhéumatism could be elicited. There is an
apical mid-systolic murmur of a type referable
to ventricular hypertrophy. The "3rd" sound
is visibie, and a definite mid-diastolic murmur
of low frequency, low amplitude and long |
duration'is clearly seen.

The basal murmurs are similar to
those already described as being due to aortic

stenosis or dilatation and to aortic incompetence.
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R.Y., aet 59 yrs.

A further example of a case similar
to that illustrsted in the previous figure.'
This 1s the case which céme to post-mortem
examingtion and in which no mitral valve
pathology could be discerned.

: The murmurs at the apex are a mid-
systolic; and a long, low amplitude, low
frequency mid-disstolic. The basal murmurs
are those of aortic incompetence and
dilatation.

Comparison with the diastolic
murmurs of rheumatic mitral stenosis show a

remarkable similarity.
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Jj.5., aet 63 yrs,

Another typlcal Austin Flint
murmur with syphilitic mess-sortitis and
aortic incompetence. In this case the
early systolic murmur st the apex

demonstrates a relative mitral lncompetence.
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Th© Austin Flint Murmur.
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Apical Tracings.



FIG, 34,

P .




J.R., et 30 yrs.

A cese with an aneurysm of the.
ascending part of the sortic arch, and
marked sortic incompetence, blood pressure
110/0. The Austin Flint murmur is a
long, low frequency, medium amplitude murmr
occupying all diastole.

The basal sortic diastolic murmur
is not marked with comparison to the blood
pressure, and other evidence of considerable

sortic incompetence.
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C.0'S,, set 51 yrs.

These tracings are demonstrdted
in conjunction with those in the following
illustration. The case is that.of an
aneurysm of syphilitic origin situated on
the aortic arch. The systolic and diastolic
bruit from the aneurysm’is conducted to the

base of the heart.
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C.0'S., aet 51 yrs.

Records from the aneurysm described
on the previous page. The bruit is Qontinuogé N
throughout systole and diastole, with:the. |
emphasis on the systolic phase, and particularly
in late systole. The frequency is in the

higher ranges.

J.R., aet 30 yrs.

Tracings from the aneurysm of the case
shown in Fig. 34. The bruit is again
continuous throﬁghout systole and diastole but
the emphasis is on the early diastolic ﬁhase.

: The‘fréquency is again mainly in the higher -

ranges.
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A.D., aet 25 yrs,

A'member,of en R.A.F. alr crew
who was crushed in en sircraft accldent, and
whose symptoms and signs dated from the
accident, The apical systolic murmur is
considered to be conducted from the aortic
.area., The basal systollic and diastolic
mrmurs are typical of sortic stenosis and
incompetence. The phoinocardiogram would
suggest that an initial rheumatic infection

was possible,
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J.N., aet 34 yrs.

This case suffered a severe strain
wﬁile at work, with symptoms dating from the
incident. The diastolic murmur was of
"cooing" quality. The regular vibrations
of a musical note are clearly seen. The
aﬁical systolic murmur is of the type
associated with mitral incompetence, probably
of relative nature. The apical diastolic

murnmur would fit the description of a "Foster's"

murmur.
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ILLUSTRATIONS

INNOCENT SYSTOLIC MURMURS




These two cases illustrate the apical

mid-systolic murmur,

Mrs., A.C., aet 57 yrs.

The low amplitude, medium and high

frequency, short mid-systolic murmur was seen.

H.B., aset 14 yrs.

The systolic murmur was of typical

innocent type. The 3rd sound was prominent.
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T.H., aet 15 zrs.

An example of the apical mid-systolic
murmur with an accentuated 3rd sound showing

marked respiratory variation.
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R.T., aet 8 yrs.

The mid-systolic innocent murmur of
low amplitude, narrow frequendy range, and short
duration in conjunction with a prominent apical

3rd sound and a split basal 2nd sound.
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M,D., aet 27 yrs,

An example of the basal mid-systoliec
murmur of narrow frequency range, low amplitude,

and short duration. The 2nd bassgl sound was

narrowly split.
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G.G., aet 22 yrs.

A further example of the basal
mid-systolic murmur of somewhat wider frequency

fange than was usually found.
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T.T7., aet 47 yrs,

The murmur was noticably late systoliec
in it's onset, and was more prominent at the apex.

It is well elicited by the high frequency band.
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ILIUSTRATIONS

EQUIVOCAL __PHONOCARDIOGRAMS
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O.H., aet 8 yrs.

- This case was considered to be in
the probable innocent group. The sygtolic
murmur was of low and medium frequency, low
amplitude, short duration and mid-systolic in
timing. The 3rd sound was followed by a few
doubtful low frequehcy vibfations. The 2nd

basal sound was split.
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J.0., set 15 yrs.

There was a low amplitude, early,
wide frequency, long systolic murmur at apex
and base, thought to denote a degree of mitral
incompetence, The 3rd sound was prominent and
a few vibrations of low frequency followed it.
The presence of those vibrations were thoughf
to justify caution in offering an opinion.

In addition, at the base, there were some

doubtful high ffequency vibrations after the 2nd

sound.
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J.McC., aet 14 yrs.

An example of a probable lnnocent
marmur in association with a prominent aplcal
3rd sound and a split basal 2nd sound. The
mid-systolic nature of the murmr was clear

and it was more prominent at the base.




Equivocal Phonoeardlograw.

Probably Innocerrt.

Apical Tracings.

murmur

t=tr murmur

Basal Tracings.

systolic
murmur

murmur

Pig 47

EEEEE tAf 0



' FIG

o
. . .
k | . e . .
R o .
. ) ; o



S.R., aet 20 yrs.

A further example of early apical
end basal systolic murmurs, with a prolonged
apical 3rd sound. A case which was considered
~to show a mitral incompetence with doubtful

developing stenosis.
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J.L., set 7 yrs.

A striking example of a ﬁnrmnr of
mitral incompetence assoclated with an
accentuated apical 3rd sound followed by some
Jlow frequency vibrations, snd a Split,

accentuated basal 2nd sound.
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H. M., aet 20 rs.

The apical systolic murmur,
mid-systolic in timing, of very low
amplitude, was seen only in the unfiltered
phonocardiogram, The apical 3rd sound was
visible.

The basal systolic murmur was of
long duration, and the onset could not be
defined with certainty. The amplitude was
low and it was visible in all three records.
At both apex and base there was high freguency
vibrations in early diastole, but not ob?ious

enough to justify a definite diagnosis.
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" J.R., 86t 15 yrs.

This case showed a short apical systolic
mrmar of indeterminate beginning. At the
base was a similar murmur, and with high
smplification some high frequency vibratlons
in early diastole became visible but nobt in =
sufficiently definite fashion to warrant a

dlagnosis,
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This case 1s described in the text.
The striking feature was the grossly accentuated
3rd sound, seen in one complex at the apex as a
short, low frequency, mid-diastolic murmur. It
was thought that in conjunction with the history

the changes indicated an active carditis.




Fig 52.
Equivocal JPhonocardiograijn.
With greatly accentuated 3rd sound.
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W.L., aet 40 yrs.

This was a case of the nephrotic
syndrome, without hypertension, which
developed a considerable anaemia.  Hb., -
40% of 14 grams, RBC. - 1.99 million/cu.mm.,
WBC. - 10,200/cu.mm.

There was a well marked mid-systolic
murmur, of low and medium frequency, low
amplitude and short dﬁration. This murmur
was considered to be essentially non-valvular
in origin. A flabby myocardium, diminished
blood viscosity, and increased rate of the

circulation may have been factors involved.
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Mrs A.McK. set 26 yrs.

A typical mid-systolic murmur in a
case of anamemia of the puerperium; Hb. - 50%
of 14 grams, RBC. 3.7 Million/cu.mm.  WBC.
4,600/cu.mm. In this case the murmur was seen

with equal facility at apex and base.
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H. M., aet 20 rs.

The apical systolic murmur,
mid-systolic in timing, of very low
amplitude, was seen only in the unfiltered
phonocardiogram. The apical 3rd sound was
visible.

The basal systolic murmur was of
long duration, and the onset could not be
defined with certainty. The amplitude was
low and it was visible in all three records.
At both apex and base there was high frequency
vibrations in early diastole, but not obvious

enough to Jjustify a definite diagnosis.
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.JaRa, 83t 15 yI‘S.

 This case showed a short apical systolic
mirmr of indeterminate beginning. At the
base was a similar murmr, end with high
amplification some high frequency vibrations
in early disstole became visible but not in a
sufficiently definite fashion to warrant a

diagnosis,
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E.A., aet 16 yrs.

This case 1s described in the text.
The striking feature was the grossly accentuated
3rd sound, seen in one complex st the apex as a
" short, low frequency, mid-diastolic murmur. It
was thought that in conjunction with the history

the changes indicated an active carditis.
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w.L., aet 40 yrs.

This was a case of the nephrotic
syndrome, without hypertension, which
developed a considerable anaemia. Hb. -
40% of 14 grams, RBC. - 1.99 million/cu.mm.,
WBC. - 10,200/cu.mm.

There was a well marked mid-systolic
murmur, of low and medium frequency, low
amplitude and short dﬁration. This murmur
was considered to be essentially non-valvular
in origin. A flabby myocardium, diminished
blood viscosity, and increased rate of the

circulation may have been factors involved.
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Mrs A.McK. aet 26 yrs.

A typical mid-systolic murmur in a
case of anaemia of the puerperium} Hb., =~ 50%
of 14 grams, RBC. 3.7 Million/cu.mm. WBC.
4.600/cu.mm. In this case the murmur was seen

with equal facility at apex and base.
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Mrs., A.C., set 30 yrs,

An iron deficiency anaemia due to
repeated pregnancies. Hb. -~ 68% of 14 granms,
RBC. - 3.5 Million/cu.mm. WBC. 5000/cu.mm.

There was a mid-systolic murmur of medium |
frequency, very low amplitude and short duration
at the apex, and a late systolic murmur of similar

characteristicse at the base.
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Mrs., A.S., aet 79 yrs,

This case was one of Fernicious Anaemia
of severe degree. Hb. - 38% of 14 grams, RBC.
- 1.75 million/cu.mm. WBC. 6,000/cu.mm. There
was moderate cérdiac enlargement.

There was an early systolic murmur at the
apex sugggstive of probable functional mitral
incompetence.

There was an early systolic murmur at the
base slightly later than the above, and the 2nd
sound was followed by an indefinite, medium
frequency, early diastolic murmur. The latter
two murmurs suggested aortic dilstation and
regurgitation. There was no radiological

evidence of aortic sclerosis.
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Mrs, E.T7., aet 46 yrs.

A case of myeloid leukaemia in the
terminal stages. Hb. - 28% of 14 grams,
RBC. 1.31 million/cu.mm. WBC. 13.500/cu.mm.

An early systolic murmur of mitral
incompetence type was preceded by a "presystolic®
murmur seen in the low frequency band and .the
unfiltered phonocardiograph.

A fatty, flabby myocardium was found at

autopsy. No mitral lesions were visible.




Mli'i>* M1 tecxixiai £» — B -« M f tHll /HsH —B> .

)4



FIG, 58.




Mrs. A.C;, aet 20 yrs.

A case of severe meéaloblastic anaemiq.
The first tracing illustrated on the opposite
page, was taken on 17.11.48, with the blood
count; Hb. - 32% of 14 grams. RBC. - 1.42
million/cu.mm. WBC. - 2.500/cu.mm.

At the apex there was a low frequency,
low amplitude mid-diastolic murmur following an
unduly prominent 3rd sound, with high frequency
presystolic accentuation well seen in the high
frequency band and which was continuous with a
short, early, medium and high frequency systolic
murmur. At the base an eérly systolic murmur
of medium and high frequency, low amplitude, and
long duration was seen, with doubtful vibrations
of high frequency immediately after the 2nd
sound suggesting an early diastolic murmur. The
appearances could not be distinguished from
mitral incompetence and stenosis with aortic

stenosis and perhaps incompetence.




Murmurs in Anaemia.
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Mrs. A.C., aet 20 yrs.

The 2nd tracing taken from the case
described on the previous page. - This was taken
on 30,1.49. The blood count was Hb. - 102% of
14 grams, RBC. 4.41 Million/cu.mm., WBC. 8000/cu.
mm.,

At the base there was a mid-systolic
murmur of medium frequency, low amplitude, and
short duration. The murmurs previously seen and

heard had disappeared with recovery from the

anaemia.




Murmurs in Anaemia.

Disappearance following treatment.
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Mrs. M.F,, aet 25 yrs.

A case of moderate severity. A mid-
systolic murmur was recorded at the apex. It was
of low amplitude, narrow frequency range, and short
duration{ appearances similar to that of the
"Innocenﬁ" systolic murmur. Elements of the murmur

ﬁere also visible at the base where the 2nd sound

was split.
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A.B., aset 56 yrs.

A case of moderate severity in a male.

The murmur was similar to that shown by the
previous case. It was mid-systolic, short, of

moderate amplitude and narrow frequency range.

A.W,, aet 46 yrs.

A further case of moderate severity in

a male.  The mid-systolic murmur was demonstrated.




Murmurs in Thyrotoxicosis.

Apical Mid-Syatollc Mumnurs.

i;
JE?" 7
=systolic
. murmnr

iturmur

imirnur



/
i
R
kN
R

FIG,

62,




Mrs, B.S., aet 51 yrs.

A case of moderate severity. The
prbminent feature was the early systolic murmur
of moderate amplitude and long duration which was
séen in all three recordings at the base.
Radiology demonstrated dilatation and elongation
of the aorta, with slight increase in cardisc size
to the left. This aortic dilatation probably
accounted for the murmur. A short high frequency
early systolic murmur was seen at the apex, which

may have been due to a degree of functional mitral

incompetence.
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Mr, E.S., set 51 yrs.

Tracings from over the thyroid of the

previous case. The bruit was seen to be

continuous through systele and diastole,

~ diminuendo in diastole.
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A Thyroid Bruit.
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Mrs., G.S., aet 29 yrs.

A case of moderate severity. Numerous
records were taken and an extract is illustrated,
using the unfiltered phonocardiograms.

A basal mid-systolic murmur of
functional nature was visible. The thyroid bruit
was seen to continue throughout systole and disstole
diminuendo in diastole and was unaltered by
pressure on the Jugular veins, or on the Carotid

‘arteries.
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MURMURS IN HYPERTENSION
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Mrs, M.McC,, aet 49 yrs.

The featurgs were the definite mid-gystolic
murmur of short durétion and medium and high
frequency at the apex, presumably due to
ventricular hypertrophy; in contrast with the
early, all frequency, long, high amplitude
systolic murmur at the base, thought to 5e due to

aortic sclerosis.
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D.B., aet 60 yrs.

The 1st sound at the apex showed a marked
auricular or 4th sound and a'split_ventricular
complex, forming a "triple" 1lst sound. This was
followed by & low amplitude, medium frequency,
short mid-systolic murmur, which was also visible

in the basal record.
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J.M., aet 69 yrs.

This record demonstrated an early basal
systolic murmur of relatively high frequency, of
low amplitude and long duration, which was
probably due to a degree of scierosis of the aortic

valve, or dilatation of the aorta.
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FIG, 68.




T.H.,, aet 15 yrs.

A boy in cﬁhvalescence from
Scarlatina. There 1s & mid-systolic
mirmur of "innocent" charascteristics and
an accentuated physiological 3rd sound
showing respiratory variation. No other
evidence of cardio-vascular abnormality

could be found.




Fig.68
Grfrllop Rhythm (Diastolic).
Proto-diastolic Gallop

Rapid Ventricular Filling Gallop.
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D.B. aet 60 yrs.

The auricular,or 4th sound,
was clearly demonstrated. The presenting
festure was hypertension of long standing,

with considerable cardliac eniargement.

B.¥., aet 50 yrs.

The unduly prominent auriculsr
sound 1is seen. This was a case of

congenital interventricular septal defect.
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S.M., aet 30'yrs,

A case of an acute exacerbation
6f a chronic bronchitis and emphysema.
There was tachycardia, rate 130/min.
Ghronic cor pulmonale developed. Autopsy
showed no valvular lesions to be present.
There was superimposition, or summation, of
the 2rd and 4th‘sounds to form a sound which
was clearly audible, though the rapidity of
the heart beat prevented precise timing and
definition. The phonocardiogram showed it's

exact timing and origin.



Gallop RhytKm. (Diastol ic).

Summation Gallop Rhythm.
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M.McL., aet 19 yrs.

A congenital heart lesion was
present. Eisenmenger's Syndrome was the
final diagnbsis. Because of the marked
tachycardia, rate 130/min., there was a
summation gallop present, similar in nature

to the previous case.
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I.R., aet 12 yrs.

A boy with marked chronic
bronchitis and early chronic cor pulmonale.
There was an unusual form of split 1lst
sound with what was thought to be an
accentuated 5th sound (auricular-diastolic
sound) due to a hypertrophied and dilated

right auricle.

J.R., set 22 yrs.

This slow speed record was taken
from a case of interventricular septal defect
with complete heart Dblock. The auricular
souhds could not be defined with certainty

in a high speed record due to their low

amplitude.
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W.D., aet 55 yrs.

A men with marked hypertension
B.P. 280/100, without clinical or
radiological evidence of cardiac enlarge-
ment, There was a sound in early systole
which may heve been due to the separation
of the isometric components of the lgt heart
sound, or was san extra gound in early
systole, A mid-systolic muraur of
"functional” characteristics followed this

sound.
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Systolic Gallop Rhythm,
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J.G., aet 50 yrs.

This extra sound was dlscovered
on routine examinatlon of a men who
complained of dyspepsis of peptic ulcer
type. Nowother evidence of cardiovasculsar
abnormality could be foﬁnd. It was
audible as a "clicking" sound. The
systolic murmur was mid-systolic in timing,
of low amplitude, narrow frequency range,
and short duration. These changes were

thought to be "innocent" in nature.
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P.W,, aet 42 yrs.

A man who presented himself
with a history of haemoptysis for which
no definite cause could be foﬁnd. A
triple rhythm and indefinite murmur raised
the possibility of mitral stenosis, The
phonocardiograph gave the proper timing and
perspective to the changes in heart sounds.
Further investigation was essentially
negative, the cardiac shadow was normal on
screening. Theré was a systolic murmur
following an extra sound in late systole,

both of which were probably cardio-respiratory

in nature.
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C.W., aet 24 yrs.

Clinical examination and investigation
confirmed the didgnosis of interauficular septal
defect.

The apical tracing showed a mid-systolic

.‘murmur, of low amplitude and short duration. The
basal tracing showed a more prominent short
mid-systolic murmur. A very low amplitude, high
frequency early diastﬁlic murmur followed the 2nd

sound.




Interauricular Septal Detect.

Apical Tracings.
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B.F., aet 50 yrs.

This case presented as a haematemesis.
Examination and investigation revealed the presence
of an interventricular septal defect. The typiecal
murmur of this lesion was well demonstrated.

There was an early systolic murmur,
%eginning with the 3rd complex of the lst heart
sound, of wide frequency range, long duration, and

with a crescendo - decrescendo character.
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P.L. aet 20 yrs.

A further example of the typical murmur
of Interventricular Septal Defect, simiiar in
charscteristics to the previous case and illustratf‘
ing tracings taken from over the area of maximum

intensity of the murmur at the 4th left intercostal

space.
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Interventricular Septal Defect.
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J. McG, set 27 yrs.

This record was derived from sn aortlc
vsténosis who gave no history of a rheumatic |
infection. The leslon ma2y heve been congenital
in drigin. There was an early systollc murmur
- &t the base, of wide frequency range, high
amplitude and long durastion. The aplcal murmur may

be due to a degres of mitral incompetence.
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C.S., aet 18 yrs.

The apical systolic murmur was mid-
gystolic in timing and may have been due to
ventricular hypertrophy. The aortic diastdlic
murmur was well recorded in the apical tracings
and had characteristic features. At the base a
practically continuous bruit, which was of
comparati#ely wide frequency range - and low:

amplitude, was recorded.
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J.I., aet 14 yrs.

The murmurs were somewhat similar to ‘the
previous case. _ A feature seen in both records, but
more marked in this one was the prolonged split first
sound. This was seen in other cases of co-arctation
of the aorta. The apical murmur was mid-systolic.

At the base systolic and diastolic murmurs
were recorded. The systolic murmur was earlier than
the apical murmur, the frequency range wider, and the
duration longer. It may be due to a degree of
sclerosis of the aortic valve. The diastolic murmur‘
haB_the»earlj onset and higher frequency characteristic

of the murmur of sortic incompetence.
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Je3., a8t 20 yrs.

Tracings from thé apical region, base,
and the 2nd 1eft:intercbstal spacé ére demonstrated.
The propagation of the murmur was widespread over
the praecordium with systoliec and diastolic
elements visible at both =2pex and base. The
continuous "machinery" naturs of the murmur with

the prominence of the systolic phase was well

demonstrdted,




Patent Ductus Arteriosus.
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Patent Ductus Arteriosus,

Machinery murmur

Machinery murmur






JdMcN. aet 16 yrs.

A typical case of Fallot's Tetralogy.
The apical murmur was that already described as
being typical of interventricular séptal defect.

The basal tracing showed the murmur due
to pulmonery stenosis. Thé onset was later than

the apical murmur, the frequency range was wide

but relatively higher, the duration was long and

the amplitude high.
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A.M. aet., 53 yrs.

This girl had been known to have a
cardiac lesion from the age of 5 months. The
clinical picture was that of Fallot's Tetralogy.

Typical murmurs were seen. The apical
murmur was less prominent than in the previous
case.

The crescendo character in late &ystole
was a feature frequently seen in the murmur of

pulmonary stenosis, and was well demonstrated in

this case.
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M.McL. aet 19 yrs.

A case of‘Eisenmenger's Complex.
This tracing has been shown already under
the heading of Summation Gallop Rhythm.

The apical murmur was that of
interventricular septal defect.

The murmur of pulmonary dilatation
has similar characteristics to that of

pulmonary stenosis, though in this case, not

of so great an amplitude.
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J.H., aet 46 yrs.

The cliniéal diagnosis was made in
November 1948 tollowing an investigation
including cardiac catheterisatibn. Autopsy in
November 1949 confirmed the clinical diagnosis.
The characteristics of the murmur on auscultation
which had been previously described in the
literature as typical, were that of a machinery
murmur in the region of the 4th left costal
cartilage, more prominent in diastole.

| The phonocardiogram confirmed the
‘clinical description.

At the apex there was a systolic
murmur of relative mitral incompetence, and
conducted elements of an early diastolic murmur.

At the base, a systolic murmur of
aortic stenotic nature was explained by a degree
of calcification of two of the aortic cusps.

The diastolic murmur wss conducted from the 4th
left costal cartilage, and the two combined gave
a "machinery" murmur appearance.

The loud harsh nature of the machinery
murmur was well portrayed by the records from the
4th left costal cartilage, the onset of the
systolic eiement in mid-systole and the prominence

of the diastolic phase was elicited by the high
frequency band. | |
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Rupture of the xight Sinus »f Valsalva

into, the Right Ventricle,

Tracings fro\n the 4th Left cCostal Cartilage.

Ma.cViinery Murmur

“Machinery Murmur.



