ohs 1re not absolutely dead things, but do contain a potoncy of life 1n them to bo
active as that soul was whose progeny they are, nay they do presorvo 4asin a
il the purost efficacy 1nd extraction of that living intellect that bred them
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Preface

This book consists of four prinespal sections and an mlroduc:lof}hchap‘“;
on technic The frst section 15 concerned with the history and p )51;5 ]0
sound as 1t relates to auscultation and phonocardiography and 3’(510 L] ;lh ¢ "l
scripions of various recording devices commonly used 1n the study o Ll'ar
sounds and murmurs This section chapters 2 to 6, was wntten by the late
\r M B Rappaport E E,of the Sanborn Company, Waltham, Massachu
setts A consderable amount of this matenial 15 based on earher papers by
Mr M B Rappaportand Dr H B Sprague The second section, chapters 7
to 17, deals with | and phonocard yhy wn acquired heart dis
ease Dr H B Sprague collaborated with me in the wanung of this section
The matenal for 1t was gathered dunng the four years 1951 to 1954 when
1 had the privilege of working 1n the cardiac department of the Mas<achu
setts General Hospital and also at the House of the Good Samantan, Roston
The third section, chapters 17 to 29 15 concerned with auscultation and
phonocardiography in congenital heart disease, Dr A S Nadas collaborated
with me in the wnting of this section The matenial was gathered durng the
three years 1954 to 1957 when I had the privilege of working i the Sharon
Cardiovascular Unt at the Children’s Hospital, Boston The fourth section
chapters 30 to 33, contains miscellaneous information concerned principally
with arrhythmias, and the data were obtained over the past 8 years

Numerous persons have assisted 1n many ways during the preparation of
this book, but same deserve particular mention  first and foremost one of my
co authors the late Mr M B Rappaport, who first taught me how to take
and read phonocardiog and who p 1y answered scores of questions
on the physics of sound as related to auscultation and phonocardiography
next the members of the cardiac department of the Massachusetts General
Hospital particularly Des P D White, H B Sprague and E F Bland who
provided me with a laboratory to work 1n and gave me access ta there patients
and their records Dr A § Nadas at Children s Hospital, Boston and Dr
B F Massell at the House of the Good Samantan Boston gave me complete
s o 4 e M. Rl o
pressure !racmgs and“saosu:; Stec EISM 7 emabling me (0 obtaim simultancous
Judsth A Ashby, who spent ::au:rtl:sg;:hm s seemed o be indicated To

urs teanslating articles from svarious

foreign Janguages which I could not
read and to \rs Maraia L.
edited this manuseript 1 owe my greates| , o

t thanks, for with,
book would never have been completed ’ hont the help ths

mcla;ake ]full responsibility for the phonocardiography tratings, their tech
2 quality the accuracy or othermise of their Iabelling and interpretation
and for any errors and omissions m the text

Patrick A Ovorky

e
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1/ Introduction

Auccultation and phonocardiography represent two complementary meth
ods for studying heart sounds and murmurs Auscultation 15 the older
method and uts systematic use dates from the imvention of the 512\!\05::“):
by Laennec? 1 1816 Phonocardiography was developed by Enthaven \(:
1393 although some work had been done by Chawveau and Fawre n 1855
and Donders i 18594

As employed today, auscultation 15 adequate for routine chmcal exam
mation but 1n the mvestigation of complex arrhythmas, marked tachy
cardiac and cardiac cycles contamng mulbple Sounds or murmuss,
phonocardiography together with switable teference iraongs, 15 essential
jor correct mterpsetation

AUSCULTATION
Thstory

It 15 certamn that from early ume, physimans have been awate that the
beating of the heart tesults 1 audible sounds The great wonder 15 that st
took so fong for the art of auscultation to develop Harvey® recogmzed the
first heart sound 1 1628, and, prior to Laennec’s* discovery of the stetho
scope Corvisart ? gave such admurable descniptions of the palpable thrils
assotated with mitral stenosis that 1t 15 difncult to beheve that he toa id
ot bear the murmurs of these patenis with the ear directly apphed 1o the
chest wall During the Iatter part of the eighteenth and the early nineteenth
centuries Corvisart ® and doubtless many others noted that heart beats
could be heard when tbe ear was apphed directly o the chest that ys by
smmediate auscultation However 1t was nat until 1816 that Lacnnec
vented the first crude stethoscope Which he described in 1819, and which
signalled the buth of medwte auscultation  After this events moved
quekly and duning the next forty years excellent desctiptians of the
sounds and murmuts 1n healthy and diseased heasts appeared 1 the French

a‘x:::\‘ix:‘%\; b literatyre and 10 2 lesser extent i the German and Amencan

sml;,a:“;i; 1 éescr\hed many rurmurs and sounds occurring n stenotic le

iy ythmias and functional cardrac <fates It 1s well to remember

owever that Laennec attnibuted the second heart sound to atnal contrac
3
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ascending himb of the ¢ wave1s helptul m determunng the end of the first

b he ¢ wave to be of any great use It
heatt sound, but we have not found the v e
must be remembered that traciegs {rom the jugular vemn reflect lt;'\e: s
the nght side of the heatt, and 1t may be difucult to correlate these
sounds and murmurs produced the left swde of the heart ‘

For timing the aortic valve dlosure, the erterial pulse, with ats dicrotic
noteh, 15 of the greatest help, whereas for the tming of the early systolc
sounds, both mtraventrictlar and mira arlersal pressure tracmngs from cav
diac catheters often are necessary

For the mvestigation of atral sounds, much work has been done with
mtrg csophageal tracings

4 The recording room should be as soundproof as possible, mith abso
Tutely no talking or moving around by persons 1 the room while the record
mg 1s being made

5 Outside electrical interference should be elmunated as far as possible

6 Before recording a phonocardiogram on any patient, 1t 15 essential that
a full cardiac examination be performed and that the findings of all the
examuners be recorded This prevents physicians from making routine re
quests for phonocardiograms to solve their auscultatorv problems without
first making a conscientious and detailed clinical examnation It also allows
alater study of the records and a comparison of the results of auscultation

and phonocardiography, i order to determine where and under what air
cumstances mistakes are most frequently made

TrenNic

Since phonocardiography 1s simply a refinement of auscultatian 1t 1s ob
vious that the method of approach will be similar The method desersbed

here 15 that which e follow in our chimcs and which we have found to be
satisfactory

Certamn hasic recordings are made 1y, and add \\ 4

are made 1n selected cases, as required On the recording machines a\a\\n\;\,e
to us we have the stethoscopic and logarithmmc microphones (see chapter
7) Since the stethoscopic microphane tecords low {requency sounds, such
as the third and fourth heart sounds, 2s well as those 1 the maudhble ;ange
we begin by taking a stethoscapic recording at the apex, using the e\ec\m'
z‘;rdlogr;m a; a referer:;:e (raimg Then we change to the Joganthmc type
recordin evice, and Sum 2]
of auscultaflon (seé table l)p 7 S0Rl the ucsophane 1o the routine atess

1f, during chnical auscultation, we have decided that recordings 1n other
areas would be seful (such as under the Jeft clavicle 1n a patient who has
patent ductus arteriosus over the first dorsal spine 1n one who has
tion of the aorta or on the ecten

ght side of the che:
cardra), we explore these areas way st .n one who has destro

suitable recordings  the approprate chest pieces and make
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tion, a fact excusable enough, but one which must be recognized m order to
interpret his descriptions adequately

PHONOCARDIOGRAPHY

REQUIREMENTS

Although there 15 no universally accepted method for recording a phono
cardiogram, and, although there are many vanations techmc, there are
certam basic requirements These are as follows

1 A suitable recording device must be selected which fulfills the criteria
outhned n chapter 6

2 It 15 important that the patient be warm, relaxed, and preferably
stripped to the waist Only under these conditions can the artefacts result
ing from the contact of the mucrophone with the patient’s clothing be
avoided It 15 also important that the chest piece be applied with sufficient
firmness to prevent friction between the recording device and the patient’s
shin and body haw

Muscular tremor from a shivering patient, or one who 1s apprehensive or
dyspnerc, results i distortion of both the electrocardiographic basehne and
the phonocardiographic tracing, making an accurate mterpretation difficult

If a patient c1n co operate, 1t 15 best to have lm hold lis breath 1n mod
erate expiration Since this 1s not possible 1n small babies and extremely
sich patients, one must learn to recogmze artefacts due to respiration and
to make suitable allowances for them It may be helpiul to have the patient
voluntarily take several deep breaths and to take the tracing in the period
of apnea which follows

3 ‘There must be simultaneous recording of suitable reference tracings
The eastest and most commonly used reference tracing 1s the electrocardio
gram This 1s satisfactory for timing the first heart sound which must occur
after the Q wave of the electrocardiogram, the second sound near the end
of the T wave, nd the atrial sound which must occur after the P wave
However, 1t 15 of no use for timing the diastolic events, 1s there 1s no con
stant refationship between the mechanical and electrical events of the car
diac cycle during diastole

On the other hand, we have found the apex cardiogram to be of httle use
during systole, but of great assistance during drastole, m those cases in
which a good, rapid, inflow wave 1s recorded We have learned that the apen
ing of the atnioventricular valves coinctdes with the “O” point at the begin
ning of the rapid inflow wave, and that the third heart sound occurs at the
summit of this wave A split second seund records its tno components on
or before the negative wave preceding the “O ' point of the apex cardiogram

The jugular venous pulsc 15 often helpful, and, indeed, 1s considered by
Orias and Braun Menendez 7 {0 be the most useful of all the reference trac
ings Certanly, the ¢ wave 1s useful in timing atnial contractions, and the
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TABLE 1

D
TYPICAL PIONQCARDICGRAPRIC RECQRD CARI

Patient s status .
Age Sex Oceupation Clycal dragne:
home

Reason phonocardiogrant requested

Gitung forward

Posxhon\ Qupmt\ Supwe | Supine \ Supine ‘ Supine

Supine | Supine and to left
i
Respiration
(attested expiration)
Area spex |4 LIsp LIS ms‘ Apex s LIsV 3 LIS
Wiero ) Steth | Log YTog Log Loz Log
phone

Chest |MOB |MOB]MOB|MOB MOB OB jMOB thL
prece

diaphragm
Puse | Apex | Apex | JVP [JVP [JVP [ VP AR

card- | cardio-

gram | gram
ECG I u 18 I hig n 1n n
Lead
Amph 1 [ [3 \ § 6 6 6 6 6
tude \

MOB suizufies the medum open bcl!

JVP scmfies the juzalar venous pulse
The black duphragm 15 0015 10 thich
The “brown o thick diphrazm 15 0035 thick

additronal record 1n posttion 7 (with the patient sitting), using 3 draphragm
chest pece to record mote clearly a dastohc murmur at the left sternal
border
If a two-channel machine 1s being used, the same system 15 followed, ex

cept that st 1s not possible to record both a pulse tracing and an electro

cards Ty wuth the pt , therefore, extra
tracings must be made Tius means that more film 15 used, but the two

channel machine 15 easter to operate, and, especially for chuldren, the two
beams are easier to control than ave the three beams of the tr beam machine

ANALY SIS AND INTERPRETATION OF THE PHONOCARDIOGRAM
The phonocardiogram (Fig 1) 15 interpreted as follows
1 Fust the adividual heart sounds are described noting their intensity
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The routine method of recording 1n cach area 1s as follows

1 Explamn the procedure to the patient in some detail to allay apprehen
ston and to gamn the patient’s co operation

2 Malke sure the patient 1s warm, relaxed, and comfortable

3 Apply the electrocardiographic electrodes or the appropriate pulse at
tachments

4 Choose the stethoscopic or loganthmic recording device, as required,
and choose the appropriate chest piece, such as the small, medium, or large
open bell, or the thin or thich diaphragm (see figure 10)

5 If possible, apply the microphone to the chest wall with a rubber strap
encircling the chest, being careful to adjust the tension of the strap 1n order
to obtamn the best identification of the heart sounds For children and ex
tremely sich patients, 1t 1s easier to hold the microphone i position by hand

6 Having allowed the machmne to warm up, and while listening with the
amphfying stethoscope, make certan there are no extraneous sounds, and
examune the recording beams on the machine to determine whether they are
adequately spaced and will give a stable baseline In addition, male certain
that the sound vibrations are of sufficient amphitude to give a good tracing
which will be easy to interpret

It 1s a mistale to 1nsist on a perfectly flat baseline, since, 1in order to
achieve this, some murmurs of low ntensity and esther hugh or low fre
quency may be screened out One soon becomes adept at differentiating any
artefacts, or fuzziness of the baselne, from the true murmurs

After having explored the routine areas of auscultation with the electro
cardiogram as a reference tracing, we routinely record the apex logarithmic,
and often the apex stethoscopic, phonocardiogram with the linear apex car
diogram Depending on which additional sounds or murmurs interest us
particularly, we next record the heart sounds in the corresponding areas,
with the jugular venous pulse tracing being recorded simultaneously

In choosing the recording chest preces, we routinely use the open bell,
with the size appropriate to the patient’s chest, and then use the diaphragm
for any areas where we consider 1t necessary

This completes the routtne phonocardiogram, but, depending on the patient
and the murmurs and sounds which we are recording, we adopt additional
methods comparable to those which are used 1 auscultation To accentuate
apical rumbles, we exercise the patient, turn him i the left lateral decubitus
position, and apply the bell hightly to the apex To accentuate aortic diastohc
murmurs, we often have the patient sit up, leaning forward and to the left,
while a diaphragm chest piece 1s appled firmly over the aortic area or n the
third or fourth left interspace

As the phonocardiogram 1s tahen, a record 1s made of all the procedures
performed (Table 1)

This chart shows a patient’s typtcal phonocardiographic record in positions

1 to 6, the areas usually recorded tn a routine phonocardiogram, with an
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TABLE 1

TLRICAL 110N ACARDIOGRAPHIC RECORD CAFD

Patient s status

Age Sex Oceupation Climcal dragnoss
Agme
Reason phonocardiogrom requested

\ \\<ulmg formant

t i
AR Supme | Supme {and to et
Pontmrxi Supe l Syptne 1 Sypine \’ Supine ) ~upm:\ ! i

Respsratian

(arcested expiration)

Area aer s Lisle Lisle RIS] Aper x: LXS} 3 LIS

Miera | Steth | Lop | Log Log Lot Lae Log

Lor
bhone

1

Chest [MOB[MOB|MOB [MOB OB [ MOB (MOB | Blad

prece

haph rarm
Palse Apex | Apex | JVP JVr PIve LT kl\!‘ Nt
i
] )
} \}

t
ECG n s i n

i it
Lead

cardio | cardio ‘
n

I gram { gram
‘\ [}
{

Ample [ 6 3 6
tude , , | 1 l

MOB sigfies the medium open bell.

JVP smibies the jugdar venous pulse
The back duphragm 15 0015 1n thick
The bronm or dck drapheagm s 0035 In thick

additional record 1 position 7 (with the patient «itting), using a dtaphragm

chiest prece o tecard mote clearly a dasiolic murmur at the left sternal
border

If a two channel machine 15 beng used, the same system 1s followed, ex
cept that 115 not possible to record both a puke tracing and an electro
cardiogram simultaneously with the phonocardiogram, therefore, extra
tracings must be made This means that more film 15 used, but the two
channel mathme 15 easier to operate and, especially for children, the two
beams are casier to control than are the three beams of the tn benm machie
ANAASIS AND INTERPRETATION OF THE PIONOCARDIOGRAN

The ph dogram (Eve, 1)1s das {ollows

1 Finst, the individual heart sounds are described, noting therr mntensity
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Fig 1 (2R1S Log) Phonocardiagram of normal patient showing the @ ¢ and v waves
of the normal jugular venous pulse Nate the normal first sound (1) 0 08 sec after tho onset
of the Q wave the low intensity medium frequency rather late systolic murmur (SM) and
the second sound (2) split by 002 sec with the first or aortic component more prominent
than the second or pulmanic component The @ ¢ and v waves of the jugular venous pulse
are clearly shown

at vanious areas, any delay of the first heart sound relative to the QRS
complex, the degree, if any, of splitting of the first and second heart sounds,
varniations of heart sounds due to arthythnuas or other causes, the presence
or absence of the third or fourth heart sounds, any additional sounds, and
any other relevant features

2 Next, the systoic murmurs are described, noting their relative fre
quency and intensity, ind also the shape of the murmur (plateau, diamond,
descrescendo)

3 Then the diastolic murmurs, if any, are described, noting their relation
ship to the second, third, and first heart sounds Any unusual features in the
pulse wave or the apex cardiogram are also noted and described, and finally
a brief summary of the relevant features 1s made

Thus, there are two separate records of the patient’s heart sounds and
murmurs, the auscultation record and the phonocardiographic interpretation
Often a comparison of these helps to explain arrhythmias, rapid tachy
cardias, or exact timing of murmurs and gallops (see chapters 8 and 30)

It 15 1mportant to stress that a clinical diagnosis should not be made from
a phonocardiogram alone It 1s true that, just as one tends to recognize elec
trocardiographic patterns as being associated with certain chncal states
certamn phonocardiographic patterns are typical of specific clinical states
However, 1t must be emphasized that a phonocardiogram 1s purely 1n acces
sory method 1n cardiac examination, and only with this understanding can
the tracing be terpreted accurately

ArTEFACTS In the interpretation of phonocardiograms, particularly those
talen early In one’s experience or on patients who either will not or cannot

co operate, artefacts of various types will be encountered In this respect
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the phonocardiograph 1 inferior to human auscuitation The buman cortes
1s selective and, with espenience, léarns 1o roncentrie on certun sounds or
murmurs, of on certamn phases of the cardac eycle, excluding all extrancous
sounds The recording device on the othec hand, fecords all the sounds
within 1ts range of frequency , irespective of thewr ongim

\fost common among the artefacts encountered are the vibrations due to
tespiration In 2 small baby who 1s breathing rapdiy, and especially of 8¢ 1s
crying as well, 1t1s atmost smposable to take a readable phonocardogram
In dyspneic or tachypneic adults, the tracing may be aifficult to mtempret,
but, if sufiicrently long strips ol tracing are 1ahen, there ate usually enoush
ca dize cvcles free from artefacts to make an interpretation possible Breath
<ounds can be identfied easily on the phonocardiogram by thewr asynchron
tsm wuth the cardiac thythm and by one’s hoowledge of the patient's con
ditwn duning the recording

Muscular tremor 1n excited, tense or thyrotoic patients or in those with
certan neurologic disorders such as Parhinson s dicease, results m consid
erable trregularity of the baseline throughout systole and diasiole Lsually
this teregutanty 1s refiected in the electrocardiogram as &)\, und Aheselore,
can be easly dentified

Certain, additional sounds such as borborygm: or the rubbing of the
terarding mucrophone on the hair of the chest may introduce addisonal
vibrations These can be recogmized by the fact that they are not repeated
from one ¢ycle to another Since one Listens to the heart sounds while the

phonocardiogram 15 being recorded one should as an additional precaution
makhe a note of any adventitious sounds

ISEPORTANT CONTRIBUTIONS O CLINICAL ALSCLLTATION

1623 Harvey ® descrided (he first heart sound which he thought was due to the sheck
af the cardiac apex twam t the chest wall dutng systole

1879 Laennec ! having discorered the stethoscope made a serwes of brilhant obsersa
tons on marmurs 3 souated with <tenotic Je jons regurgitant le 1o

ns

fumuonal murmars o soled

182> Lejumeau de Kergaradec # descnbed fetal sounds and placental muemurs

1824 Cotlin ? described the friction rub assocrated with pencarditis

2’:;9 ;}:\\ums S descrved atriad sounds 8 cae of bradycardis

ope 11 described the murmur and thll as oot
ed with

Monary artery and pulmonsc Stenosis 1 diatavin of the pu-

;;; Comgan‘u described the Corngan pul e 10 free dortic regurgitation

el ‘Rnuamz‘ 2utnbuted the second sovnd 1o the do ure of the semlunar vals

Wilhams M differentiated between the diastalic murmuts { -

20rt seurgtagon of mural stenosis and

;;»;; !é;uﬂbud‘ desented 1nple and quadruple thythms

Ty o :rrel}a\ % desenbed a presystolic sound Boghts ¢ ea
el Y desenbed the presystohie muem: .
1867 Flnt 1% described a pre

ur of mitral stenoais
1877 Duroziez 19 descbed

¥5 ol muemur associated o
ath anttie regur,
Ffost ta ta Rou m mutral steno 55 PRUR ation
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1866 Potain ™ described normal splitting of the first and second heart sounds

1875 DPotan ! descnbed the gallop rhythms

1879 Roger 22 described the systoltc murmur tssociated with small ventncular septal
defects

1888  Steell 23 descnibed the pulmonic regurgitant murmur associated with hypertension
of the pulmenary artery

1888 Rouches 24 described the opemng snap of the nutral valve 1n mutral stenosts

1900 Gibson® described the continuous murmur of patency of the ductus arteriosus

1905 Obrastzow 20 and (in 1907) Gibson 7 and Hirschfelder,” all mdependently
described the third heart sound

1906 Straschesho ™ described the ‘brutt de ¢inon’ assocated with complete hiart
block

1923 Castex 30 described the sphitting of the first and second heart sounds 10 bundle
branch block
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2 / History of the Stethoscope

PRTSTETHOSCOPL FRA

Auscultation, a method of imvestigation of the functions and conditions
of the respiratory, circulatory, digestive, and other organs by the sounds
they themselves produce, or that are elicited by percussion, 1s one of the
most ancient modes of diagnosts From the classic passage in Hippocrates’
work, “de Morbis,” “If you listen by applying the ear to the chest,” we have
definite evidence that immediate auscultation was employed more than
twenty centuries ago

Harvey's dissertation, “de Motu Cordis,” gives convincing mformation
that the sounds of the heart had not escaped hum

It 1s easy to sce when a horse drinks that water 1s drawn in and passed through the

stomach with cach gulp the movement making a sound and the pulsation may be

heard and felt So 1t 1s with each movement of the heart when a portion of the blood

1s transferred from the vemns to the arteries that a pulse 1s made which m1y be

heard m the chest

Corvisart ! made the following observation

Some authors assert that they could hear 1 certam dneases of the heart the noise
produced by the violent strokes of this organ even at a small distance from the pa
tient s bed I have never had an opportunity I repeat it of ascertaining the unques
tronably rare obsersatrons 1 have barely heard these strokes by applying my ear close

ta the pattent s thorax

However, during the prestcthoscope era physicians dernived hittle benefit
from auscultation other than that of sensing the pulsations of the heart by

the mere apphcation of the band

THL LATNNIC STITHOSCOrL

“T was consulted,” says Laennec,

sn 1816 by a young woman who presented some general symptoms of disese of the
heart mn whose case the apphcation of the hand and percussion gave but <hight indica
tions on account of her corpulency On account of the age and sex of the patient
the commoan mades of exploration bewy mapplicable I was led to recollect 1 well
Lnown acoustie phenomenon namely if the car be applied to onc extremity of 2
beam a person can very distinetly hear the seratching of a pin at the other end 1
smagened this property of bodis mught be made usc of in the present case I took a
quire of paper which 1 rolled together as closely as possible and applhicd one end to
17
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the precordual seon by placing my ear at the other end 1 was agreeably <urpndcd at
hearing the pulsation of the heart much more clearly and dsnnctly than § had ever
been able to 4o by the immediate applicatian of the eat

Y.aennec expenmented further with bis fube and fnally evohed the wm
strament Lnown as the “stethoscope ”

Thys const ts sumply of a eylinder of wood a foot 1n length perforated in s center
Tongnudinaity by 3 boxe three lnes * 1n duarseter and formed so as to come apart n
the mddle for the benefi of bemg more easly carned One extrermaty of tre cyhinder
15 hotlowed out into the form of a funnel ta the depth of an inch and a half which
canty can be obinterated au pleasure by 2 piece of wood a constructed as to fit 3t
exactly with the exception of the central bore which 1s continued throughout 1t o as
10 tender the instrument 1n all ca es 3 penvious tube The comple € in trument that
15 with the funnel shaped plug infixed 15 used 1n exploning the sEns obtamed thiou b
the medirn of the \owce and the action of the heart the other modification or with
the stopper removed o for the <ounds d by resp

olid cylinder without any perforation 35 the best wnstrument for exploning the ac
gon of the heart but as this form 1s not o good for examnimg the vowce and
resprzation the pesforated cylinder 15 commonly u ed for all purposes

Having deseloped a suitable stethoscope, Taennec undertaok his epoch
mahing observahions

T commenced immediately 2t the haspital \ecker 3 cour ¢ of cbeenations which
have tesulted 1n the discovers of new igns  ure for the most part obviou essy to
be pos ¢ sed of and smtable to render the diagnosis of almost all disea.es of the
lungs the pleurss and the beart more cestain ard perhaps mote Greumstantial

:\an c;en the surgical dia 0o tic igms establl hed by the ad of the probe or the
nger

Proery * in 1826 modified the Laennec stethoscope by reducing it to the
thickness of a finger He constructed an ear prece which overcame the diffy
culties expenenced by <ome phy sictans 1n obtaining a proper seal to the ear
Prorry s modification meluded a trumpet shaped chest piece Essenually, s

15 the modern ] stethoscape '
C ] B Willams® a student of Taennec’s further modified Piorry’s

stethoscope by reducing the sha
rp nim of the chest piece and makang th
miece movable 1o facilitate auscultation above : N

the clavicle an
Manv years later it wa, observed that 1t was not necessg;wtiura\e a
stethoscope with 2 rigid wall such as the Lacnaec, Piotry, or the W ithams
:ypes and that the sounds conld be heard equally well with an Tndia rubber
ube As 2 result the monaural flevible stethoscope came nto existence

THF BINAURAL STETHOSCOPE

Ti

s i;: ;xact date of the first binaural stethoscope 15 not hnown several
Ple have been credited with this imventian In1907,C T W \ll’mms“ m
Al equalto 3 part of an wch ,
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a lecture delivered before the Medical Department of the Umversity of
Oxford, brought to light some rather interesting listorical information per
taiming to the binqural stethoscope Hc stated, “The late Dr Leared claimed
to have invented the double stethoscope 1n 1851 1 present for your mspec
tion a curious specimen of a binaural stethoscope which my father con
structed 1n 1829, and which 15 probably the first binaural stethoscope ever
made " The C J B Williams binaural stethoscope consisted of a trumpet
shaped chest prece of mahogany, the end of which was screwed 1nto a con
nection to which were attached two bent lead tubes which could be adjusted
to the ears The lead tubes hd no ear preces or fittings of any hind and were
difficult to apply At the time the C J B Willams binaural stethoscope was
devised, Indin rubber tubing had not been introduced
At the Internationl Ixhibition of 1851, Leared? showed a binwural
stethoscope which he claimed to be an improvement over the monaural
stethoscope It consisted of two guttapercha tubes attached to the chest
piece at one extremity and to the ear pieces 1t the other These tubes, being
drawn apart and apphed to the ears, were Lept m plice by their own
elasticity
In 1852 Cammann® modified the Leared binaural stethoscope, by m
proving the ear preces and by making 1t Lighter in weight and more con
venient for carrying Snelling ® attached 1 nim of soft rubber to the chest
piece and claimed that 1t was easier to apply since 1t conformed to the
unevenness of the chest
It was not until the mvention of the ditphragm chest piece with 1 ngid
covering over the end of the collecting part that a sigmficant modification
of the older bell type was developed Marsh,'® mn 1851, patented 4 stetho
scope with 1 fleuible membrane stretched over the end, but the phonendo
scope devised by Bianchi,' in 1894, was the first instrument to have 1 ngid
diaphragm The chest piece of this type, which 1s 1n common use n this
country at the present time, 1s the one patented by R C M Bowles!
1901 The diaphragm chest piece attenuates the low pitched heart sounds
relative to the ligher pitched murmurs such as are characteristically heard
1n the presence of slight 1ortic regurgitation, 1llowing the murmur to be
heard more easily
In 1926, one of us (Sprague) ** described a combinition diphragm 1nd
Dell chest picce with an ad)ustable valve for selecting the desired chest prece
About the same time Rieger 1 patented a stmular stethoscope Robertson
and Landouzy ¥ devised multiple stethoscopes by connecting 1 number of
binaural tubes to one sound collector These mstruments were useful for
teaching and group Listemng
Tt would seem to be agreed At the present time that the bell chest prece
aad the diaphragm chest prece cn satisfactonly cover the acoustic ranges
necessary for climeal exanunation of the heart Howeser, the deyvelopment
of modern electromc amphifying systems with therr freedom from back
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graund nose, has opened a new field for the graphic registration of heart
sounds and murmurs, as well as respiratary sounds, which may well modify
our chinscal opinien 1n the future
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3 / Charactenstics of the Human Ear i Auscultahon

In auscultation, the human ear may be considered as the recording mecha
nism of an acoustic system Arnold,! i his mtroduction to Fletcher's
“Speech and Hearmg,”? which 15 considered one of the best treatises on
the subject from a physical standpoint, states

Our ears are only machmes to transhate air waves 1to a form suted to stimulate
the auditory nerve, and as machines we may measure and describe them 1n the same
terms that apply to devices we oursclves construct We may compare them as to
performance and may accommodate ovr devices to ther requirements But to under
stand the mechamsm of the ear 1s by no means to understand the act of heanng for
we have not heard until the bram has percened the message sent by the auditory
nerve Ve cannot explain in precise mechanical terms hon this is done ner indeed
have we any clear comprehension of the process at present Some important factors
relating to the process of hearing we can however determine by measuning the least
changes m sound which can be detected under a vanety of conditions of pitch loud
ness and accompanying noice Thus we may obtan a quantitative means of compar
g mdividuals 1n this respect and ¢stablish a standard of asverage hearng

THE ORIGIN AND PROPAGATION OT SOUND

When a vibratory motion 1s allowed to communicate with the ears, audt
tory sensitions may be produced Auditory stimulation i1s most commonly
produced by sound waves n air, although other mediums such as water can
produce similar effects If, for example, an object 15 set mnto a to and fro
or simple harmonic motion 1n an elastic medum such as air, the physical
movement of the object produces a compresston n adjacent air on one side
and a rarefaction on the other The molecules of air n the compressed region
are 1mm€dnalely propelled toward neighboning molecules, which n turn
transmit pressure mmpulses to more remote molecules, and so on In this
way a pressure 1mpulse moves away from the vibrating object at a defimite
speed When the vibrating object retreats, it draws the newrby molecules of
air toward 1t, producing a partial vacuum which 1s immediately filled by
molecules further removed In this manner a rarefaction mmpulse 1s pro
duced, which travels in the opposite direction and at the same speed as the
pressure impulse

A given molecule of air 1n the path of the alternating pressure and rare
faction impulses or waves undergoes a to and fro or simple harmonic motion
which simulates the vibratory motion of the object but shows a temporal

16
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fag which grows progressi ely greater with distance Although the pressure
impulse propagates away from the vibrating object at a definite speed, the
molecules of atr do not travel with the pressure impulse Furthermore, since
the alternating pressure mmpulses spread as they tray ¢l anay from the source
of exeitation they weaken as the dhstance is ncreased

A phenomenon which 15 often used as an analogy to the action of sound
waves occurs when a stone 1s dropped 1nto a smooth pond Water 1s casnied
down by the stone and a disturbance 1s propagated through the water
the form of a wave which travels 10 all directions at a definite veloats. How
eser, the molecules of water do not travel with the wases, as may be mds
cated by corks boblung 1n a pool There 1s & significant dufference between
this type of wave motion and that of sound The molecules of water vibrate
up and down 1n a direction which 15 transverse to the direction of wave
travel, rather than back and forth along the wave path as occurs when an
object vibrates in ar The surface water wave 15 classified as a trans erse
wave and 2 sound wave as a Jongitudimal wave

GRAPHIC RFPRFSENTATION OF WAVES

The charactenwstic properties of a transverse water surface wave may be
graphically repre<ented by drawing, a cross sectional siew The graphie rep
resentation of 2 longitudinal wave 1s more complex as the magnitudes of the
alternating compressed and rarefied molecules of the stimulated medium
cannot be adequately shown 1 cross sectional views In sound work, we
rznu’;t abandon pictonal tepresentation and substitute a graph such as ﬁ’gurc
umeh;: :m,l,],h represents the pressure varatons of the age over a peniod of

iy axg en point which 1s at a distance from the vibrating object

15 of ordinates of figure 2, represents the air pressure, which 1s

PRESSURE
WAVE

TIME IN SECONDS

PRESSURE

-]
Fi
3 2 A phwh ok iy symbol ¢ of & sound wave 1n .
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usually expressed 1n dynes * per square centimeter or mucrobars, and the
axs of abscissas indicites time m seconds The maximum amphtude of the
wave as 1t deviates from the horizontal as 1s 1 measurement of the amount
the ar 15 compressed or rarefied at the fixed reference pomt An upward
deviatton or peak of the pressure wave represents compression and a nega
tive dip or trough represents rarefaction, where the wave crosses the hon
zontal axis, the medium 1s 1n an undisturbed or normal state The greater
the magnrtude of compression and rarefaction of the -ur, the greater 1s the
pressure that would be applied to the tympanum of the ear and the greater
would be the perceived loudness

The graph also shows that in this case the wur at the reference location
undergoes pressure vanations in a simple harmonic pattern, or stuusodally,
and that pomnts a to 1 represent different phases of compression or rare
faction Points a and m differ by 27 radians t or 360 degrees, ponts a and

d by Tzf rachans or 90 degrees, 'nd points 2 and g by = ridians or 180 de

grees Points a and m are m the same phase of excitation of the pressure
wave and the distance between them 1s a wave length

\/\V:}!E IRIQUENCY

The frequency of the wave 1s the number of complete waves or cycles,
such as 1s measured mn figure 2 from 2 to m, d to n, or g to o, which pass
the reference location 1n one second Thus, the frequency of a wave s gen
erally expressed m cycles per second The audstory sensation of El’ch de
pends on the frequency of the wave, the higher_the frequency, the higher
1s the pitch All sounds do not_possess pitch, as 1s evident from llstening (o
everyday sounds of the street Pitch requires that a number of successive
cycles of the same frequency be repeated Regulanty or repetition of suc
cessive cycles makes the wave a perodic one Pertodic waves are generated
by such devices 1s tuming_ forhs and musical nstruments, whereas non
periodic waves, or noises, 1re produced by the rustle of lesves in the wind
the jangle of keys, or the noise of a typewnter

WAVE VELOCITY

The velocity of a wave 15 defined as the rate with which a particular phase
of pressure moves along If n pressure waves pass a pomnt m one second,
and each has a wave length of A the veloaity or distance triversed by the

wave 1 one second 18
v ni (1)

# A dyne 1s 2 measurement of pressurc  9%0 dynes are equal o one gram One dyne per

equal to one mucrabac

re centimeter 15
st Iength 1s equal to the radws of the arcle of which 1t 13 2 part

+ A radian 1s an arc whose
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The veloaty at which 1 compressional wave pmpagztcs dcpf:;]sth(:: :::
Newton 1n 1686 sugges!
fastioity and density of the medium D
L\elmt; +, of 2 ware of compresstan or expansion tn 1 medium of \;hlch the
,
alume elasticity 15 E and the density d 15 expressed by the formula

ve ]k )

According to Newton s formula, the velocity of a compressional \\-:m:‘de
pends directly on the square root of the elasticity of the medwm and sn
versely on the square Toot of sts densiy Therefore, the veloaty of 2
compressional wave 1 greater in 3 medium of low density and high elasticuty
In gases at constant temperature the elasticity 15 equal to the gas pressure
1f the pressure change 1 extremely small However, Newton observed that
\f pressure was substituted for elasticity 1n formula 2, the calculated
veloaity was about twenty per cent loner than the measured value Newton
sought to account for this discrepancy by a number of ingenious suppositions
which were physically unjusufied but hus formula 15 vald for hquids and
sohds

1t was not until 1816, one hundred and thirty years later, that Laplace ®
dbserved the error i Newton s formula and corrected 1t Laplace suggested
it although the average temperature of air 35 unchanged by the passage
of sound waves, yet, 1 the compressed portion of 2 wave the awr 15 nstan
taneously heated and during rarefaction the aie 1s 1nstantaneously cooled
These temperature changes take place so rapidly that there 15 not sufficient
tume for heat flow to take place and for all practical purposes, an adiabatic
condition exists Instantaneous heating durmg compression resists compres
sion and instantancous cooling resists evpanston, and as a result, the effec
tve elasticity 15 1ncreased by a factor of v, Which 15 the specific heat of the
£3s at constant pressure to that at constant volume ‘To determine the veloc
1ty of sound 1n diastomie gases such as aw in which y s 14, formula 2

becomes
=)

where p 1s the pressute The veloaity of sound m common mediums 15 gnen
m table 2

©)

WAVE FORM
TI;e \}\;aye form of figure 2 15 the simplest form of vibration produced by
:Lnfel\armomc motion, which physiists and mathematicians call a swne
“me ; Wibration of sumple harmonie motion, such as 1s produced by a
wm\:gi ok, t;‘ea;les pressure waves i air of a smusordal configuration or
om which 15 percenved by an obse
v TveT as an unmusical soynd
teal sounds of artous mstruments are assotiated with charactenistic



20 HEART SOUNDS AND MURMURS
TABLE 2

THF VELOCITY OF SOUND I\ COMMON MEDIUAS

eters Feet
Medim Per Second  Per Second

Awrato C 331 1087
Hydrogen at 0° C 1,286 4219
Carbon Dioxide at 0° C 261 856
Water at 13° C 1441 4728
Brass rod 3,600 11800
TIron rod 4,950 16 240
Steel rod 5000 16 410
Pine wood along the gram 3,300 10830

wave forms which can be differentiated readily by oscillographic means or
hearing

Figure 3A 1s a sinusordal pressure wave in air, which was produced by the
vibration of a tuming fork Figure 3B 15 the charactenstic wave form of a
violin producing a note of exactly the same frequency and amphtude as the

tuning fork, which 1s heard as a sound with a musical quality and 1s eastly
identified by both oscillographmc means and hearing Figure 3C 15 the charac

/
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Fg 3 Wave forms of squal frequency but diferent configuration as obtained from A o
tuning fork B the visln C an obos D the bass flute and E the claninet
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tenstic wave form of an oboe figure 3D 15 @ bass flute, and figure ;E "‘f a
farinet at the same frequency and amphiude 25 the tunng fork and violin
cr%am bass flute, and clannet produce distinct musical sensations \ol;he
ear as does the violin, and one instrument can he differentiated from anather

ng or wave form observation

h}mi;gmpm wave forms such as are produced by several musxc‘:)x\
instruments plaving together or esen those of a symphomc orchestra may be
represented graptucally The wase form of the most complex combination
of sounds 15 a single e graph such as those of figure 3 Thus, the single
tie osciffogram of the symphonic orchestra, besides gving evact tnforma
tana to the mstantanequs pressure state of the air, may also be considered
as represenuing the instantaneous di placement of the tympanums of the
ears because of the applied air pressure No matter how many nstruments
are generating sound pressure i the air, the tympanume of the ears can be
1 only one position at any particular mstant Since we are capable of dis
ungushing many mstrumental sounds at one time, the complex «ingle hne
wate form must represent the combination of counds produced by the
orchestra

From fgure 3 1t 1s apparent that musical nstruments vibrate i complex
ways 1 additton to vibrating at the frequency which corresponds to the
musical note on the score the nstrument vibrates at many hgher frequen
ctes The basic frequency as tndicated by the score 1s called the fundamental
fregaency and the gher frequencies are called the otertones Mt 15 the
D“{mﬂﬂaf combination of the | fundamental and higher frequencies, in_num

ber land and relatne amplitude, that determines and distinpuishes the
wave form of that pafticalar Tnstrument T

In most musical anstruments the {requencies of the overtones are mul
uples of the fundamental frequency these oy ertones_are.commonly hnown
as harmomcs 11 the fundamental tone or {requency 15 A above middle C
whuch 15 440 ¢y cles per second, the second harmome 1s 880 cycles per second
the third harmomie 15 1 370 cycles per second, the fourth harmome 15 1,760
cycles per second and sa forth '

Not all nusical snstruments have overtones that are harmonic Strike
tones such as are produced by the bass drum cymbals triangle and other
bercussion wistruments produce overtones that are not harmome and the
unrelated frequencies do not produce a sensation o
f;z;s!]ral mstruments have weal, and even Tes

¢ lowest <trings of the prano fall into this categor e 5,
tdentify all of these mstruments by therr frequerfcyryst:xc‘t::teh::l\ei\’ ::c:l:? ,
gram or by heaning A rather interesting phenamenan s the well hnown § oz
:P;Ztm\;:endlgnes ir%m xgslrumen!s suck as the double bass or organ :;

et Py small radios or phonagraphs which cannat re.
NS spand to the
- ;:x:ggcl:‘;‘txemals, the mstruments can still be recogmzed from

f one pitch Other ar
i ;

Aihte £,
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WAVE FORM ANALYSIS

Von Helmholz * showed that a complex sound can be analyzed He con
structed a set of hollow spheres, each of which resonated to a different fre
quency When a complex sound was allowed to communicate with the
resonators, certain of the resonators were activated By noting which resona
tors responded and to what extent, Von Helmholz was able to show that a
complex wave form consists of a summation of sinusordal waves of different
frequencies and magmitudes By setting up a series of tuming forks, each
producing a smusoidal wave such as was present n the complex wave, the
complex wave form could be synthesized

There are mstruments now available, known as harmomnic analyzers, which
can evaluate the complete structure of the most complex wave form The
general principle of operation of a harmonic analyzer 1s to convert the sound
wave 1nto an equivalent electrical wave by microphone and amplifier tech
nics The equivalent electrical wave form 1s then passed through tuned or
electrically resonant electrical circurts The electrical components which
pass through each tuned circuit and the voltage magmitude, as measured
with a voltmeter, give the desired parameters of the sinusoidal components
of the complex wave form Fourter’s theorem 1n mathematical physics ex
presses a complex wave form by stating that any peniodic wave with a
fundamental frequency, n, can be reduced to a set of simple harmonic fre
quencies whose frequencies are n, 2n, 3n, 4n, 5n, and so forth Actual mathe
matical expressions can be formulated to represent the most complex wave
forms on the basts of Fourier’s theorem

THE MUSICAL PITCH INTI'RVAL

The Leyboard of a piano 1s divided evenly as far as pitch 1s concerned
The same apparent increase m prtch 1s produced by gomg from nuddle C
to the next igher C, then to the following C, and so on, or from C to D to
E The mustcal mnterval from C to C1s called an octave, whereas the mntersal
from C to D, or D to E, 1s called a whole tone The nterval from C to C
sharp 1s known as a half tone

These apparently even divisions on the mano heyboard do not correspond
to even divisions 1n frequency As the musical pitch 15 incre1sed octave by
octave, equal increments of cycles per second are not added but, mstead
the frequency 1s doubled If we take 440 cycles per second as 1 reference
one octave up 1s 880 cycles per second two octayves up 1s not 880 plus 440
or 1,320 cycles per second, but 880 multiphed by 2 or 1,760 cycles per
second A musical interval thus represents a geometric ratio of frequency
and not 1 given number of cycles An octave 1t the lower end of the prno
Leyboard may cover a frequency spread of only 27 5 cycles per second,
while an octave at the upper end of the keyboard m1y have 2 frequency
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epread of 2,093 cycles per second The range of musical pitch for an mu;r:'}'.]\l
of ane actave at both ends of the prno heyboard 1 the sawme i spite ;: N e
marked dufference n the frequency «pread because this iy the w1y the hu
man auditory mechamsm percesves sound ‘/

THF DECIBEL

The human anditory mechamsm 1s capable of functiomng, over an enor
mous range of sound pressure or sound energy \anauons To express this
property of hearing in quantitative terms of pressure OF encrgy would 1¢
quite the e of numbers of such magrutude that their anthmetical manipy
lation and visualization might be rather difficult The commumcations
engmeer was confronted with this problem and overcame it by emplaying
the decbel system of measurement which 15 based on a loganthmic charac
tersstic of human heanng and 1s handled similarly 1o the musical pitch i
terval on the prano heyboard ‘The decibel 15 2 unit of 13li0, 2535 the musical_
prtch waterval, except that the decibel refers to sound pressure or sound
power and the basic mampulation factor 1n the decibel svstem 1s 10 rather
than}

The bel which 15 named after the smyentor of the telephone 15 essentially
a loganthme unit, or the common loganthm of the ratio of 1wo values of
energy, but can also be apphed to two sound pressures, two currents, or
two voltages, which are related to energy by a square law  The decibel, as
the term dscates 15 one tenth of the bel The number of decibels in the
ratso of two sound pressures 1s 20 umes the Jogarthm of the ratio If we let

N equal the number of deaibels, E, and E  the energies and Py and P the
pressutes then

\zxoxogi"=znlog§_ )

In the dectbel scale relative sound intensities are always expressed
terms of differences i decibels never as a ratto of deabels or a percentage
change 0 decibels From the defimtion of the decibel one deaibel may rep
Tesent 3 sound pressure ratio equal 1o the twentteth root of 10, ot a ratio of
L1210 1 That s, two sounds which differ by one decibel ha:.e therr pres

sufes 1 the rato of 112 to 1 Simlarly two sounds which differ by 20
t:ecnbela have their pressures 1n the ratio of the twentieth power of 112, or
(0 to lmlfla sou:;i pressure level g doubled, the change 1n decibels 15 lwe,nly
1mes the loganthm of 2, which 1s 6 decibely Thy
s, doubling a given soung
pressure always increases by 6§ decsbels th :
he valos of toe o e > the ouginal level, no matter what
Charactenstic of human heann,
315 that equal \
. g t equal vanations of sound intensit
Z r0;103'.( :ﬂleosg.mthmm or decthel scale ﬁppmxxmmﬁ'ﬂy equal va;)a!_x%n);
S as they are percened by 2 normal human auditory ;txecbanxsm
— L T7an audvloty mechamsm
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Also, a one decibel vanation 1n intensity of sound 1s approuimately the
nummum change that may be detected by the average human beng

In order to obtain a better conception of the relative values 1n a decibel
scale, let us consider table 3 In the application of the decibel scale to the
measurement of the intensity of sound, a reference point, such as the thresh
old of hearing, 15 commonly employed Table 3 lsts the average decibel

TABLE 3

AVERACE DECIBEL EQUIVALENTS ABOVE THE YEARING THRESHOLD OF
VARIOUS SOURCES OF \OISE

(Survey by New Y ork City Nosse Abatement Commssion)

Distance from Aotse Level
Sonrce Notse Lerel { \mphtnde

Source of Description of Aoise (Feet) ( Decibels) Ratios)
Threshold of patn 130 3162 000
Hammer blows on steel plate 2 114 501 200
(almost pamful)
Ruveter 33 97 70790
Elevated train 15 20 90 31620
Average motor trucLJ 1520 75 5620
Busy street traffic 1573 68 2512
Average automobile 15 50 66 1995
Ordinry conversation 3 65 1778
Rather quiet street (residential) 15 300 58 1940
Quiet automohlev 15 50 50v 3162
Average office 44 2239
Noisy residence 45 1778
Very quiet radio 1n home 40 1000
Average residence 32 398
Average whisper 4 20% 100
Rustle of leaves 1n gentle breeze 10 31
Threshold of hearing 4] 10

equivalents above the hearing threshold of various sources of noise The
nstantaneous values may vary plus or minus 10 decibels from the values
given The first three columns were obtamed in a survey by the New York
City Noise Abatement Commussion The fourth column was added by us to
illustrate the enormous range 1n intensity, m more fanuliar terms, that
exists between the threshold of hearing and the threshold of pain Column
four 15 merely an expression of column three, converted mto equnalent
Intensity ratios, with the threshold of hearing as the reference value

EARDRUM OR TYMPANUM MOVEMENT AT THRESHOLD

In 1935, Wilsha succeeded 1n measuring the magmtude of movement
of the eardrum at the threshold of audibihity for various frequencies of
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surmilapon The problem of measurement was dificult because of the tx
tremely small mechamical movements imohed Wil La used n ocaiivtor
amen ectrodynanne mechansm analar to that used n loud speakers,
which was ngidhy attached to the head of the subject A uny probe was
allowed to communicate between the moving cail of the electrodynanuc
transducer and the eardrum By measunng with a nucroscope the amount
the probe moved for 3 known amount of current 1n the transducer coil,
Wilsha nas able 1o express the magmtude of probe movement at various
frequencies It was further established that the probe moved 1t direct pro
pottion to the magmtude of cusrent from the osollator dovn to displace
ments equnalent 1o Jess than one thousandth of a nave Jength of hght Thus,
by measuning the flon of cusrent m the conl, the corresponding movement
of the eardrum was esaluated at the threshald of heanmng for different fre
quenctes ‘The results of VWilska s measurements are shown in figure 4 At
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tions which ascertamed the actual intensity of sound at the threshold of
audibility were made by Fletcher,? Toepler and Boltzman,® Ravleigh
Wead,® Wern,” Abrahim," and Kranz ' Wegel ™ investigated the mtensxt;r
of sound at the threshold of feeling
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Fig 5 Average normal threshold curves of audibibty and feeling (Modified from Flatcher
by Reppaport and Sprague )

The curves mn figure 5 represent average thresholds of feeling and audt
bihity obtained by Fletcher - The threshold of audibility curve represents the
effective or root mean square * pressure variations n dynes per square
centimeter which are required to produce a sound of mimmum audibility
between the frequency limits of approximately 20 and 20,000 cycles per
second The threshold of feeling curve represents the pressure vanations
beyond which a sensation of pain 1s created The area enclosed by the upper
and lower curves represents the auditory sensation area The threshold
curves of any one person would not be so smooth (peaks and valleys tre
supenimposed), for two sets of ears are seldom tdentical The broken por
tions of the feeling and audibility curves are obtamned by extrapolation,
which 1s necessary because the phenomena are not clearly defined n these
regions The shaded area represents the cardiovascular auscultation region

pitaliatlvia o
with which we are concerned

*The effective or root mean square pressure of a sinusoidal pressure wave 12 equal to 0 707
times the maximum or peak pressure attaned by the wave If the wave 1s made up of a funda
mental and harmonics the effective value of the complex wave 1s the square root of the sum of
the squares of the effective vatues of the fundamental wave and all the harmonic waves In alter
nating voltage measurements most voltmeters unless they are callid peak voltmeters measure
the root mean square voltage and not the peak voltage



b2}
CHARACTERSTICS OF THE HUMAN EAR I AUSCULTATION

By relaung figures 4 and 5, 1t 15 posmble to evaleate the refationship
y m tude of eardrum vibration and the number of dynes per
et e . { sound pressure needed to produce threshold auditory
s centtin;f!et‘?m:e\ «:xa“ amount of acoustic preseure necessary to
sensaon ht em,\d :er{salmn of sound bungs up an interesting, question
g:ogmu\cvehgl‘:e(r :}f: Timiting factot in the heanng of mimmal level <cunds hes
1n the anatomy and physiology of heanng 1214 or 1 the physical properties
smtting wedum

o Iat“:s k:;\r\:nmat t‘ni motecules of T are 1 constant sandom masement
or agitation which s Telated 10 temperature This phenomenon, f.nown as the
Browman mosement, produces 3 speeirum of thermal acoustic naise con:’
prising multitodmous unrelated frequencies In 1923, Spaan and White
expenmentally evaluated the pressure magmindes of these thermal sounds
betneen 1 000 and 6000 cy cles per <econd They observed that thraughout
the measured spectrum the Todt mean sguare thermal notse pressure was
about 86 detbels below one dyne per squate centimeter The muumum
root mean square pressure that can produce audible sensation between 1,000
and 6 000 cycles per second m a human being with normal average hearnng
15 about 76 decibels below one dyne per squate centimeter, but 1 <ome
peaple with exceptionally acute beanng the value may approach 85 These
figures sndicate that the acuity of persons poscessing a hugh sensitinty of
heaung closely appraaches the thermal nowe level, and a particularly goad
auditory system actually does approach thus level Stian and White s meas
uretients ndicate that even 1a the presence of greater audiory semsitunty
m the spectrum betseen 1,000 and 6,000 cycles per secand, the thermal
015010 the air would hmit the possible henefits Furthermaore, 1t 15 not kel
that ammals possess greater acmty of heanng n this spectrum, as their
hearing would al o be himited by the thermal noises

In 1929 Bunch ' classified andorams for a large number of persons
according to age groups Bunchs data are shown graphically 1n figure 6
The ordinates tepresent the hearing loss, 1n decbels 1 relation to the acuity
of hearing of the 20 year old age graup winch 1s taken as zero decibels
The abscissas indicate the Srequency of the apphed tone Bunch’s data
<haw that as one ages the acity of Fearing m the Jow frequency spectrum

(up to about 500 cycles per second) s ffected to a small degree and that
it becomes progressiy €ly poorer with age as the frequency ss increased above
500 cycles per second

Another series of audiog, was obtaned by Montgomery ' from per
SOns Yanging n age from 20 to 60 years Montgomery s data confirmed
Bunch s observations howeser Bunch did not abserve as marked 1 reduc
ton wn the higher frequencies with advancing age Montgomery s dat
showed that the average dificrence between (he bearing of persnrn)s m tha
thurd and the sxth decades 15 approvimately 7 decibels at 2,048 cycl ¥
second and 23 decthels st § 197 cycles per <econd ' Y per
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Fig & Average audiagrams of persons at different age levels obfained by Bunch 1

Audiometric tests were made on approximately 500,000 wvisitors to the
Bell Sy stems Exhibits at the New Yorh and the San Francisco World Fairs '
The test frequencies were 440, 880, 1760, 3520, and 7,040 cycles per second
It was apparent from these large scale tests that hearing acuity defimtely
diminishes with age as the frequency 1s mncreased beyond 1,000 cycles per
second The average figures are closer to those of Bunch than to those ob
tained by Montgomery However, all of the tests show conclusively that a
fortunate auscultatory condition exsts for the average older physician, as
cardiovascular and respiratory sound components of value are below 1,000
cycles per second 1n frequency

MINIMUM DISCERNIBLE CHANGES IN INTEASITY
AND FREQUENCY

A law 1n psychology, known as the Weber Fechner law, states that the
increase 1n stimulus required to produce a discernmble wncrease in sensation
maintains a ratio which 1s constant to the total stimulus Another way of
stating the Weber Fechner law 1s that the magmtude of the produced sensa
tion 15 proportional to the logarithm of the stimulus YWhen the Weber
Fechner law 1s applied to hearing, 1t may be stated that a barely perceptible
increase mn intensity of sound, as detected by the human ear, should exhibrt
1tself as a constant which 1s independent of the sound intensity

Knudson ¥ should be credited with the first accurate determunation of
the mimmum perceptible vanations in intensity between the frequency hmts
of 100 and 4,000 cycles per second Fletcher, by a modification of the test
ng procedure, extended the frequency spectrum between the hmits of 35
and 10,000 cycles per second Knudson and Fletcher observed some vara
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twon 1n the V) eber Fechner 1aw, as applied to heating, n that the asverage
ear was MOst SENsithie 1o VanInons 1M ntensity 7t sensatton Jey cls above
50 decbels and partcularly did thes hotd true 1 the mddle of the fre
quency spectrum An nfensity \anation of > to 10 per cent could be de
tected for sound levels above 50 decibels at approvimately 2,000 cycles pes
secand At the lower sound levels, and even more 50 at the extreme ends of
the frequency spectrum, 3 decrdedly greater percentage vanationan mtensity
w43 requured to produce 2 perceptible change As a comparative tllustration,
1t was {ound that a 70 pet cent varation 1n intensity #as necessary at 2,000
cycles prt second 1n order to produce the mmmum perceptible change when
the sound fevel was down to 10 dectbels

In avsealtation this characterstsie of human heanng 15 an extremely
mportant factor since the intenaity Yevel 13 most often 10 denibels or less,
m additon the frequency spettrum which 1s mvolved 15 2t the loner ex
treme As an ilustration, at a frequency of 60 cycles per second a vanauion
af 20 pet cent 15 Just perceptible when the sound level 15 20 decibels, and a
vanation of as much as 200 to 300 per cent 1s necessary at the tensity
level of 10 dectbels

The hurpan_hearing mechamem 15 3 far_better detector of changes
frequency than st 15 of changes m mtensity  Shower and Biddulph ™ as
well BS KHIds0n T Fade EXEmne v eatigations 1o the
perceptible frequency changes at the vataus sensation levels They found
that a hugher sensation level of <ound requmired less of a frequency change
for mammum perceptibiity. Abo the ear was found to be less sensitnve to
frequency sanations as the lower end of the frequency spectrum was ap
proached Between 500 and 4 000 ¢y cles per second, the mmmum percepti
ble fracnional difference 1 frequency 15 03 per cent at a sensation fe.el *
of 40 deabels At 54 cycles per second the mmmum perceptible fractional
difference i frequency 1s of the order of 1 1 per cent at 128 cycles per
second it 1> 06 per cent and at 256 cycles per <econd, 1t 15 04 per cent

ALDITORY LOUDNESS \FRSUS STIMULATION

¢ It 15 obvious that as the magmtude of the pressure wave nhich s pro
Cncmgdaugnury sensations 1s ancreased the percerved loudness 15 also in
rease awever, 3t 15 most difticult to

esaluate accurately the ex:
relationship between increase m sound pressure and ncrease tn pcrtel\a:dl
blem has been 2 real challenge to psy chophy sicists, who

subjective approaches One
procedure T
subject under test observe a tane at twe levels of i, vty e

method wses a tone ay !
2 chasen Ievel, and the
subject under test
* The seusation devel 1s o

& number of de
bty for 8 partntas W o cibels the Yesel of a tane 15 ahove its thredold of
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a control to vary the loudness by a designated amount such as onc half of
the ongmal value Other methods require special assumptions, as for ex
ample, the wndication of the midpoint of loudness between two tones, the
balancing of one tone agamnst the combination of two or more, the equating
of a tone applied to one ear to the same tone applied to both ears
Fletcher and Munson ! and Churcher,” using these various subjective
methods, worked out a mean relationship between loudness and exatation
pressures above threshold, which 1s graphically shown n figure 7 These
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Fig 7 Percewed loudness in relation fo the magnituds of the shimulus The arbitrary unit of
loudness 1s denved by assuming that a fone with an mtenuity of 100 decibels above threshold
has a loudness of 100 units

curves, although possibly somewhat crude because of the difficulty of ex
pressing percetved sensation 1n exact numbers, may be used for approx
mate evaluations They mdicate that a given logarithmic change 1n intensity
1s more effective at igher than at lower levels This means that an increase
of one decibel 1n the level of an intense tone appears to add more to the
percewved loudness than an increase of the same amount 1 & weah tone
The data of Iletcher and Munson and that of Churcher are not quite i
accord with the Weber Fechner law (see p 28) If the curves of figure 7
conformed to this law, they would be straight hnes Actually, figure 7 1n
dicates that 1n auscultation the relationship 1s intermediate between linear
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and logarthme & himear cusse which would fit at low mtensity levels would
nse too tapidly at the tugher wtensities a loganthmic curse that fits at
the lower mtensities would not tise at a suficiently rapid rate at the higher
mtenstties Expenmental evidence 1> avaifable which shows that the mnten
stty function for cochlear response 15 linear up to the region of overloading,
1t would appear therefore that the effect of nonlineanty anses in the acous
tic nenve M

AUNIVMAL TONAL TERCFPTION TIME

Another important measurement pertainng to auscultation 15 the mm
mum amount Ww
Stewatt’s ™ *uncertamnty prnciple’ states that the abiity of the ear 1o
recogmze a tone of bnef duration decreases as the duration decreases
Stewart expressed fus principle mathematically by saying that the duration
of the tone multiphed by the number of cycles of uncertainty 1n ascertamning
the pitch of the signal equals umty It naturally follows from this expression
that, 1 the Toner frequency spectrum such as 15 encountered 10 ausculta
tion, the frequency may be vaned rapidlv over a considerable portion of an
octave without detection by the auditory mechanism This phenomenon
may be illustrated 1f a vibrato with a frequency of 60 cycles per second 15
vaned by two semitones at a rate of seven times per second, the vanation

cannot be detected by the ear Table 4 presents some probable values as
regards tonal perception time

TABLE 4

SOMF PROBABILITY TIMES IN TONAL PERCEPTION TIME

Cycles Weak Tones Wedium Tones

Per Time \umber of kt

e Sumber of

Second (Seconds) Cycles (Seconds) Cycles d

128 00946 121

356

00690y 1

384 0062 1R DOy 1' 61

B 12 005 9 2964 0042,4 ns

From Fletcher H o

MASKRING EFFECTS

Exeryone has noted that m a nossy location e } Increases
1 Y g
1 he automaticall
the intensity of his vouce to make himself heard The reduction 1n the abihty

mentally that jow pﬂche(; 50 !
unds had a masking efjec
that produced by tugh pitched sounds Mayer gclaxmetd

that a low Pitched
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' tone was capable of completely mashing a tone of ligher pitch, but that a
higher prtched tone was incapable of completely mashiag the lower pitched
¢! one
Because the equipment used by Mayer 1n his expeniments was crude, the
accuracy of his work was hmited The Bell Telephone engineers continued
the study and obtaned more accurate data " They found that Mayer’s con
clusion regarding mashing holds true only under certan conditions A low-
pitched tone will not mask to any degree a high pitched tone far removed
m frequency unless the low pitched tone 1s of a very considerable intensity
a higher pitched tone may easily mash a lower pitched tone 1f the fre
quencies are closely spaced
/ In a complex tone, for example, one consisting of three frequencies, such
=" as 300, 400 and 2,000 cycles per secand, with respective sensation levels of
50, 10, and 10 decibels, the expersmenters found that the average human
auditory system could detect only those tones having 400 or 2,000 cycles
per second When the ntensity of each component of the complex sound
was increased by 30 decibels, so that the three tone levels were 80, 40, and
40 decibels, respectively, only the tones having 300 or 400 cycles per second
were audible Under these conditions, when the 300 cycle per second tone
was attenuvated by only 8 decibels, 1t vamshed completehh T'rom this ex
ample, 1t follows that the sensation produced on the auditory system by a
complex sound 1s decidedly different mn character, as well as in ntensity,
when the level 15 decreased or increased, even though no distortion 1s n
{ troduced Thus peculiar characteristic of hearmg follows the general rule
} that, as a complex sound becomes marc wmtense, the low pitched tones be
come more promment because the higher piiched toncs are masked
When a radio recenver 1s tuned to a station which 15 broadcasting a sym
phony orchestra, this masking effect 1s readily apparent if one hstens first
at lugh volume, and then turns the volume control to a much lower level
At Igh volume the bass notes are reproduced with excellent fidehty, but
at low volume the mtensity of the bass notes 15 weahened more than that of
the hugher pitched notes
In auscultation this mashing effect 15 even more noticeable because of
the proxumity of the frcquency components which are mvolved It follows
//that obesty should produce an attenuating effect and cause a decided change
w the qualitv of the heart sounds In fact, some of the important com

f

ponents of the heart sounds may be completely mished by obesity J
{

\/ AUDITORY I'ATIGUE
Another form of mgshing 1s introduced, especially m auscultation, when

a sound of comparatively high ntensity tmmediately _precedes a sound of
h first or second sound pre
consderably lower intensity, for example, when a first or

cedes a murmur of-low-intensity  The first or second sound of comparitively
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great intensity has a tendency to fatigue the Iaudllury mechamrsr:\u :)i .;:cc
the low intensity mu
¢ temporanly, thereby mashing
((;lx):e}:::m m}ze of stélhesco chest picce partially overcomes the mashing
eﬁei)c'! ';?aectl\a frequency attenuation, the prinaiple of whid t‘:ppr;
} 15 DO
Fussed later Apparently, ths y P
g:;ted by many physiaians, 3s many Use exther the open bell stethoscope or
the diaphragm stethoscope exchusiely

‘\/ARIATIO\ OF LOUD\ESS WITH FREQUENCY

Because of the fact that the human auditory mechamsm does not respond
cqually to different priches, tones of the same mtensity but of dufferent fre
quenctes produce different sensations of loudness  Also, 1f the wtensities
of the tones of different pich but of equal loudness are ncreased by an
equal amount, an unequal sensation of loudness 15 produced hangsbury
and, more recently, Fletcher and Nunson U obtained quantitative measure
ments o the determination of equal Joudness curves for average persons

Tigure 8 shows the cures obtamed by Fletcher and Munson * The
abscissa of the graph, which 15 a loganithmic scale, represents the frequency
spectrum 1 cycles per second that 1s covered by the average normal human
auditory system, and the ordinates are the sound pressures or ntensity
ievels, before entry mto the ear, 1n decibels above threshold The pressure
measurement external to the ear s hnown 1n the science of acoustics as a
free field measurement, the pressure 15 measured at a location free from
‘boundmg surfaces and then the ear 15 placed at the same location where the
pressure measurement was made The sound pressure levels in dectbels along
the axis of ordinates are referred to 0 0002 dyne per square centimeter, which
15 the generally accepted value for the threshold of audibility of normal
human auditory systems

The tamly of curves in figure § was obtuned for equal loudness contours
which are measured on the graph 1n phons A phon 1s an acoustical umit for
measunng the loudness of a tone The pumber of phons 1s equal to the num
ber of decibels 2 1,000 cvcle per second tone 1s above the reference sound
pressure when 1t 15 subjectively Judged to be equal in percened loudness to
the viamty of 3,000 scll:s \e: . : Z;\Ell'ag; human auditory system 15 in

1,000 cycles per,secog a gf\ensxe rerease 1 the Lency spectium beyond
y ncrease in the intensity of stimulation, as

measured on the axis of ordinates, results in approumately the same ncrease
 loudness whereas at Jower frequencies the same mncrease in stimulation
produces a much greater increase in Joudness /Resohmg this heaning char
actensticnto actual v flues, at a frequency of 600 cycles per second f ad
Pressure increase of 76 dectbels 15 necessary\ fevel o

to create a Joudness le
80 phons above the threshold of audibibity level of zero phons, “her:ael :(t
4
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LOUDNESS LEVEL IN PHONS
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Fig 8 Relative sensitivity curves of the average normal human audifory system whers the
ordinate fs the sound pressure level measurad 1n a free field bofors entry into the subgect s
ear [From Fistcher H and Munson W A )21

100 cycles per second, an merense of 43 decibels of sound pressure 1s re
quired to produce an equal icrease, at 8,000 cycles per second, 76 decibels
are required, and at 1,000 cycles per second, 80 decibels It 15 important
that this nonhnear charactenistic_of hearing be talen_into-consideration
when_designing a stethoscope, for a modification of the frequency response
char:mml seem to alter the quality of the anscul
tatory sounds

In 1940 Stevens and Volkman™ obtuned another fanuly of loudness
contour curves, shown 1n figure 9, which differ somewhat from those of
Tletcher and Munson ** The graph of Stevens and Volkman espresses the
sound pressure level at the eardrum, whereas Cletcher and Munson meas
ured the sound pressure 1n a free field external to the ear It 1s generally
observed that if sound pressure 1s measured at the eardrum, 6 to 10 deaibels
more are required to produce audibility than are required if external free
field measurement 1s used A difference n loudness level of approximately
seven decibels between Tletcher and Munson’s conditions of excitation and
thase of Stevens and Volkman, 1s evident from figures 8 and 9

MONAURAL VLRSUS BINAURAL HI'ARING

Prior to [letcher’s experiments on hearmng, 1t had been beheved that the
loudness of percewved sound depends on the number of nervous impulses
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LOUDNESS LEVEL 1N DHONS
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reaching the bran According to this theory, binavral lictening should pro
dute twmice the Joudness of monaural hstemng, Fletcher  applied alternately
to each ear a tone which produced equal percened Joudness, then he ap
phied the tone sunultaneously to both ears He observed that with binaural
heating he had to rednee the tound by « decibel, 10 make the sovnd as loud
as 1t had been with monaural Iistemng and that the value of a was different
at vanious sensation levels The average readings oblawed from 2 group
are given 1n table 5 (see discussion of respective ments of binaural versus
monaural auscultation by stethoscopic and durect means, (pp 49 50)

From Fletcher < data 1t appears that when both ears are stmulated 1den
tically the effects from both ears are brought together 1n the central nervaus

TABLE §

DEVIATIONS 1\ THE INDIVIDUAL PUYSICIAN § MEARING
FROM THE AVERAGE \ORMAL THRESHOLD CLEVE OF AUDIBILITY

Sensation ° Intrease sn
Level m Deesbels Loudress
23 st 143 Times
45 53 184
61 100 316
81 90 282
o 99 27 57

SRS A,
From Fletcher § e
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processes and effectually fused When a phase difference 1s present 1 the
tones reaching both ears, the fusion 1 the central neryous processes 1s in
complete and the auditory phenomenon of sound localization or stereophonic
effect 1s produced ** This form of auscultation has been used by several m
vestigators for the localization of cardiosascular sounds and murmurs (see
p 40)
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4/ Descnption of Heart Sounds Murmurs and Non
cardiac Chest Sounds from 2 Physical Pomnt of
View

TRANSMISSION CHARACTERISTICS

Acoustics, as related to auscultation, deals with the vibrations or distuth
ances set up 1 the chest, with their transmission through the component
sections of the chest, as well as through the stethoscope, and with the result
1ng efiects on the obsener’s audutoty mechamsm Sound, which 1s the result
of vibration of 2 medwm, 15 capable of traveling through a sald, hquid, or
gas as a compressional wave, unless the medsum 15 entirely inelastic In
other words, the ability of sound to travel through matter depends on the
elasticity, viscosity, and density of the medwm 11 the effects of viscosity
are small, as 15 the case with water, air, metal, and bone, the sound energy
may be transmutted with hittle loss In some media, such as soft rubber or
fatty breast tissue, the sound waves are almost immediately suppressed

Tn a homogeneous substance a sound wave propagates itself at a selocity
the magmtude of which depends on the physical properties of the medium,
and the attenvation of the wave 15 governed by the viscosity and the spread

g of the sound energy over a Jarger surface as the wave progresses When
sound energy travels from one medium anto another of dilferent physical
properties or when there 15 no longer homogeneity of medm, transmussion
losses 1n the form of refraction and reflection take place Some media are
capable of transmutting low frequency vibrations with Jess attenuation than
Tugh frequencies, and vice versa, this results 1 distortion of the sound In
the human body there are many paths along winch heart and chest sounds
travel to reach the surface A large percentage of the sound energy never
reaches the surface because of losses due to wiscosity, elastiaty, density,
spreading reflection, and re(;aclxon/\aluwa\\}, the mntensity of g’he sounci
1s maxunum oves that portion of the chest where the sound pursues a path
of mmmum attenvation

/A8 15 the location the physician normally selects

with s stethoscope Auscultatory expenence has shown that murmurs pro

duced by lesions of the four valves of the heart are heard with maximum

tntensity 1n certain areas of the chest, althou,

of the chest surface which are closer to these valyes /
a

.

gh there may be other sectians___
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CLASSITICATION OF SOUNDS

Various studies have been made to ascertain what frequency band 1s 1n
volved 1n auscultation ! ¥ Cabot and Dodge S came to the following conclu
s1ons

Practically all the sounds of interest n auscultation are made up of frequencies
below 1,000 cycles per second In general the upper and lower frequency hmuts for
the pathologic sounds m any particular case are not sharply defined

Presystohic murmurs as a class are charactenzed by a greater predomunance of low
frequencies than other murmurs, and are almost 1nvanably termed ‘low pitched "

The frequency bands of importance 1 systolic and diastolic murmurs are broadly
the same In each group extremely low pitched and high pitched cases are found
but there appears to be nothmg in the quality of the sounds that 1s charactenstic of
murmurs occutnng 1n systole or drastole In our hmited studies, we have_not been

able to associate a particular frequency band with murmurs produced by aTesion
\o( a guen kind

Lung sounds as a class have a proportionately smaller_amount of low frequency
components than heart Sounds The descriptise words ‘coarse. and_fine as applied
toales are usually Assoelated Wwithrtonspicuous low _and_high frequency compo
neats Breath sounds are, brodly, lugher putched than most heart sounds as evt
denced by the scarcity of components below 240 cycles per second
Wilhams and Dodge " observed the distribution of energy 1n normal heart

sounds (table 6) Above 110 cycles per second, the energy components of

TABLE 6

ENERGY CONTENT IN NORMAL HEART SOUNDS

Frequency Energy in
Cycles per Secoud Per Cent

50 60 56

60 70 27

70-80 10

80 90 4

90 100 2

100 110 1

From Willams H B and Dodge H F2

the normal heart sounds were neghgible They further observed that low
pitched heart murmurs have frequencies lower than 400 cycles per second
and that high pitched muri 120 to 660 cycles per second
The frequencies of systolic and diastolic murmurs range between 120 ant:
660, occastonally ascending to 1,000 cycles per second Cabot and Dodge

noted that, for the most part, the frequencies of presystohc murmurs lLe
below 140 cycles per second, but these murmurs contan components up to

400 cycles per second They stated that the pericardial rub 1s composed of
frequencies between 140 and 660 cycles per second, rales, between 120 and



HEART SOUNDS MURMURS AND NON.CARDIAC CHEST SOUNDS o]

1,000, ampheric breathing, between 240 and 660, and bronchial breathing,
between 240 and 1,000 cycles per second

In our observations of the vartous heart sounds and murmurs, we have
not encountered any frequency components of noticeable value above 650
cycles per second However, we have enc d frequency comy of
heart sounds that were well below the range of the human ear (cbtained by
recording the sounds graphically) Exactly where the lower limit of the
sounds occurred was difficult to observe, for they were mtermingled with
the low frequency wases caused by motions of the chest wall The lowest
frequency hmit of heart sound components 1s 1n the viamty of 5 to 10
cycles per second, although sounds with a frequency of less than 30 to 40
cycles per second cannot be heard if the intensity 1s low
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GENLRAL CLASSITICATION

Acoustic stethoscopes may be classified as monaural, binaural, and differ
ential The monaural stethoscope described earlier (p 13) was 1nvented by
Laennec and later improved by Piorry It 15 still 1n use on the contment of
Europe, but the bmaural stethoscope 15 more commonly used There are
many hinds of binaural stethoscopes, but the only two important types are
those with open and diaphragm chest pieces

Differential stethoscopes are used pnmarnly for localizing and comparing
sounds Their operation depends on the well known charactenistic of hearing
termed “auditory localizatton,” or the ability to ascertain the direction of a
sound source by means of phase differences Phase difference depends on
when the sound reaches each ear, and, 1n turn, registers on the bram In
addition, there 15 a stereophonic effect which gives the sound characteristic
depth and extensiveness

Alison,! 1n 1859, described a differential stethoscope which consisted of
two monaural stethoscopes of the flexible tube type Muralt, n 1910, de
vised a differential stethoscope which allowed him to hsten simultaneously
to two lung areas Muralt’s stethoscope mcorporated two similar chest
pieces, so arranged that two tubes of equal length connected each chest
piece with each ear four tubes were used 1 all In 1934, Froschels * sug
gested using a differential stethoscope to study the sounds produced by the
vocal cords to detect laryngeal paralysis Iroschels’ stethoscope was 4 mod
ification of Muralt’s, 1n that it consisted of two simlar chest pieces and
two tubes passing through an X which allowed an ipsilateral or contralateral
course of sound to each car Hawthorne,' 1n 1935, described a differential

(double) stethoscope which was simlar to Ahson’s In 1936, Nicolai® de
scribed what he termed a “stereostethoscope,” to detect differences
sounds oryginating in the two mandibular joints The Nicolu stereostetho
scope was identical with the one described by Alson Nicolu and Hant
schmann ® found 1t useful 1n the study of pulmonary and cardiac disease

In 1937, Kerr and his associates ~ described an mstrument which they
called the “symballaphone” and which they classified 1s a “modified stetho
scope for the lateralization and comparison of sounds ”” The symbnailaphone

was similar to Muralt’s stethoscope, except that 1 longer connecting tube
2
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from each chest prece to the OPP"SC‘;: "':" prece was employ ed m place of the
ube to the ear piece on eack siae
d“le’i:a(r to 1940, manyp\ atrations and styles of bells had been mnnu!a;tudred
and marketed, wth wde clams for therr performance, but rately had a
theoretical or suentific explanation of the acoustics of the bell been at
templed Sumitatly, the acousties of the stethoscope structure b::tween th;
bell and the ear had been ignored In 1940 Jobnston and Khine® presente
{heir data on the acoustic stethoscope The testing procedute they employed
was agmbcant, 1 that 1t was one of the first attempts at & quantitatie
amalysis of stethoscope performance
The expenimental setup was composed of
A pecal telephone recenver dnven by a \anable frequengy osallator placed
wathin the heart of a cadaver by means of an abdommnal-disphragmatic approach <
tkat vibrations of any de wed amphitude and pirch were vansTtted 1o the niact
thoratic wall over the heart ‘The wibrations were picked up by the end peces of the
stethoscope and cons eyed through the coluruns of air of the mstrument to a condenser
mucrophone The output from {he microphone was paseed Juto o unable saruum
tube amplifier and thence to an output meter of the rectifier type The readings of
thus meter were proportional to the ntensits of the waves stoling 1he dnphragm of
the conden er microphone Al tests wese made with the end preces of the stetho cope
held nzdly a amst the same pomt on the precordivm and great cate was takes to
be ure that each end prece was in air tight contact with the <kin
The Johnston and Khne calibration procedure nas as follows
Before any tests on stetho cope umis were undertzken 2 tempts were made to
standardize the Vibratiwns transmitted to the wall of the chest o that thesr amplitude
would be constant over the enture range of frequencies emplayed This problem proved
to be difficult and was not solved 10 our satisfaction We finally used a erystal vibra
tion pick up fixed at the cho en point on the precordium and determned the value
of the ress tance which would gne the ame response on the output meter at each
frequency
m:ﬁ:?ﬁ?dzlga:‘;xpenmemal data and acoustical theoty on stethoscope per
ed by two of us (M BR and HB $)? showed a number
of flaws m Johnston and Kline s experiments It 15 wteresting that although
considerable data hase been presented for mprosing stethoscope perform
ance wnce 1941 the average stethoscope used today (19603 15 stsit lack,
n many elements of scientsfic design and has been changed httle 1 th lmgt
thisty years However the stethoscope d i the las
'pe designed by the twa authors men
taned above combimes the results of research on the ph
of the acoustic stethoscope m a single 1 t physics and acoustics
transmission for card: 52 smstrument with as nearly ideal sound
cardiac study as appears presently possible

IRINCIPLE OF OPFRATIOV
The stethoscope 15 a device wi
uch provides a closed acoustic
conducting <ounds that ongmate wm the body of the patient to mesz;:‘;:/:: :
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GENERAL CLASSIFICATION

Acoustic stethoscopes may be classified as monaural, binaural, and differ
ential The monaural stethoscope described earlier (p 13) was mvented by
Laennec and later improved by Piorry It 1s still 1n use on the continent of
Europe, but the binaural stethoscope 15 more commonly used There are
many hmds of binaural stethoscopes, but the only two important types are
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Differential stethoscopes are used primarily for localizing and comparing
sounds Their operation depends on the well known characteristic of hearing
termed “auditory localization,” or the abihity to ascertain the direction of a
sound source by means of phase differences Phase difference depends on
when the sound reaches each ear, and, i turn, registers on the bram In
addition, there 1s a stereophomc effect which gives the sound charactenistic
depth and extensiveness

Alison,! 1n 1859, described a differential stethoscope which consisted of
two monaural stethoscopes of the flexible tube type Muralt, 1n 1910, de
wised a differential stethoscope which allowed him to lListen simultaneously
to two lung areas Muralt’s stethoscope incorporated two similar chest
peces, so arranged that two tubes of equal length connected each chest
piece with each ear, four tubes were used 1 all In 1934, Froschels ® sug
gested using a differential stethoscope to study the sounds produced by the
vocal cords to detect laryngeal paralysis [roschels’ stethoscope was a mod
ification of Muralt’s, in that 1t consisted of two similar chest preces and
two tubes passing through an X which allowed an ipsilateral or contralateral
course of sound to each ear Hawthorne,* in 1935, described a differentral
(double) stethoscope which was similar to Alson’s In 1936, Nicolar ® de
scribed what he termed a “stereostethoscope,” to detect differences m
sounds ongnating in the two mandibular Joints The Nicolai stereostetho
scope was 1dentical with the one described by Alson Nicolar and Hant
schmann ¢ found 1t useful mn the study of pulmonary and cardiac disease

In 1937, Kerr and his associates ” described an instrument which they
called the “symballaphone” and which they classified as a “modified stetho
scope for the lateralization and comparison of sounds ” The symballaphone
was similar to Muralt’s stethoscope, except that a longer connecting tube

0
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$xom each chest prece to the opposxltle 23\‘ pece was employed 1n place of the
e ear piece on each s e

dlrlc’:—:atruz: ;;43: man}pmnannns and sty les of bells had been manufa;iudmd
2nd marheted, with wide clams for their performance, but rarely had a
theoretical or scientific explanation of the acoustics of the bell been at
terapted Similarly, the acoustics of the stethoscope structure between }hi
bell and the ear had been 1gnored In 1940 Jot and Rhine® p

their data on the acoustic stethoscope The testing procedure they employed
w28 significant, 10 that it was one of the first attempts at a quanhitatne
analysis of stethoscope performance

The expennmental setup was composed of

A specual telephone ecener dnven by 3 vanuhle frequency osallator placed
aithin the heart of a cadaser by means of an abdommal-diaphragmatic approach so
that vibrations of any dered amplitude and pitch were transmitted ta the intact
(horacic wall over the beary The whtattans were picked up by the end preces of the
stetho cope and cons eyed through the columns of arr of the mstrument toa condenser
microphone The output from the microphone Wwas pasted sata a suttable sacuum
tube amplfier 2nd thence 16 an output metee of the rectifier type The Teadiegs of
this meter were proportional to the wienaity of the wases strnking the duaphragm of
the condenser microphone All tests were made with the end preces of the stetho cope
held nmdly againct the same pout on the precordium and great care sas talen to
be sute that ¢ <k end piree was in air tight contact with the skin

The Johnston and Kline calibration procedure was as follows

Before any te ts on stethoscope umsts were tndertaken attempts were made to
fandard ze the vibrrtons tranumutted to the wall of the chest so that theie amplitude
woutd be constant over the entire range of frequencies employed This protlem prosed
to be difficult and was not solved to our satisfaction We finally used 2 envstal Wbra
tion pick up fized at the chosen pomt on the precordium and determined the value

of the teustance which would gue the ame re ponse on the output meter at each
frequency

In 1941, the expenimenta) data and acoustical theory on stethoscope per
formance desctibed by two of us (MBR and HB§ )* showed a number
of flaws 1n Johnston and Khne's expermments Tt1s snteresting that although
considerable data hase been presented for amproving stethoscope perform
ance since 1931, the average stethoscope used today (1960) 15 still lacking
eaufic de gn amlii has been changed hittle 1n the Jast
e stethoscope designed by the two authors me
u;mcd above combines the reculls of research on the physics and acoustel:s
of the acoustic stethoscope 1n a single nstrument with as nearly 1deal <ound
transmisston for cardiag study as appears Ppre<ently possihle

in many elements of scientific desy,
thurty yeats Howeser,

PRINCIPLE OF OPER ATION
Th
o :ds:'\'hoscoge 15 a device Shich provides a closed acoustic system for
g sounds that arigiate in the body of the patient to the obseryer’s
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ear The sound transmission medium 1s a closed column of ar 1n the case of
the binaural stethoscope, which employs rubber tubing as a hnk between
the chest piece, or sound iccumulator, and the ear pieces In the rigid mon
aural stethoscope, the sound travels by both bone conduction and arr column
transmussion The bone conduction 1s dependent on contact with the ear as
well as with the matenal of which the stethoscope 15 made, whereas trins
mussion by air column depends on the pressure changes that take place

/TIIE OPEN BELL

Tor the most part, in medical Iiterature the bell portion of the stethoscope
has been regarded merely as an accumulatar or collector of sounds The
general trend of thought has been that, 1f the sound as 1t accumulates on a
patient’s chest could be gathered from the largest practical area, there would
be a proportional increase in intensity when 1t 15 transmitted to the ear 01!
According to this reasoning, the larger the contact rea of the bell consistent
with good seating, the greater the heart sound ntensity Lumted chinical
trial seemed to substantiate this supposition Various types of bells, the
constructton of which was based on these assumptions, have been marketed
Other designers have gone 1 step further by giving the internal portion of
the bell various geometric shapes to aid the accumulating properties

It 15 our opinton that the open bell should not be constdered primanly as
an accumulator When 1t 1s held n the open, the open bell exlibits 1coustic
characteristics that are entirely different from those which 1t exhubits when
1t 15 applied to the chest When an open bell 1s applied to the chest, the sk
bounded by the lip of the bell forms a dwphragm, and the fleshy portion
under the skin acts as a damping medmm In other words, the condition 15
simlar to that encountered in a microphone or telephone recever

The physical principles governing the operation of a damped diaphragm
are well known and may be found 1n textbooks on telephony Any diaphragm
has a natural frequency of vibration, or resonance pomnt, which 1s dependent
on 1ts inherent mertra, elasticity, diameter, and tautness The maximum
sensitivity of the diaphragm to external excitation occurs at the pomt of
resonance In other words, 1f a diaphragm (made of any materal) 1s excited
by sound or vibrational energy, the pitch or frequency of which 1s varied
from zero to nfimty while the amphtude 1s Lept constant, the diaphragm
will oscillate in umson with the exating medwm and reach a maximum
osallation amphtude at 1ts potnt of resonance The following are some of
the general rules govermng the action of diaphragms

1 The more taut a duaphragm 1s drawn the higherats natural frequency of oscillation

becomes
2 The larger the diameter of the draphragm the lower 18 1ts natural frequency
3 Dampmg suppresses the maumum vibrations of the diaphragm that occur at the

resonance point
4 When the natural frequency of a diaphragm 1s increased the upper frequency range
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t
to which the diaphragm 15 capable of responding Is ncreaced Ho‘:»:\:;n \Ts‘;ﬂ::\tl l::n;\:
‘hragm throughot
thout Jowermng the sensitmaty of the diapt
2:::::::;;‘11;“ a duaphragm Tugher natural frequency 1§ Te 5 ensune to the
Tower frequengies ot pitches than a thaphragm of 1o Tiaral (aqumcyl 2 of
DA BINC DATIMONC Tesonance powts which occur at multiple frequencie:

the fundamental In ou cultation we are concerned only with the fundamental -
6 At the frequency of mechantcaj resonance of the duphragm the effects of the
tnectia and elastiity of the diaphragm balance each other and its veloaity 15 10 phase

with the mmpelling force

1f the open bell of the stethoscope 15 regarded as a device for producing
a diaphragm effect whent1s apphed to a patient’s chest and 1f the physical
charactenstics of diaphragms are kept m mind, many chimeal obsenvations

can be explamed It 1s 2 commonly observed fact in auscultation that a
bell of a given size thg__g_re_a_ﬂq____________.____ﬂp——

e pressure with which the bell 35 apphied
ond heart sounds and the Figher 15 the pitch This phenomenon can be read
ily explamed by the fact that, with greater pressure, the skhin bounded by
the lip of the bell 15 drawn more taut, this produces a diaphragm with a
Ingher natural frequency than that produced when the pressure 1s light As
has been said, a diaphragm with a high natural frequency extends the upper
portion of the frequency band, but, at the same time, 1t attenuates the
over all level except at the point of resonance It 1s to be expected that a
draphragm with 2 high natural frequency would attenuate the lower fre
quency components of the heart sounds and tend te bring aut the higher
frequency components, thereby altering the pitch and reducing the intensity

of the first and second heart sounds 1n which the low frequencies pre 4
dommate

Normally, the smaller the diameter of the opening of the bell_the higher
1s the pitch of the sounds This charactenstic 15 explained by the fact that
with 3 small bell, the driphragm dimensions are small, this tends to give 1t
2 bigher natural frequency Also, in order to obtam a reasomably good seal
with the shan, sufficient pressure must be exerted to stretch the skin enclosed
by the lip of the bell, thereby addionally raising the natural frequency
With a bell of larger diameter the tendency to stretch the skin 1s propor

» twonally reduced, this makes a stethoscope with a bell of large diameter
n‘:i;h;e:; ;:n;:;\ve fo pressute vanations as regards pitch than a stethoscope

/ The pressure pitch charactenistic of stethoscopes has a useful application
w ausculiation when a bell of normal size (approuimately one inch 1n diam
eter) 15 employed By ‘arying the pressure on the patient’s chest, the ph
Sian can create 2 vanable filtening action on the heart suurxds' that a}r’e
transmitted by the closed systen Tn order to clanfy the principle, let
::::::r 3‘pa!h0)0glc condition 1 which there are lcu\dﬁ_rsﬁ_a___’_lmisego;d_;ea::

aloud systolic murmur of faily In\v\glch, and a very low wntensity,
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hardly audible, igh prtched diastolic murnmiur Because of the comparatuyely
great mtensity of the sounds other than the diastolic murmur, the Tatter 15
mashed (see pp 31 32) When the pressure with which the stethoscope 15 ap
phed 15 mcreased, the natural frequency of the draphragm formed by the
shin 1s rased, thereby attenuating the lower pitched components, of which
the first and second heart sounmﬁim
X _posed, and allowang the lngher pitched diastolic murmur to stand out better
as a result of the decreased mashing effect When the pressure with the
s stethoscope 1s decreased, low_pitched murmurs, third heart sounds, and}
‘_?ga@h} thms may be brought out more distinctly

Another important consideration 1n regard to the open bell 15 the efiect
of 1ts mternal dimensions and shape As has been mentioned previously,
vanous geometric shapes and forms have been devised to mprove the ac
cumulating properties of the open bell, with a resulting loss of accumulation
n most cases The fallacy 1n making bells of certamn geometric shapes be
comes obvious 1f we stop to consider that the pressure variations at the ear
which are produced by the shin diaphragm i the stethoscope proper are
wversely proportional to the volume of the bell Thus, an infinitely small
valume produces a maxumum variation m pressure, Which, in turn, manifests
itself as a sound of mauimum atensity The eonly important consideration
m designing a bell, aside from heeping the nternal volume at a mummum,
14 to have 1t so shaped that, in the case of an obese patient, the bell will not
fill with flesh to such an extent as to decrease the ditmeter of the diaphragm
and, therefore, 1ts effect

At this pomt 1t 1s logical to consider the relationship of bell resonance to
dimenstons A stethoscope bell mav be placed in the same class as the Helm
holz resonatars, an analysis of which may be found 1n almost any text on
acoustics Although 1t 15 somewhat beyond the scope of this discusston to
go nto the acoustics of Helmholz resonators as applied to stethoscope bells,
1t 15 of nterest to note that a bell with an nternal lip diameter of 58 cm
and an internal body depth of 09 cm, with a 06 cm hole 1 ecm long,
through the threaded portion (which attaches to the stethoscope proper),
has a theoretical resonance frequency of approuimately 500 cycles per sec
ond Because of the fact that so large a bell has a resonance frequency which
Tes at about the upper ltmits of heart and chest sound frequencies, and be
cause bells of smaller size exiubit proportionally higher resonance frequen
cles, # 15 impossible to obtam any really effective filtermg by bell shape
madsfications other than those previously mentioned

THE DIAPHRAGM CHEST PIECE
The diaphragm chest piece (Bowles type), which 1s co monly employed
1n auscultation, 1s especially useful in detecting faint h pitched soun

such as the barely audible, high pitched, diastolic murm aortic msuf
respiratory sounds Essentially, .-

X ficieney and the high pitched “bronchial”




&
THE ACOUSTIC STETHOSCOPE

the prinaiple of its operation 18 amilar to that of the open bell when at s
apphied to the patient’s chest, except that addiional Attenuatson of the
lower pitched heart and chest sound components 1S obtainable Of course,
the smaller the diameter of the open bell, and the greater the pressure with
which the bell 1s apphied, the greater the low frequency attenuation, but, to
obtan an equualent degﬂgt!enuaulcwth_the > open bell, th"e_’plrﬁsui_
would be great enough to hurt the patient By interposing a diaphragm of
Bakelite, or amy other plastic whose natural frequency 15 1 the destred range,
the necessary attenuation can be obtained with hight pressute on the patrent s
chest In other words, the plastic diaphragm becomes a substitute for the
shin diaphragm, and the flesh of the chest acts as a damping medm

All of the general principles which are applicable 1o the shan diaphragm
apply equally well to the plastic diaphragm It 15 well to mention at this
time that the plastic diaphragm 1s referred to because 1t 1s the one most
generally employed The theory of operation of a metal diaphragm 15 1den
tical, but 2 foreign, metallic ning may be superimposed upon the sounds

As 15 the case with the open bell, for maximum efuciency, the volume of
are chestpleces}muld be as small as possible The internal
volume of 2 diaphragm bell may be considerably less than that of an open
bell of sumlar diameter, for the stiff diaphragm prevents the tissue of the
patient’s chest from entering and decreasing the effectine diameter

OPEN BELL VERSLS DIAPHRAGM CHEST PIECE

An attempt was made to venfy expenmentalls the theory of the stetho
scope bell which has been discussed A frequency charactenstic test was
made using the four chest preces shown 1n figure 10 Tigure 11 15 a schematic
sketch of the apparatus employed 1n the experiment

The posterior portion of the patient’s chest was allowed to rest against
2 loud speakes, with s associated baffle Throughout the entire test the
patient was Lept 1n one position refative to the loud <peaker The four chest
pieces shown 1n figure 10 (the chest preces may be screwed into the speciall
designed merophone, the charactenstics of which will be diccussed l:\!ex'y

B

Lee

Fig 10 Chest p
Reppaport M B an.

e
-

¢ o1 employed i th i
PPt @ vesfication of tha stethoscope bell theo y (F om
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see pp 65, 66) were pliced one at a time on an area marked on the front of
the patient’s chest In other words, the adjustable frequency sound energy
was fed into the patient’s chest and piched up by the mucrophone and 1ts chest
preces, 1t was then mplified and fed 1nto a cathode ray oscillograph, used
as a recorder Lqual pressure on the patient’s chest was used with a1l four
chest pieces

MCROPHOE  WTH

LOUD.
FLAFER REMOVEABLE  BELLS

CATHCG E
AY
CKILLO RaPH

|

L

Fig 11 Schematic diagram of apparatus employed in obtaining the curves shown in figure
12 (From Rappaport M B and Sprague H B}

A frequency response curve was recorded for each chest piece The curves
thus obtamned had practically no meammng, for they included the character
istics of the loud speaker and the transmissional mediums of the chest
However, subtraction of one response curve from the other canceled the
loud speaker and chest transnussional charictenstics, thus allowng direct
companison of the respective chest pieces T'or our purpose, 2 comparison
of the diaphragm chest prece with the open bells (using the draphragm chest
prece as a reference value) supphied useful information The resultant curves
of the three open bells and the diaphragm chest piece are compared 1n figure
12, the reference value was zero decibels

The dimenstons of the four bells were s follows The lip drameter of the
large bell was 2 0 1n, of the medrum bell, 15 1n, and of the small bell,
10 1n The diaphragm bell nas 1 typical Bowles chest piece, with a dia
phragm 0 015 1 thick and 1 freely working diameter of 134 m The internal
volume of the Iarge bell was 12 7 cc, of the medium bell, 62 cc of the
small bell, 2 3 cc, nd of the dinphragm bell, 25 cc

The followng are some of the more important gencral conclusions that
may safely be drawn from the graph of figure 12
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The higher the dot bel eadng the b gher the ralat o offc ancy of the chest p ace (Fram
Reppaport M B and Sprague H B39

1 The eficiency of the theee open bells imprones more than that of the dipbrigm
che t ece as the frequency 15 decrea ed

2 The lagoer the diameter of the open bell the more efficient 13 the chest mece at the
Tower frequencies

3 The large bell exhibits a tesonance effect 1n the upper auscultatory remon that 15
chatacternstic of a Helmtholz resonator of such dimensions The resonance powts of the
smaller bells are above the auscultatory sange and therefore are not shown 1 the graph

Tt has been d

7 ty that a duaphragm hell 1s useful w bring
1ng out certamn hgh mitched murmurs because 1t suppresses the lower fre
quency heart sound components that tend to mash the Jow intensity murmuy
af tugh pitch The commonly used diaphragm chest piece, such as the Bowles
type shown m hgure 10 employs a bakelite diaphragm 0015 1 thick, with
a freely worling diameter of 134 s This duaphragm Wwas selected because
chimeal tnial showed that 1 suppresses the lower puches sufficiently 1o bring
out the ingher pitched mutmurs that are normally mashed Thicker din
phragms or diaphr: 1th a igher natural

R e
ency are not normally
used because they produce suc] rq

s¢ they produce such 2 progeunced o er-all alfegton of the
heart sounds that they are more of a disadvantage than an advantage 1f
the efficrency of the acoustic stethoscope could he mcreased enough to over

come the general reduction of so

A‘m/\md—wgty_whlch occurs when thicher
diaphragms are employed (he hatd 1o hear, Tugh pitched diastolic murmurs
might be more easily detected Thus proved 1o be true when an amphiying
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stethoscope was employed, a diaphragm chest piece with a higher natural
frequency and an adyjustable volume control was used This test will be dis
cussed in greater detail Iater (secp 86)

Figure 13 shows two records which were obtaned from a patient with
an aortic systolic and diastolic murmur The filtering action, or attenuation,
of the low frequency components of the murmurs, as well as of the second
heart sound (the only one present), 15 obvious Systoleand dizstole may be
timed accurately on the phonocardiogram by recording the electrocardio
gram simultaneously The nature of the mechanism producing the records
will be discussed later (seep 86)

[
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Fig 13 Graphic records (phanocardiograms} of an aortic systolic and diastohic murmur
A faken with the large open chest pisce shown (a figure 10 B taken with the diaphragm
(Bowles fype) chest piece shown in figure 10 (From Rappaport M B and Sprague H B9

BINAURAL EFFECTS
Figure 14 1s a schematic diagram of apparatus employed to ascertam the
effect of a binaural system 1n a stethoscope An extremely quiet room was
selected for the test (noise would affect the accuracy of the test because 1t
would alter the threshold of hearmg) The apparatus consisted of an ad
justable frequency oscillator which was capable of producing a sinusoidal
electrical wave practically free of any harmomc content The frequency
was adjustable over the auscultatory range The electrical energy output at
the various frequency settings was adjustable by means of a continuously
varable control The measured stusodal electrical waves were fed mnto a
phone which could be placed to the ear of the person bemng tested, or led to
the ears through a binaural attachment such as that used on stethoscopes
The phone was applied to the ear with constant pressure throughout the
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PHONE  OR
PHONF AND BINAJRAL

uTAIT
CONTROL

Fig T4 Schematc d agram of apparstus employed in determ ning the b naursl effect
(From Rappaport M B and Sprague H 619

test For each frequency setting throughout the auscuitatory range, the per
son who was bemng tested adjusted the intensity of the tone to the pomnt
where the tone was just audible (threshold Jevel), and the energv entering
the phone was then measured The same procedure was followed for the
same phone with the binaural attachment

If the resultant data were plotted in dectbels against frequency in cycles
per second the charactenstics of the phone would have to be taken nto
consideration but 1f the phone data are subtracted from the binaural data
at each frequency tested the charactenstics of the phone are canceled and
a direct companson of hearing by the two systems 1s obtained The refer
ence level in figure 15 was taken as zero decibels so that 1f any portion of
the cure showed a positine decrbel reading 1t was an indication that the

binaural system was more efficient by whatever the decibel reading hap
pened to be when the curve was n

egative the monaural system was more
efficient

hThe following are some of the important relationships that exist between
the monaural and binautal systems 1n auscultation

. 1 Durect telephone tecener application may be considered simular ta ditect ausculta
10n

2 A tnaural system introduces resonancy ks 1n the auscultatory spectrum as ma;
e peal i
pe: e auscultatory s| Y

m& ml: :;e lr;mge from 60 to 400 cycles per second which mcludes the greater part of
alory range the bmaurtl system s on an average 20 decibels better than the
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Fig 15 Relationship betwesn monaural and binaursl hearing 1n suscultabion Monaural
hearing may be dered the equivalent of direct ! whereas binaural heanng
tokes in the addihive effect of both ears and the effects of the binaural stethoscope attach
ment (From Rappaport M B and Sprague H B ) ?

monaural, this 1s equnvalent to a ten fold mcruase n sound pressure 1t the eardrum at
the threshold level A ten fold increrse mn sound pressure at the eardrum may mean the
difference between making a threshold murmur audible and not heaning 1t at all

4 Only betneen 550 and | 000 eycles-per second ts monturg] of dhreet stulin
more efficent than binaural 1nd this range 1s too high to be usctul n cardiovascutar
auscultation

EFFECTS OF TUBING DIMENSIONS
An important consideration pertaining to stethoscope performance 1s the
length and caliber of the rubber tubing It has been mentioned previously
that the pressure vwwmﬂmh@‘
owwmww
the stethoscope, so that an infinitely small volume would theoretically ex
WiBTE 3 maximum variation in pressure, which, in turn, would mamfest itself
as a sound of maximum mtensity Obviously, therefore, the tubing should
{ “ be as short as Eossxme, and the caliber as small as possible The wall of the
tubing should be SWIicEntly ngwd for maxmum efhciency, ny w all motion
reduces the effective pressure varation transmitted to the observer s car
The metal binaural tubing of the stethoscope must be considered as an ex
tension of the rubber tubmng, and 1ts effects on the over all performance of

the stethoscope must also be included
Lenotit In 1941, two of us (M BR and H B S )® performed 1 test to
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ascertain the actual change w efhoency of a binaura) stethoscope, caused
by lengthenmng the rubber tubing The apparatus employed was dentical
with that shown m figure 14 The condition under which the test was made
nere the same as thoce for the binaural effect expenment The only differ

ence 1 the entire test was that a threshold of heating curve (plotted 1n dec

ibels of mput to the telephone recener to produce the threshold of heanng
level agamst frequency 1 cveles per second) was obtained for the phone
and meta) binaural attachment for vanous lengths of tubing Two tubes
were used to connect the binaural to the phone (audiophone, see p 533

Figure 16 sbows the curves obtammed with three sets of tubing, which wete
26 12 and 3 inches long respectinely The added length of the metal tube
of the binawral was 9 wches for each ear
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g are the general conclusions

comparison of the three curves 1 figure 16 that e b o from 2

1 Below 100 cycles
ot tem 2 per ecand, the eficiency ts not affected materially by the length

1 From 100 10 1000

©ycles per econd the }

e e length of the v

ct on the efficiency that s the efficsency decreases as lheieu‘g:i(elx;fﬂ:u:nmmdemm:

o g 1Creases
by :h:m%;s i the efociency of an acoustic stethosco,

Tying the length of the tubmg, .
4

hy
though they nw tch are caused

0t considered by
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most stethoscope users, produce a marhed effect on the loudness of medium
pitched and high priched murmurs For example, a meduwum pitched murmur
frequency component of 200 cycles per second would be attenuated 15 dec
1bels by substituting 26 inch long commercial stethoscope tubing, with a
caliber of 4¢ in for ssmilar rubber tubing 3 inches long This means that
the substitution of the 26 inch rubber tubing for the 3 mch tubing reduces
the sound pressure at the ears 56 times, at 300 cycles per second the at
tenuation 1s about the same A high frequency murmur component, such as
400 cycles per second, 1s attenuated about 10 decibels or about 3 1 times,
at 500, the attenuation 1s about the same, at 600, 1t 15 attenuated about 15
decibels or about 5 6 times, and at 700, 13 decibels, or about 4 5 times This
attenuation occurs 1n the region where the low mtensity, medium patched
and high pitched diastolic murmurs are present at about the threshold of
audibility, and every possible increase m stethoscope efficiency mn this por
tion of the auscultatory spectrum 1s important

It 15 obvious that a stethoscope wath 3 inch rubber tubes 1s too short for
optimal handling 1n auscultation, 10 inch rubber tubes have proved satisfac
tary 1 the usual forms of manipulation although some efficency & sacticed
Mgmé’meme
column of air by the walls of the tubing affects the over ll efficiency of the
stethoscope That 1s, the efficiency of a stethoscope decreases as the resist
ance to the transmission of pressure variations increases, the resistance 1s
increased as the caliber 1s decreased In eliminating the resistance compon
ent, 1t still must be remembered that the greater the volume, the less the
efficiency Therefore, the most efficient tubing for a stethoscope should be
as short as possible and compromise on the resistance or caliber

Due to the lack of suitable instrumentation at the time our imtial exper:
ments were made (1939 1941), exact determmations were not made with
regard to tubing bore ® During World War II, a sound pressure meter =
was devised by the Research on Sound Control group at Cruft Laboratory,
Harvard University One of us (M BR) collaborated on the project of
making this mstrument practical and reproducible With the aid of this
sound pressure meter and several other devices, we were able to make fimte
measurements pertaining to the caliber of stethoscope tubing

Figure 17 15 2 photograph of the mstrumentation used for the deternuna
tion of the effects of tubing caliber on acoustical stethoscope efficiency
Basically a sound pressure meter 1s an instrument, or combination of mstru
ments, comprising a microphone, an amplifier, and an indicating meter, with
a flat or umform response as a function of frequency n the desired fre
quency spectrum It indicates the value of the sound pressure 1n dynes per
square centimeter or decibels above a reference, such as the average human
threshold of hearing The commonly used threshold reference 15 equal to

00002 dynes per square centimeter
When making a sound pressure determination, the adjustable frequency



53
IE ACOUSTIC STETHOSCOPE

1ber on acoustical steiho
Fig 17 Inst umentat on for determin ng the effects of tub ng ca
m\z efce oy The components are A adiusfable { squency osc ifafer B ampifer C

calbroted phane D c um tube voltmeter £ art Feial sars F sound presture mater
dtade p ecton ssstance box M sound pressure meter control box | stethoscope b
nourols nd  stethoseop 1 bing (From Rappaport M & and Sprague H B33

osaiffator A, s set at a predetermined frequency (Fig 17) By means of the
oscillator intensity control and the amphifier B just above at, a sinuseidal
electrical signal 15 apphed to the cabibrated audiophone, C The intensity of
the electrical sigmal which enters the audiophone 15 monitored by means of
the sacuum tube voltmeter D The audiophone transforms the electrical
wgnal mto an equivalent sound which 15 conducted by the stethoscope tub

g to the artificial ears E An artificial ear *? 15 an acoustical cavity whose
acoustical is ded to late the impedance of the average
human ear and thus make possible sound pressure measurements as they
would occur tn the ear Figure 18 shows a cfose up view of the artificial ears
used The spiral like tube visible on the artificia) ear to the nght 1s a high

pass filter nhih simulates the action of the eustachian tube and prevents a
build up of constant pressures on the sound pressure meter, k' shown mn
figure 17 The sound pressure meter n turn measures the pressure of the
<ound at the ear pieces of the binaurals 1 dynes pet square centimeter or
decibels above threshold The decade box G between the oscillator and
<ound pressure control box H, 1s for the purpose of matching electrical

mpedance so that constant power at varying f) requencies 15 delwered by the
audiophone to the tubimng

The bnaurals used 1n this 1y estigation were of the common commercial
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Fig 18 Artificial ears which simulate the acoustical impedance of the average human
®ar (From Rappaport M B and Sprague H B )13

design, with a length of 9 1n for each ear and a bore diameter of %{¢ n
An arbitrary tubing length, J, of 26 1n was selected, and frequency response
curves were obtammed Essentially, the length of the tubing may be dis
counted m this expersment because 1 compatison 1s made between tubes of
equal length but different caliber

Figure 19 shows the response curves of tubing whose caliber varies be
tween %4 and Jc4 1n The abscissa of the graph 1s expressed i frequency or
cycles per second of the applied tone, and the ordinate 1s expressed both n
dynes per square centimeter and 1n the equivalent number of decibels above
the threshold reference of 00002 dynes per square centimeter

The famly of curves shows

1 Tubing with a %8 1 bore 1s the most efficient from 115 down to 40 cycles per second
2 Tubing with a %y 10 bore 15 most efficient from 20 to 40 cycles per sccond but the
efficiency drops rapdly 1bove 40 cycles per second
3 Mtral diastolic mum;iw‘mﬂw'_QMs some sy <tolic mur
murs and the airial sound generally fall in the low frequency portion of the spectrum
0 to 115 cycles per second) The usual commercial stethoscope tubing which has a
46 m bore 1s less efficient 1n the range between 20 and 115 cycles per second by an
appreciable number of dynes per square centimeter of sound pressure which 15 apphed
to the observers ers
4 Resonant peak displacement occurs for tubing of equal lengths but different caliber
The smaller the caliber the lower 1s the frequency of the first resonnt peak the sime
pattern persists thereafter
5 Between 200 and 750 cycles per second the difference i effictency 1~ not as great
although the 74 n tubing seems to give 1 shghtly better sesult This portion of the
auscultatory spectrum ncludes the high pitched and medm mtched murmurs
/ & Above 750 cycles per second the tubing with the 34 i bore becomes most efficrent

J
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and the 31 and s 10 tubings are least efficient This portion of the frequency spectrum
has fieghgible utilty n casdiac auscultation rales do bave some frequency components
w this portion of the spectrum

/A /4w bore m the metal binaurals istead of the ustal 316 1 would furtber increase
u efficiency for card if

EFFECT> OF IMPROPER FITTING OF STETHOSCOPE 10 EARS
ON AUSCULTATORY EFFICIENCY

In 1952 twoof us (M BR and H B S )'® investigated the effects of leaks
at the observer s ears when improperly fitted ear pieces were employed on
the binaural attachment of acoustic stethoscopes The instrumentation for
evaluating the effects of tubing bore shown in figures 17 and 18, was used
10 (s expenment also

It has been shown that the optimal acoustic stethoscope should have a
binaural with a 4 in_caliber instead of the usual 3{¢ 1n which 15 common
to most commercially avatlablle stethoscopes The rubber tubwng which 15
interposed between the chest piece and the binaural should also have a cal
oer of 34 mnch Furthermore, the tubing should be as short as possible, con
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sistent with conventent handhng Qur experience mdseates that rubber tubes
approximately 10 mchs lo t verability for most cln
1cal apphications Therefore, 2 stethoscope with 10 inch rubber tubes was
sclected to evaluate the effects of leaks at the cars

Tigure 20 shows the frequency response curves for various types of leaks
at the binaural car preces of an acoustic stethoscope Curve A occurred when
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Fig 20 Frequency response curves of an acoushe stethoscope for various types of leaks

at the binaural earpraces of an acoustic stethoscope (From Rappaport M B and Sprague
H B2

no leaks were present at the ears Curve B resulted when a leak was made
at the artificial ear which did not have the sound pressure meter connected
to 1t The magmtude of the leak was a hole 0015 1 n diameter, as com
pared to & hawr diameter of approximately 0003 m It should be hept
mund that the alternate artifical ear 1s acoustically connected to the art
ficsal ear which has the sound pressure meter connected to 1t by w1y of the
stethoscope In curve C, the alternate ear was well sealed but 2 0015 sn
leak was present at the aruficial ear bemng measured Curve D resulted when
20015 i diameter leak was present at both ears Curve L occurred when
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the alternate ear was di-connected from the artificial ear The absoissa of
the graph 15 expressed sn frequency or €y cles per second over the ausculia
tory spectrum The ordinate 15 expressed in dynes per squate centimeter of
pressure measured at the artificial ear and the equn alent number of deabels
abore the average human threshold of hearing which 1s 00002 dynes per
square centimeter

In the very low frequency partion of the auscultatory spectrum—below
70 rycles per second—the fanuly of curves in figure 20 shows that

1t The maumum stechoscoprc cffictency re ults when no leaks ase present

7 The aver all efficrency of the stetboscope 15 slightly higher when the leak 1s 1n the
altemate artincl ear than when it 1s at the measured artificial ear This phenomenon 1s
of no clincal yalue but of academic intetest only

3 Leaks of equal size at both ears reduce the efficicaey by a considerable amount and
this efficiency diminiches rapidly as the frequency decreases

4 The most efficient condttion 1 the low frequency spectrum results when one of the

sfetho copic ear pieces 15 disconnected from the ear which effectively produces a very
Taree leak

Other 1mportant conclusions which can be drann from figure 20 are

1 The resonant peaks for the various conditions of leak are altered throughout the
awsedltatory pectrum

7 The large teak which occurs when one ear piece 15 left open to the arr impeoves the
ppateat eficiency from about /0 to 350 cycles per econd- This effect 15 nullified by the
miroduction of excessne room nof e which tend to mask the auscultatory sounds Also
e Fouity 1o hear auscultatory sounds with one ear is less than 1t 15 with tmo ears

3 “malt vanance i tethoscopic efficiency occurs betseen 330 and 1000 cycles per
teord for alt conditions according to measurement Howeser a mashing efiect due to the
Increased supenmposition of room noxce on the auscultatory soutds when leaks are present
s most severe 1n thus portion of the auscultatory spectrum

4 It 15 imperatnve to have wel] hited stethoscopic ear pieces for optimal auscultatory

)“ﬁ“‘“‘) s &} types of cardigvascular sound and murmurs are heard less clearly when
eaks are present
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sistent with convenient handling Our expenence indicates that rubber tubes
approximately 10 icheg lo at werabihity for most chn
1cal apphcations Therefore, a stethoscope with 10 inch rubber tubes was
selected to evaluate the effects of leaks at the ea';;

Figure 20 shows the frequency response curves for various types of leaks
at the binaural ear pieces of an acoustic stethoscope Curve A occurred when
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Fig 20 Frequency response curves of an acoustic stethoscope for vanous types of leaks

at the binaural earpieces of an acousfic stethoscope {(From Rappaporf M B and Sprague
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no leaks were present at the ears Curve B resulted when a leak was made
at the artificial ear which did not have the sound pressure meter connected
to it The magnitude of the leal was a hole 0015 1n m diameter, as com
pared to a hair diameter of approximately 0003 it It should be hept m
mund that the alternate artificial ear 15 acoustically connected to the arti
fictal ear which has the sound pressure meter connected to 1t by way of the
stethoscope In curve C, the alternate ear was well sealed but a 0015 n
leak was present at the artificial ear being measured Curve D resulted when
20015 m diameter leak was present at both ears Curve E occurred when
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INTRODUCTION

From the matensal presented thus far, m which the {actoss wmvolved n
aucenltation ate convdered from a phy<iologic and phy sical pomnt of view,
e may safely counclude that the human anditory system, when operating in
conyunciion With an acoustic stethoscape, has mant faults We have sug
gested everat modifications m design for atoustic stethascopes, with the
purpose of tncreasing the oser all auditory sensation eficienty for wmproved
auscultattan especially for threshold lesels?  No doubt ewsts that n the
futuce additonal munor tmprosements may be made However, after a
thotough study of tts physical behantor, 1t appears that there 1s httle room
for zathcal improvement becawse of the inflewible properties common to the
mstrument as well as 1o human heanng

Such a prediction concesmng the {uture of the acoustic stethoscope ap
pears bold but if average hearing 15 an unalterable constant, there remaims
only the acoustic stethoscope as the adjustable corpensator for the hmita
tions of normal beaning 1 auscultation The physical make up of an acoustic
stethoscope 1s not very flesible s 15 true of most pure acoustie systems
1ot recently a somewhat ssmular situahon exsted in the science of acous
tics Latrle progress could be made in the study of acoustics, or m the psy
chology and physiology of hearng beyond a certain point, becavse of the
mfleubibty of the purely acoustic or acaustic mechanical struments which
wese avalable Thr situation becomes immechately apparent if the text
boohs by Fletcher * Stevens and Davis® and Wever® are studred With the
adaptanon of electtomcs 1o acovsties snd allied studies in the psy chalogy
and physology of heanng a new approach to the subject has been opened

In a suntlar manner the application of electronue, electramagnetic, piezo
electric and capaaitise devices to auscultation has made possible a pract
cafly unfunited degree of freedom in the control of the over al performance
of pick up device ot transdorer ard ear, whereas 1n the case of the purely
i:‘:;‘:‘ 5\:?:&“3{* “E“b;:!) 1n the control of this performance 1» hmited

oo o gt c:te 5 :‘u dcf:em freedom of adjusiment 1 these electrome
o of the peret :: : ifications to be made 1n order 1y compensate for
ry falings of the human auditosy svstem
9
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INTRODUCTION

From the material presented thus far, m which the factors molied 1n
auscultation are considered from a physiologic and phyvacal point of vies,
we may safely conclude that the human auditory system, when operating in
conyunctron with an acoustic stethoscope, has many faults We have sug
gested several modifications n design for acoustic stethoscopes, with the
purpose of 1ncreasing the over all auditory sensation eficiency for improved
auscultation, especially for threshold levely! o doubt ewsts that, in the
future additional minor smprosements may be made Howewer, aiter a
thorough study of 1ts physical behavior, 1t appears that there s little room
for radical improy ement because of the snfleuble properties common to the
instrument as well as to human heating

Such a prediction concermng the future of the acoustic stetho cope ap
pears bold but 1f average heaning 15 an unalterable constant, there remains
only the acoustic stethoscope as the adju table compensator for the imita
t10ns of normal hearing in auscultation The physical make up of an acoustic
stethoscape 1s not very fleuble this 15 ttue of most pure acaustic systems
Until recently, a somewhat similar sstuation existed 1n the saience of acous
ties Lattle progress could be made an the study of acoustics, or in the psy
chology and physiology of hearing, beyond a certain pornt, because of the
nflenibihty of the purely acoustic or acoustic mechanical instruments which
were avarlable This situation becomes mmediately apparent if the text
baoks by Fletcher * Stevens and Davis * and Wever % are studied Viath the
adaptation of electronics to acoustics and allied studies 1 the psycholog,
and physiology of hearing a new approach to the subject has been opene

In 2 sumlar manner the appl; of electromic elect prezg
electne and capacitive desices to auccultation has made possible a pract
cally unlunited degree of freedom mn the control of the over all performanc
(;E;J‘:zhcup‘ d;\'me or transducer and ear wheteas 1n the case of the purel
gt s“ eﬂ\r d:sc&;:i eﬂex\b;:\‘) m ;be gomrol of this performance 15 limutec
ot b5 sllo certmh :1\1 dlcfl,mt reedom of adjustment 1n these electron
<o of the mmnin : odifications to be made in order to compensate f

ry failings of the human auditory system
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duced electronic types of amphifying stethoscopes All of these devices al
tered the quality and character of the counds <o much that auscultatory
techme had to be relearned and the over all improvement of the amphifying
stethoscope as a chmcal imstrument was nullified To 1941, tnoofus (MBR
and H B § )™ described the first amphifying stethoscope which did not alter
the quality and character of the percewed cardiov ascular sounds

Many mvestigators, realizing the clinieal imitations of human heaning
mad eatly attempts at recording the cardiovascular sounds ' *3 This study
has been continued by many otbers*** 3

Hurthle,™ 1n 1893, was the first to reguster the heart sounds graphically
He connected a microphone to a nerve muscle preparation, via an induction
coll thiy enabled hum to register on a smoked drum the apex cardiogram
and the first heart sound In 1894, Emnthoven and Geluk ' substituted a
capillary electrometer for the nerve muscle preparation These early expen
ments Were primutn e and actually antedated electrocardiography

The earltest recording stethoscope that had same clincal value was de
seribed by Eanthoven 1n 1907 (Fig 21) A typical stethoscope chest prece
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In spite of the fact that such unhimited compensatory adjustments may
make certain decided improvements 1n the form of increased audibility of
some physiologic and pathologic cardiovascular sounds, some of the, inherent
shortcomngs of human hearing cannot be overcome This auscultatory prob
lem 1s summed up by Wiggers © as follows

Most of the vibrations of the chest wall maugurated by the two sounds of the
heart have an amphtude and frequency which approach the auditory hmat, indeed
1t 1s probable that some of the vibrations are mcapable of being recognized by the
ear While the auditory appreciation for slow vibrations of low frequency lasting only
for brief moments can be cultivated by practice and trammng the average ear and
bramn have some difficulty i differentiating the finer differences 1 time frequency
and form shown to exist i graphic records When waves of several frequencies
intermingle the ear according to the inchnation or traming tends to pick out one
group and to suppress the other

In addition to what we may consider the normal faults of the human
auditory system mn auscultation, another important condition must be taken
nto consideration Often a physician who 15 under the impression that his
hearing 1s normal discovers that an audiogram shows peaks and valleys 1
the auscultatory frequency spectrum Many times these valleys fall well
below the threshold of hearing for some of the important sounds When an
average of a large number of subjects 1s taken, a cancelling out of these
peaks and valleys occurs, and as a result the average audiogram 1s more
smooth or umform than that of many individuals

Such shortcomings of hearing may be surmounted by supplementing aus
cultation with graphic recording A graphic recording system designed to
register the required frequency spectrum 1s immune to the many auditory
defects of the ear

HISTORY

At the turn of the century, attempts were made to 1mprove auscultation
by means of acoustic and electro acoustic devices The experiments as a
whole ended mn failure when purely acoustic means were employed An
electro acoustic system was devised which did succeed i amplifying the
sounds, but excessive distortion made the mstrument useless The electro
acoustic stethoscope operated on a principle similar to that of the telephone
1t consisted of a carbon granule microphone which modulated an electric
current, and this, 1n turn, excited a telephone receiver

Successful amplification of the cardiovascular sounds was made possible
by the development of the audion tube Although the history of e)ectremc
amplification dates back to the practical results obtained by de Forest” in
1907, the audion tube amplifier was not relable for chimeal auscultatory
application until much later

One of the earhest, practical amphifying stethoscopes was developed by
the Western Electric Company 8 91 1924 Several other experimenters pro
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Wilbams apparatus T g's ¥ phonocardiog ph employ ed ‘z :&2
denser tvp; of microphone, and Selts* * apparatus demp\ow: ':\::‘(cmmm
dynamuc type, operating with 2 muitistage amphfier and 3 mos \t gim oy o
gah anometer Howeser, even with the mpred ements |nc0r§0 af e
fiams, Seli, Trendelenburg Gamble and Replogle, and of ;rs,ﬁd ; kp o
cardrograph tid not reproduce cardiov ascular sounds with the fidel i
which they could be heaxd with the ordinary acoustic stethoscope or by am
medsate auscultation The telationship between hearing and recording was
e‘\lx:t:i?‘:;i“; * at first, we wsed a prezoelectne cry stal microphone with
2 rutltistage amplifier and & moing coll muTor gabvanometer, Tater substt
tuting an electrodvnamic microphone * Ty this method the carthor ascular
sounds could be reproduced without the shghtest noticeable alteration in
quality, using the apparatus as an amphiying stethoscope, and, 10 addition,
the sounds could be recorded simuhaneously with the electrocardiogram
and the sphy gmogram

GENFRAL CO\SIDERATIONS

An amplifying stethoscope, as the name indicates, 15 an apparatus which
15 capable of ncreasing the ntensity of sounds, this may be accomphshed
ether electnically prezoelectrically  electromeally  acoustically, mechan
1ally, electromagnetically, or by any combmation of these methods The
following are some of the most important factors that should be taken into
consideration 1n the design of an amphiying stethoscope

t The apparatus must be capable of repraducing the sounds ke an scoustical stetho
swope It mu t not alter the qual ty and character of the ounds from what 1s normally
heard wib an acoustica) stethoscopx. of accepted performance

2 The amphiying stethoscope muxt he free of any mherent powse and be wmmune to
the wfluence of external electrical minng diathermy machines x ray apparatus or house
:old apphances Inherent noie wm an amplifymg stethoscope rames the threshold of

EATING

3 Normal room noises and vibrations should not affecy the operation of the apparatus
1 the amphiving stetboscope 15 en ttixe to such extraneous ounds the thee hold of
beanng 1 rated

4 Ttshould be po ible 2o contral the Joudness of the sounds by means of a calibrated
loudne s cortrol whch 15 ea dy adjustable
5 ‘;nw ;ppamm x;us\ be fuce of feed back howts and squesls when the <hest pece or
ound psckup w it is brought mto the viom y of the heanng &
et ng device or rarsed away from

& The apparatus must be capabl, of withstanding rouzh handhng
7 It pay be advant.geous ta make tf

he amnhfying stethascope 1ndependent o
current but battery replacement 15 a mu ance g et of howse

3 The frequency respon e charactenstie of the smphfymg stethoscope should over
*Tte 1 trument:
St nentation wsed was made avalhble by the Scnborn Company Waltham AMages
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rheostat, these electrical pulsations were llowed to pass through the pn
mary winding of the transformer The transformed electrical pulsations
were led off the secondary winding of the transformer and passed through
the metallic coated quartz string of the galvinometer Ihe purpose of the
transformer w1s to prevent the direct polanizing current, produced by
the battery, from passing through the grlvanometer string The tension of
the galvanometer string was greater than that employed 1n mking electro
cardiograms, this allowed the string to sense the higher pitched cardio
vascular sounds The oscillations of the string were photographed 1 the
usual electrocardiographic manner, thereby productng a phonocardiogram,
as Linthoven preferred to call the graphic sound record Einthoven could
listen to the sounds by placing a telephone recemver across the secondary
winding of the transformer

Although the Einthoven phonocardiograph was capable of recording the
cardrovascular sounds graphically, 1t was far from being 2 satisfactory chn
1cal apparatus for the following reasons

1 Emnthoven could not produce a smaoth base line when no physiologic <ounds were
present because extraneous noises entered the svstem through the leak valve The carbon
particles in the microphone 1lso produced extraneous noises 1s 15 charactenstic of such
microphones

2 The transformer employed by Emnthoven mtroduced considerable distortion under
standing of audio transformer performance and design was practically unknown at that

time
3 The cardiovascular sounds heard by placing a telephone recenver 1cross the secondary
winting of the transformer were so distorted 2s to be hardly recogmzable

Einthoven, although decidedly handicapped by the lack of suttable ap
paratus, did succeed 1n obtaining much valuble information concerning the
nature of cardiovascular sounds

The earlier investigators met with some success mn registening cardio
vascular sounds by the direct method, which 1s a system employing the
physscal principles of the human eardrum The apparatus 1s usually com
posed of 1 stethoscope bell connected to a sensitive membrane by means of
a rubber tube The movements of the membrane produced by the cardio
vascular sounds are recorded by means of an opticil system focused on
moving photographic film The membrane m the direct system of heart
sound recording may be compared with the tvmpanic membranc of the ear,
and 1t 15 usually constructed of either thin rubber, mesentery irom the
guinea pig, gelatin, soap film, or 1singlass

One of the most successful early phonocardiogriphs was devised by H B
Williams % It consisted of an electromagnetic telephone receiver operating
1n reverse, as @ microphone The minute electrical pulsations werc then 1n
tensified by means of 2 four stage audion amplifier nd recorded with an
Linthoven string galvanometer The Western Llectric Stethophone described
by Gamble and Replogle 19 gperated on essentially the same principle as the
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electrical pulsations These mnute electncal pulsations ase pusid{ e:szt: ar;
electron tube amphiier, and the amount of amplhification 15 regula . f)ﬂm
Joudness control The audiophones, swhich are connected to the outp; of )
ampliber, econvert the strengthened electrical pulsations 1nto cound energy

PHONOCARDIOGRAM

A movng-carl (4 Arsonsal) gahanometer © ich 15 capable of responding
to the frequency spectrum of the sounds encountered 1 auscultatory norh
1s also connected to the output of the sound amphfier The galvanometer
coil which carres 3 mirror, deflects 1n response 1o the mtensified efectrcal
pulsations A beam of hight 1s reflected from the murror onto umformly
moving film or bromide coated paper w a by mograph The movement of the
mirror correspondingly moves the hht beam across the sensitized film or
paper The combination of the Jongitudinal mobion of the film and the
transverse movement of the hght beam produces @ graph of the sounds,
plotted against time (2 phonocardiogram}

ELECTROCARDIOGRAM

“The electrocardiogram 1s abtatned by directing the action potentials of the
heart mto a suitable leadswatching and cabbrating cirewt, amphiying or
strengtheming the munute currents and feeding them into another moving
conl gahy anometer, the frequency response charactenstics of which are smted
ta electrocardiography By means of a suiable opuical system, the move
ments of the galvanometer coil are recorded on the same sensitized film or
paper on which the phonacardiogram 1s registered, thereby producing a

1 electrocardiogram and ph hogs The galy
and optical companents must be so arranged that parallax does not ewst
Othermise simultaneous cardwovascular {unctions regsster with a temporal
displacement toward each othcr Verttcal ime marking hnes, together with
harizontal amplitude hnes are superimposed optically over the electrocar
diogram section Other atrangements of a more complex optical nature are
employed where the electrocardiographic recording 15 by beam instead of
shadow and the time and amphtude lines are then registered as black lines
on a whtte background The latter form of registration 15 more desirable, as
the beams can cross each other on the sensiized film and more than iwu
recording channels may be used without excessively widening the sensitized

paper or film

Micropions

The mvention of the telephone 1n 1876 marhed the beginming of the de-
velopment of devices capable of Convetting sound energy into elecmc;
:nergy The fundamental principles of nearly all microphones (techmcall
Entlm-n as electro acoustic transducers) which are 1n use today date bach ti
ell 5 fime but until recently, these microphones could not be used because
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come as much as possible the normal or pathologic hearing defects which may reduce
acuity i auscultation

The phonocardiograph, or heart sound recording mechamism, must be
capable of performing the following functions

1 It must record graphically all of the sounds that are audible with the acoustic stetho
scope

2 It must be capable of registering sounds that are easily mussed as a result of mashing
and other heanng characteristics that Iirmt optimal auscultation

3 Vhen there are no sounds such as during normal systole and diastole the base line
must be reasonably smooth

4 The phonocardiograph must be immune to all types of external electrical interference

5 The mstrument must be capable of simultaneously remstening at least one other
cardiovascular event such as the electrocardiogram or sphygmogram for timing the
events in the phonocardiogram W hen certain pathologic conditions are present the phono
card may be less or confusing without a simultaneously registered electro
cardiogram or sphygmogram

6 The electrocardiogram and sphygmogram must conform with accepted standards
and requirements

GENERAL COMPONENT RELATIONSHIPS (FIG 22)

AMPLIFYING STETHOSCOPE

The amplify ing stethoscope consists of a mucrophone which serves to con
vert the sound encrgy piched up at the precordium into equisalent, minute,

AUDIOPHONES
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n apparatus capable of p + and ph

9
and of amplifying the loudness g :ard:ovn:uhr sounds (From Rappaport M B and
Sprague H B 10
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funnél surrounded the wacrophone button The microphone was operated
hioned puliey and fastening the suction

by suspending the umt from a cusl P one button
bell to the patent s chest This arrangement placed the microp! e
w contact with the chest and thereby, provided for transmis 1on o]
sound vibrations te the coil The ibrating cotl, i turn, cut the hines l;‘f ou‘c
produced by the fixed magnet, celting up an electromotive foree 1 the CO‘I
The coil was electrically connected to a transformer, followed by an amph
fier asn the Walliams apparatus

The major improrement i the Sell microphone was 10 the constryction
of the chest prece, which eimmated to a Jarge extent the exiraneous noises
caused by shight shafting of the button on the chest The other undesirable
featyres of the Wilhams microphone were also present the Sell mcro
phone for the general nature of the twa was the same

The suction chest piece used by Sell functioned well when there was no
heavy grawth of hair on the chest However, when hur was present, the
suction could not be maintained, and the chest had to be shaved The apph
catton of an aly substance such as vaseline, to the patient s chest often
helped to maintain the sacyum 1f the hair was pot too dense

Trendelenburg* ** uced a phone which of 1 on the ¢lec:
prnciple It 1s better known as a condenser microphone In its sumplest
form a condenser microphone comprises a hght, stretched, metalhe dia
phragm spaced at a short dwstance from another paraliel, metallic plate
which acts a5 2 fived electrode A steady, direct-current, polanzing potential,
stich as that used with the carban granule microphene but of considerable
bigher value (usually about 135 volts) 1> placed across the parallel plates
through a sertes resistance The mmnute, alternating vaniations of capacity
caused by the movements of the diaphragm which, in turn are caused by
the heart sounds create a vanable 1mpedance which produces a pulsating
current that 1s equnalent 1 nave form to that of the heart sounds The
generaved pulsating currents of electricity flowing through the resistor which
15 connetted 1 senes with the mucrophone set up an equnalent pulsating

“oltage across the yewistor and this )s fed to an electrome amplifier and
mtenaified

The Trendelenburg microphane employed 2 suction chest prece similar 1o
that used by Sell wath the exception that sound \ibrations of the chest wall
were transnutted to the diaphragm through a column of aie mstead of by
cirect mechameal contact I rendelenburg s microphone was far superior to
the presiously mentioned types an that it ehinenated the tlectromagnetse
feed bach how! when an el ctromagnetic ear prece was employed However
o major faults sull remained namely
1 The characterstcally
Wares &t vt vf an dettr
Igher degree of wstabidity and wherent nowse 7 more ampliation sod a

2 When relatinely Rugh pressures are set Up 1 the aie column of 2 condenser micro

fow sensitivity of 2 condens ¢ mycr
ophone of this type neces
onic arplfier producing con iderabl: o



66 HEART SOUNDS AND MURMURS

they were not sufficiently sensitive The perfection of the vacuum tube
amplifier 1n recent years has made 1t possible to take advantage of many
of the desirable properties of these electro acoustic transducers

A microphone s an electro acoustic transducer which, when actuated by
the power in an acoustic system, will deliver power to an clectrical system,
and the wave form n the electrical system will correspond to that in the
acoustic system

When Cinthoven performed his experiments with the phonocardiograph,
electronic amphfiers were not known As a result, he was forced to employ
a microphone which was not dependent on electronic amplification The best
transducer available was the carbon granule microphone '™ ' As pre
viously noted, this type of transducer, when employed for phonocardio
graphic purposes, possessed many hmitations H B Williams improved the
Emthoven system by substituting a magnetic type of telephone recever to
the diaphragm of which a nonmetallic button was cemented The button was
placed 1n contact with the patient’s precordium, so that the sound vibra
tions were transmitted mechamcally to the diaphragm The vibrating dia
phragm, 1in turn, induced an equivalent electromotive force in the coil of the
electromagnet of the telephone receiver The coil was electrically connected
to 1 step up transformer which fed mnto an clectronic amplifier

Although Wilhams’ microphone was a decided 1mprovement over the one
employed by Einthoven 1n that 1t eminated the background nose caused
by the carbon granules, 1t possessed some undesirable qualities

1 The Wilhams microphone required a couphng transformer between the mcrophone
and ymphfier If a transformer 1s followed by a hughly sensttive amphfier minute alternat
ing current nterference may be picked up from electrical appliances by the transformer
amplificd and superimposed on the heart sounds This difficulty which was charactenstic
of the Willlams phonecardiograph can be circumvented at the present time by improved
transformer technices and electromagnetic shielding (see p +4)

2 lor auscultation a tclephone recenver was coupled to the binaural attachment of a
stethoscope  the recetver was connected to the output stage of the clectrome amplifier
When the telephone recerser wds not hept at a considerable distance from the micraphone
an clectromagnetic feed back took place and a howling sound was heard Improved
shielding technics chminate this fault

3 Considerable difficulty was encountered in subdumg extrancous noises causcd by
shght smifung of the microphone contact button on the patient s precordium unless the
microphone was carefully fastened with adhesne tape This 1s an awkward climeal pro
cedure

4 The auscultatory sounds heard through the binaurals did not have the quality and
character of those heard with an acoustic stethoscope The reasons for thiy sl be appar
ent from theory and data which will be discussed later (pp 6/ 68)

Sell, ¥ 1n an endeavor to improve upon the Williams apparatus, con
structed an electromagnetic microphone It consisted of a magnet and a
movable cotl The co1l was physically connected to a button which was mn
cantact with the patient’s precordium A double walled, suction type of
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4 The yopedan ¢ of a cry<tal element 1 such that a couphng transformer 18 not
mlsm:le.:e output Jevel (vohtage outpat {rom the mcropbone yersus sound pressure excita
twon) 15 high as compared with that of other tvpes of pucrophone elements

Tn 1940, Stordal ** described the phonocardiographic apparatus which
was used by Mannbemmer This apparatus employ ed a pezoelectne micro
phope of a rathes untque constructhion * 1t was composed ol a chamber, one
end of which was covered with a rubber diaphragm The rubber diaphragm
was placed on the precordium and movements corresponding 1o the sound
vibrations were produced 1 the diaphragm The mosements of the rubber
daphragm 1n tutn produced pressure vanations on a directly operated
prezoelectric crystal which transformed the sound pressures nto electnaity
Mannhestaer also nsed a cfosed chamber, 1 the form of a bell type chest
pece, on the same microphone, and he stated that the phonocardiograms
were generally regmstered without the bell To measure absolute sound amph
tude by means of calibration he used the bell

The phonocardiograph which we (M BR and HBS) desenhed i
1941 7 contawns a prezoelectric microphone of a different type The heart of
the mucrophore 1s a cartnidge or diaphragm piezoelectnic unit (Fig 23)

DIAPHRAGM

BIMORPH TRVSTAL-

*
FOIL™ cuppgat

CASE
CONNECTING WIRES
Fig 23 Cross se t katch of ¥
Rupearin :.d sn: :q:'c Hca ,'hl.op 10 electne crystal microphane cartiidgs (From

:t c;l)nixst.s ofa cuml]x’near diaphragm which 1s coupled directly to a bimorph

ochelle salt crysta] 13 thraugh a uny connecting tod, the crystal and
Connecting rod are Jocated in the mterior of the cartnidge When an act
force in the form of sound pres!

tating
stresses are set up in the cryst

iure :is apphed (o the duapheag, proportional
al, and 1t transforms these stresses mto
u
::;l elecimcal gotentxa\s which are conducted away from the cry:?al“;)
ans of metallic foil electrodes 1n contact
with ¢ The natural {r
v:lrathhe :xmorph crystal 1s approumately 10 000 cycles per second i(\"\}‘\i?\ci
bliragm 1s coupled 1o the crysta) (F1g 23) the natural frequency of the
* Mannfactured by Sure Brothers C
Mt 12g0 Mlimors USA (model numbe
P ‘::\’: acturtd by e Sanborn Company W attham Masszchuse?t‘smv E,? ! (the Stetho
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phone of the Trendelenburg type, as for example when the open belt chest piece 15
applied to the patient s chest, the diaphragm tends to be forced over to the other plate
clectrode Because there 1s a polarizing potential between the two electrodes of the micro
phone pitting of the metal takes place at the pomt of contact every time the electrodes
touch After a number of such contacts, the microphone may become noperative

‘The electrical impedance of a microphone may vary anywhere between a
few ohms and many hundreds of thousands of ohms, depending on the type
For satisfactory operation, the electrical impedance of a microphone must
match the impedance of the following circwt element In the electromagnetic
mucrophone, such as that of Sell or Williams, the impedance of the coil must
be properly matched The impedance of such a coil (depending on the de
sign) may vary between 1 few ohms and several thousand Therefore, 1n
order to match such an eclement to an electronic amplifier and to retam
maximum efficiency and 1 mimmum of distortion, a coupling transformer
must be mtroduced 1n such 2 way that the prnimary winding of the trans
former matches the microphone coil and the secondiry winding of the
transformer matches the amplifier

In a condenser microphone, such as the Trendelenburg type, the inherent
impedance 1s extremely high, and of the same order as the input of an elec
tronic amplifier As a result, no coupling transformer 15 necessary Thus,
some of the previously mentioned difficulties which were encountered by
Sell and Williams when a transformer was placed mn so delicate a location
were eliminated by Trendelenburg

In the early 1930s, the electronic industry started to perfect the prezo
electric or crystal microphone,'® ™ for radio and public address systems
A piezoelectric microphone 1s one 1n which the electrical output 1s dependent
on the stresses set up 1n a crystal of rochelle salt, quartz, or tourmaline In
such a device the output potentials are proportional to the stresses which
the sound pressures induce Rochelle salt, which 1s sodium potassium tartrate
with four molecules of water of crystallization, exhibits the largest prezo
electric actnty of all known crystals, more than one thousand times that
of quartz and tourmalne

Two general classifications of piezoelectric microphones are commonly
used 1 electronics, namely, the directly actuated ind driphragm actuated
types In a directly actuated prezoelectric microphone, the sound pressure
impinges directly upon the crystal, and in the diaphragm actuated type, the
sound pressure actuates a diaphragm which 1s mechamically coupled to the
prezoelectric crystal

The lectric crystal el t pc many characteristics which

make 1t suitable for phonocardiography

1 The prezoclectric crystal element s herently free of noses
2 The crystal element 1s small 1s light 1n weight and requires only stmple electro

static shielding
3 It does not require any polanzing potentials
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17 The fueh pass acousucal filter protects the crystat from sudden high pressures of ex
tremely low Irequency wch as those which are produced by applying the mictophone to
theche t

[n the Jogarthmic mucrophone, the acoustic high pass Rlter, fiening
charactensstics of which are dilferent with respect to frequency from those
of the acoustic filter mn the stethoccopic microplione, ntroduces, sn addition
the so-called * loganthmic frequency re ponse

A filter, whether at be electrical, mechameal or acoustic, 1s a system whech
will freely pass desired frequency spectrums, and highly atteauate neighbor
g undesired frequency spectsums Campbell ¥ 1n 1922, 15 credited with
having developed the electrical filter, Stewart,®? al 0 1922, was the first
to describe the acoustic types The mechanical filter has been employed in
vanous Linds of apparatus for many centunes The electacal wave filter
action has been further investigated by Zobel,”™® Johnsan*' and Shea*
the acoustic filter by Mason,'* and the mechamcal types, by Crandall 42
The most complete nvestigations on filtenng, action have been carned out
for the electrical type Hewever, analysis af the acoustic and mechanical
filters shows them to be simular to those of the electrical type

Figure 25 shons three equualent fiters shich passess low pass charac
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combination 15 lowered to a few thousand cycles per second which 1s well
above the upper frequency components encountered m 1uscultatory sounds

The cartridge 15 fitted into a case designed for phonocardiography (Iig
24A, B, wnd C) The mucrophone case proper 15 constructed to incorporate
what 15 techmenlly known as an acoustic high pass filter and two types of
filters are used to produce what we '* ! have termed stcthoscopic and loga
rithnuc responses (see p 103) The acoustic high pass filter m the stetho
scopic nicrophone serves two essential purposes, namely

1 It chiminates the effects on the microphone of the extremely low frequency vibrations

or motions of the chest wall which are not wanted These low frequency vibrations may
be studied with the lmear microphone 10 54 (see p 105)

?
code s ari

high pass flter and pieso electne
Fig 24 A Microphone case with built in acoushe
1 o B Manner in which carinidge 15 wnserted into microphons cass C Complefely as

cartndge (From Rappaport M B and

cembled microphone with a large open bell chest piece
Sprague H B110
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terna) aor and the air column which was under heart sound excitation eaused
-aneons norse
Re‘lt:i}f: ;:;e:(i:l:mnc microphone we used, ' the acoustsc filter channels are
«o constructed that they connect with a chamber hermetically sealed into
the microphone case, the chamber acts as a substitute for the exlema:1 :uhr
This type of acoustic filter has made posaible the necessary degree of }:S
pass filtering action on the heart sounds and chest wall vibrations, without
introducmg the slightest traceable extraneous noise
The four bells, or chest preces, s figuce 10 are used 1n conpunction with
the microphone  Each bell, 2s previousty desenbed, produces a dufferent
additional degree of filtering or selective wn of certawn {reg
The desired bell may be screwed snta the microphone case
T spute of the fact that the pezoelectnc microphone, with ats rochelle
salt erystal has mamy excellent charactersstics when used 1n phonocardiog
raphy and auscultation, a few undesirable charactenstics are nherent
Hurudity has sexere ¢itects on the rochelle <alt If the microphone 15 used
m climates where the hurmdity 15 low (less than 30 per cent) the crvstal
gradually debydrates and becomes 2 powder In locahties where the hummd
Wy 1s generally ugh (more than 84 per cent) the crystal gradually dissolves
\anufacturers of prezoelectric crystal elements apply protective toatings to
the erystals but experience has shown that these coatings do not afford
permanent and complete protection and the Iife of the microphone 1s hmxted
Piezoelecttsc crystal mucrophones are aftected by temperature also The
sensitivity of a crystal vanes to an appreciable degree with room tempera
ture and as a result permanent wntensity cahbrations cannot be attained
1{ the microphone 15 subjected to temperatures higher than 115° F  the
crystal 1s permanently damaged
\ crystal microphone cannot withstand rough handing 1§ dropped, st1s
Tikely to be permanently damaged The dropping of a micsophone 1n clinical
phonocardiography and auscultation 1s not an uncommon occurrence
A recent addition o the fanulv of prezotlectne substances 15 a ceramic
matenal made from banum titanate ¢ It 15 rendered mezoelectne in
the manufacturing process by bewng permanently polanzed with 40,000 1o
itg:gl‘:gztr:::exlme}:cr fu; a period of from ses eral minutes to an hour
o Hm\: pl }ixca Lconstanls of barium ttanate transducers 1s
Utanate are conslstel:lelr 1l et merophones which use barium
hose using rochelle sal:; :;5 5@):‘5:}'1“}: by approumately 18 dectbels than
compliance An 18 decrbel 1? oth have equal capacitance and mechanical
S5 18 sensitivity must be compensated for by
wncreasing the electronic amplification 18 dectbels or eightfold this amount
of addrtional amplification brings 1n objectionable amplifier noes which are
mast annoying when the instrument 1s used as an amphiying stethoscope
Alsa the banum titanate 1s just about as fragtle as the rochelle <alt cry 52,1

185
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teristics These filters are hnown as two element types because each element
contains two components The condenser 1n the electrical circnt, the cham
ber 1n the acoustic filter, and the spring 1n the mechanical filter perform
corresponding functions The nductance m the electrical filter performs a
function stmular to that of the duct i the acoustic filter and the mass 1 the
mechamecal filter Figure 26 shows three equinvalent filters which have lgh

VNt

LI

ATOUSTIO  (STEWART)

NPT output

MECHANICAL

CAPALITY

% é % ourhuT
INPut DuCTANCE

ELECTRICAL (CAMPBELL)

|

Fig 26 Equivalent high pass filters (From Reppeport M B and Sprague H B )10

pass characteristics Theoretically, a low pass filter should allow the pas
sage of electrical currents, velocities, and volume currents, mn electrical,
mechanical, and acoustic systems, of all frequencies lying between zero and
the filter cut off frequency, which 1s dependent on the constants of the filter
On the other hand, a high pass filter allows the passage of currents, veloct
ties, and volume currents, mn electrical, mechanical, and acoustic svstems,
of all frequencies aboye the filter cut off frequency

The carbon granule microphone employed by Einthoven in his phono
cardiograph possessed a simple, but crude, sort of high pass acoustic filter
Ethoven accomphished the filtering process by ntroducing an adjustable
valve (Fig 21) The fact that Einthoven allowed access between the ex
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Fig 27 A Audoph n with co er a d ol clromagnetic phons 1omo & B Manner n
wh ch slectromagn t  phone s ins rled inte vd ophane C Assembled aud opho # iFrom
R ppoport M B and Spr g5 H B110

to an acoustic system, and the wave form of the sound pressure 1 the
acoustic system corresponds to the wave form 1n the electrical system Tele
phone receivers may be diided to four general classes (1) electromag
netic (2) electrodynamic (3) electrostatic and (4) prezoelectric Complete
descnptions of the electromechantes of these electro acoustic transducers
may be found 1n most texthacks on applied acoustics? 140 347 telephony 14

—
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On the other hand, barmm titanate his excellent temperature sensitivity
stabihity, and can wathstand gh mperatures

In order to produce w "mphiying stethoscope and phonocardiograph
which cn be permanently calibrated, 15 rugged, wd possesses the mny
desirable charactenistics of 1 rochelle sAlt prezoelectrse merophone, one of
us (M B R) dewigned 2 modified form of the dynimic microphone * The
sensing element 1n the microphone 15 1 diaphragm to which 15 cemented 2
light coil of wire which 15 1n a strong magnetic field Ihis ty pe of transducer
requires 2 step up transformer hike the Withams and Sell nmcrophones nd
15 eqully susceptible to interference such 1s was described However, Rap
paport was able to shield the transducer clement and transformer with =
recently devdloped sron alloy known s mu metal which 1s specrally heat
treated  This form of shiclding overcame the difticulties wlich plagued
Wilhams and Sell Modern transformer techmes 1 core construction nd
corl winding lso have contributed toward reducing the interference

The sensitiyty of the combined dynamuc microphone and transformer 1s
about 6 decibels or twofold Iess than thit of the rochelle salt prezoelectric
microphone, 1 twofold increase i electronic amphification 1s not enough to
bring 1 the objection thle background disturbances mn the amphifier The
mucrophone 1s rugged tnd cn withstand considerable mishandling  The
sensitivity does not vary with temperature, can withstand high temperatures,
15 not affected by igh or low humudity, and does not require 2 hngh pass
filter to protect the sensing clement Togarithnue and stethascopic responses
are 1ttuned by clectricil means 1 will be expluned Ter (see p 102) The
microphone c1se and chest preces are similr to those used m the piezo
electric nicrophone exeept that the cwvty volume 15 less m the dynamic
mucrophone  Cavity volume can alter the frequency response of the heart
sound microphone and, thus, 15 m important parimeter n the design

/Aumomrom.

In n amphiying stcthoscope, the audiophone 15 the component winch
converts or transduces the amphified cleetrical pulsations into sounds such
a5 those which are normally heaed with the 1coustic stethascope (Fig 274,
B, md C) * Ihe three fundamental components of an audiophone are the
electro acoustic transduccr, the case, and the binaural

Ihe electro acoustic transducer 1s an clectromagnetic telephone recenver
of the draphragm armature type which can produee sound levels as Ingh 2
125 dectbels above the threshold level of 00002 dync per square centimeter
without overlonding  There are ccrtun auscultatory sounds which attun
sch magnitudes ® A telephone reccver 15w ekctro wcoustic trinsdueer
which, when actuated by an dectrictl system (the ampltfier, i the cse of
the amphfying stethoscope or phonocrdiograph), supplies sound pressure

* Manufrctured by the Sanborn Compamy Wiltham Mac wchusetts U ed dn the Twin
Team Cardictte and a later model of the Amplify Ing Stethoscope
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effects which may be considered equivalent to a resistive component This
effect 15 of small consequence i cardiovascular auscultatory worh, as the
frequencies which are encountered do not exceed 1000 ¢ycles per second
On the other hand, at low frequencies, leakage which may occur 1n an m
properly designed audiophone gives n<e to a reactine and resistive compo
nent This factor may vary from person to pesson if the ear preces of the
binaural are not properly placed or fitted It 1s an mportant consideration
in the action of the acoustic, as well as of the amplifying stethoscope An
hermetically sealed audiophone alse elimmates room noises which seem
greatly exaggerated, the same holds true for the acoustic stethoscope

AMPLIFIER

The phonocardiograph electrocardiograph amplifier we used (Fig 28) **
compnses two amphfier channels of entirely independent and different elec
trical charactenstics One channel possesses electrical characteristics which
are useful for amphifying the cardiovascular sounds, whereas the other chan
nel 1s surtable for amphiying the action potentials of the heart, such as those
with which electrocardiography 1s concerned

The amplifying systems of the phonocardiograph-electrocardiograph em
ploy thermiome vacuum tubes A thermiomic vacuum tube consists of an

Fig 28 The ph  caq
Spagu HB)I0 Bt oo d g aph ampl For (£ 0m Reppap + M g
. and
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and electrical engmeening '** The electromagnetic type, which was inyented
by Bell and perfected by others, was selected by Rappaport and Sprague as
the audiophone component because of 1ts simple construction, rugged nature,
ability to cover the required frequency spectrum, compactness, suitable 1m
pedance characteristics, and 1ts abtlity to reproduce the loudest auscultatory
sounds without overloading and distortion

The telephone recever first developed by Bell consisted of an electro
magnet which retained a residual amount of magnetism The strength of
the residual magnetic field could be modulated by the electric signal which
was allowed to pass through a coil wrapped around the magnet A steel
diaphragm, clamped at its aircumference and placed a short distance from
the pole pieces of the electromagnet, was caused to vibrate at a frequency
and to a degree which was proportional to the frequency and magmtude of
the electrical signal The draphragm action, 1n turn, set the surroundmg air
into simular motion, and this produced the sound which was percewved by
the ear Present day instruments operate on the same principle, but 1m
proved materals and design have greatly increased their efficiency

The only moving part 1n an electromagnetic recewver of the diaphragm
armature type 1s the diaphragm Although the system appears extremely
simple from a mechamcal standpoint, the theoretical analysis 15 complex
Investigations mto the theoretical performance of the telephone receiver
have been made by Crandall,'** Kennelly,"*® and Lamb ** All agree that
the mechanics of the draphragm closely resemble those of an 1deal, clamped,
aircular plate

In the design of the electro acoustic transducer which 1s employed 1n the
audiophone, a diaphragm with a fundamental resonance peak of approu
mately 1,000 cycles per second was selected Following this resonance point,
other resonances occur as the {requency 1s mncreased The fundamental reso
nance, and certainly the higher frequency modes of vibration, are well above
the auscultatory frequency spectrum, and, therefore, produce no 1ll effects

The acoustic system 1n an audiophone consists of the mertance produced
by the binaural system and the capacitance of the volume which 1s excited
by the diaphragm In an analysis of the action of an audiophone, the acoustic
system, as well as the mechanics of the diaphragm, must be considered

In an 1deal audiophone, the ratio of the sound pressure variation delivered
to the ear cavity to the voltage applied to the transducer, should be inde
pendent of the frequency If the assumption 1s made that the cavity of the
ear presents a constant capacitance to the audiophone, the ratio of the pres
sure built up m the ear cavity to the amplitude of the diaphragm vibrations
should be independent of the frequency It 1s intcresting that the independ
ence offered by the ear cavity to the audiophone at the higher frequencies
1s not purely capacitive, but that it becomes more so at the lower frequencies
This phenomenon 18 caused by the presence of standing wave systems be
tween the transducer and portions of the ear cavity, as well as by absorption
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well a3 that of the audiophone and microphone, affects the qualits of the
heart sounds as heird with the combination or amphfy g stethoscape

The electrocardiograph amplifier channel operates on the same principle
as the phonocardiograph amplifier, in that both are resistance-crpacity
coupled However, the electrocardiograph amplifier pos exses 1 time constant
which permuts all frequencies encountered sn electrocardiography to be
amplified without the slightest degree of attenuation or accentuation

The amphfier system shown in fizure 28 15 powered by dry battenes
More modern versions are shown 1n figures 29 and 30 which are components
of the Sanborn Twin Beam Cardiette, these amplifying systems are powered
{rom alternating current mains or house current

Fig 29 Photogr bh of  phonacs d
W iltham Matsach 3 b 1 <0 09 o8k ampl For 1Courbery of Sunba Company
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cvacuated enclosure containing a number of clectrodes, between two or more
of which conduction of electricity through the vacuum may tahe place The
three most essential electrodes 1n a thermionie vacuum tube which 1s sut
1ble for amplification are the cathode, gnd, wnd anode

The grid 15 mterposed between the cathode and the anode, and controls
the flow of current between them That 1s, normally, clectrons from the
heated cathode flow between the cathode and the anode, but 1f a potential 1s
apphed to the grid, making 1t negative with respect to the cathode, the
current flowing between the cathode and the anode 1s reduced proportion
ately to the amount of gnid negatnvity A change 1n gnd potential has a great
effect on the a1mount of current which flous between the cathode and the
anode If a resistor 1s placed i the inode circwit so that the anode current
variations are allowed to pass through the resistor, 1 proportional voltage
vanation takes place 1cross the resistor Thus, the voltage variation across
the plate resistor 1s stmular to the gnd voltage variation, but 1s amplified

When a greater degree of amplification 1s desired than can be obtained
with a single stige or tube, wdion tubes may be combined to form 1 multy
stage or cascade amphfier The tubes of succeeding stages of 1 cascade am
plifier may be interlinked 1n proper sequence through some medium which
transfers the intensified signal from one stage to another for additional
intensification without affecting the operation of each indidunl stage

The anode circutt in each tube of a multistige amplificr must be closed
by some form of impedance or resistance, this 1s also true for a single stage
amphfier The signl potential that mamfests atself across the impedance
load 1s then impressed on the grid of the next tube or stage There re several
types of multistage imphifiers which are classified according to the anode
load impedince circwt,’® such as resistance capacity coupled, impedance
capacity coupled, direct coupled, and transformer coupled

The resistance capacity coupled circutt emploved 1n the phonocardiogriph
amplifier channel * © comprises the arrangement in which the anode load 15
1 pure, ligh resistance The gnd aircwt of the succeeding stage 1s also com
posed of a pure high resistance 1he gnid and anode resistors are Iinked by
a condenser which 1cts as 1n 1soliting medum for the direct current po
tentials 1n the grid and anode circmts Should the direct current potentinls
which control the operation of the amplifier stages intermingle the amphfier
as a whole would not function properly, 1f at 2ll The signal potential, which
1s of an alternating character, 1s capable of passing through the condenser

The degree of amplification of the signal depends on the amplification
provided by the tubes in the vrious stages, mn addition to whatever attenua
tion may take place 1s a result of the relationship of signal frequency to the
resistance capicity vilues employed for coupling The relationship 1s com
monly hnown 1s the time constant, or frequency response characteristic of
the amphfier The frequency response charictenstic of the amplfier, =s
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chest pleces troduced dhfferent tonal qualities, as well as vanations 1n
intensity

“The next step was to mvestigate the nature of the two most commonly
used chest pieces namely, (1) the open bell, with a diameter of one inch,
and (2) the Bowles, or diaphragm type, with a working diameter of one
and three eighth inches

There was a shight vartation 1n tonal qualty and intensity when the most
commonly used stethoscopes which employ these two chest preces were com
pared The general consensus of cardiologists was that, although a noticeable
difference 1 tonal quahity ewsted 1t was not sufficient <enoush, to affect
general auscultatory technic

Ve obtained frequency response charactenstic cunves for the vanous
popular makes of stethoscopes which employ the two chest picces, and a
mean frequency response charactenstic was calculated With this average
cune as a basis, we constructed an amplifsing stethoscope with a {requency

respanse charactenistic which was 1dentical to the theoretically average
stethoscope **

;.g ':n s;l. mtedag mof apparat s used for
act rxtes of aco st steth,
oy e o oo st stlhoscones and amplty g3 4

ampe s g frequency 3
ponte ch
hoscopes tF ‘m Reppaport b 8
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1
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Fig 30 Photograph of an electrocardiographic amplifier (Courtesy of Sanborn Company
Waltham Masssachusstts )

thorough study of all available iterature pertamning to amphifying, acoustic,
or recording stethoscopes prior to 1941 '° reveals a surpnising lack of refer
ence to this aspect of the subject A still more surprising fact 1s that there
are no set standards to follow, this 1s certainly a umque situition when
considering the importance of correct design tn an nstrument which 1s so
widely used

The primary requirements for any hind of stethoscope which 1s to be used
by a competent observer with normal hearing are as follows

1 The stethoscope must be capable of transferting all of the sounds from the patient

to the observers ear
2 The transferred sounds must possess a quality or pitch of such a charcter as to be

familiar to the observer
3 The stethoscope must possess a means of relatively attentuating certain portions of

the auscultatery frequency spectrum in order to reduce masking cffects

To obtain a starting point 1n our effort to ascertain the optimal frequency
response of a stethoscope, two of us (M B R and H B S) ' made a study
of the acoustic stethoscopes which had been on the marhet They were found
to vary n tonal quality, and, tn addition, the various commercially available
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amplifying stethoccopes are bemg marketed ta this day which alter the
quahty of the auscultatory sounds 1 the mannes described The fow pitched,
raspy effect 15 more common i the electrical stethoscopes on the marhet
than 1 the acoustrcal yaneties because 1t 18 e to accentuate low miched
sounds mith an amphiving <vstem whereas, in the acoustical stethoscope,
the low prtches are hited 11 relatis e intensity by the phy sical natuse of the
apparatus If extreme care 15 not tahen by the manufacturer 1o duplicating
the frequency response of the aserage acoustical stethoscope, the ampldy
tng stethoscope alters the quality of the succultatory sounds

EFFFCTS OF SQUND INTENSITY 3 ARIATION

1t has been shown that average human heanng 1s most sensitive to vana
11008 1n sntensity above 50 decibels and gradually becomes less sensitne at
the Jower sensation lesels Thus charactenstic of heanng 1s mportant in
auscultation for the sntensity level 15 often 10 decibels above threshold, or
1ess, and the frequency spectrum which 15 imolied 15 at the lower extrenuty
of the human heanng range 1t s well to vepeat that, with a frequency of
60 ¢y cles per second an infensity vanauan of 20 per cent 1s just perceptible
when the sound level 1s 50 deaibels, and 2 vanation of as much as 200 to
300 per cent 15 necessary when the ntensity level v 10 decibels above
tbreshald

Although a hipher sensation level requires less of a frequency change for
Tummum perception, the ability of the auditory svstem to detect changes
m frequency at the lower levels of mtenaity 1s not so poor as its abty 1o
percewn e variations m intenstty

1t has also been pointed out that the intensity of sounds beatrs an wn
portant relationshup to masking pitch and <o forth Stesens and Davis! *
in thesr discussion of this phase of heanng stated !

1t has been the traditional view of psychalogy that the attributes of sensation show
a one to ope corre pondence to the dimen<ions of the sumulus Some suth view 13
ala mplicit 1 the nanve eps temolory of the pvucst He tends to think of p ch as

if 1t were the perception of the frequenty of a ton,
e but
that view mum ke dificultes The pich of 2 e e seem it boldurs of

pure tone ¢

changing o frequency lkewie the loudne s of a tnn: n::; i;ce:\‘l;::: :‘Yi:m“

taun g us Mtensity Pitch 1s 2 function of teg physical artables frequen o

iwte sity loudnes 15 a different function of the “are two caruables Bol: pnc}: m:
ch an

Stevens and Davis further stated

Several wnters dunn,
g the last entyry have {)
L
:ﬁ;::::i :»Z' ba:\ bapparent Jarge ess or :mum::e:id"hﬁ'rﬁdlnmn o B2
1gger than the hugh €urp of 1 cacket even whe: lt:l): i:u?ifnna“
'S5
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tion of the charactenistic curves of the chest pieces m figure 12) A
theoretical frequency response curve for an amplifying stethoscope (not
mcluding the modifying effects of the chest pieces, which are capable of
reproducing the sounds as they are heard with the theorctically average
acoustic stethoscope) 1s shown 1n figure 32 The construction of an amplify
ing stethoscope which has - frequency response charactenstic identical with
the theoreticil one of figure 32 1s practical, and this feature has been m

20

%

C 75 8 W 01 700
FREGENGY N CYOLES MR SELORO

Fig 32 Output of amplifying stethoscope versus input to microphone omithng character
ishies of chest prece Ordinate plotted 1n per cent of response instead of in decibals to
accentuate graphically the degree of slope (Fram Reppaport M B snd Sprague H B} 10

corporated 1n the 2pparatus It 15 well to mention that a shght varrtion 1
the slope of the curve below 200 cycles per second 1s sufcient to alter con
siderably the quality of the sounds 1s they are heird with the rmphfying
stethoscope A variation of considerable degree 1n the slope of the curve
above 200 cycles per second produces httle effect on the quality of the
auscultatory sounds

An amplifying stethoscope with 1 frequency response curve which 1s flat
ter bclow 200 cycles per second thin the graph of figure 32 has 1 tendency
to convey the sounds to the observer's ears {especinlly the low pitched,
mutral diistolic murmurs) with a raspy effect This foreign qualty 1s so
different from what 1s normally heard with the 1coustic stethoscope that
at times, the observer his the feeling that the time he spent mn perfecting
his auscultatory techmc was wasted, unless he heeps gomg back to his
qcoustic stethoscope This has been the myor difticulty with electrical steth
oscopes, 1t 1s no fault of the system, but of the basic design of the appratus
An interesting fact 1s that, although we described this phenomenon in 1941,
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the indindual 15 nat practical except with an amphiing stethoscope which
hae an adjustable and calibrated intensity control and 1m which the nwcsa
phone, amphbes, and audwphone Possess fixed sensitvity characteristics

SOUND FII'TERS

An acoustic or electrical filter system may be used with the efectronic of
amplifving stethoscope as an ad 1 mmmizing mashing effects Acoustic
fitenng 15 accomplished by means of the open bell and diaphragm chest
peces, which can be attached to the macrophone Flectrical filtering 18
obtained by msertmg 2 Campbel filter, ox any of the well known modifica
tions of the Campbell filter, between the microphone and the audiophone

Todge and Fredrich 5 first employ ed the Campbel filter in an amphfy
\ng stethioscope ‘The filter was composed of a series of high pass and low pass
filters By wmeans of 1 swtable switching system, any filter or combina
tton of filters could be wnserted 1nto the amphfier circutt ta atlow any desired
tow mediem, ot gh portion of the auscultatory <pectrum ta pass to the
translating device The amplifier proper had a frequency response charac
tenstic that was flat over the auscultatory range In 1940, Mannhewmer
described a sy stem simlar to that of Dedge and Frednch and such a system
15 manufactured by Elima of Stockbolm

From the physteist’s point of viery, the Dodge and Frednel? * system 15
an excellent nstrument for analyzing the frequency components of sounds
Wilhams and Dodge* 4 and Cabot and Dadge 3 ntihzed the apparatus as
an auscultatory wate analyzer with noteworthy vesults, and Mannhesner
has shown good phonocardiographic sesults On the other hand, the chmgal
u ¢ of the apparatus 15 limited by the fact that 1t alters the qualuy of the
ounds a5 compared o what 15 heard wath the ordmary acoustic stethoscope
The modification of tonal quality occurs because of a deviation from the
over all frequency respon e of an acoustic stethoscope Furthermore the
sharp cut off charactenstics of the Campbell filters which are dessrable
when the mstrument 15 used as a cound wave gnalyzer, produce additional
mashed modifications to the y sound effects

For opumal results a stethoscope whether 1t be electrical or acoustic,
should possess a frequency tesponse characteristic smilar to that of the
average commercial acoustic stethoscope minus the modifying effect of the
chest prece The filters, whether they be electnical or acoustic should

modifying frequency response charactenstics milar to those obt; .

open bells of various diameters and diaphr: ained vtk

phragm chest pieces made of plastic
matenals In other wo ds the function of a filt pae
er tn 3 steth

ehiminate a certain band of sound frequencies b cihcsoope 1s not to

o er all respon e of the basic cure shawn mf; u‘j‘; Mer the slape of th

ate & certain portion of the spectrum gure 32, and relatively attens

Normally cardiovascular sounds are nat pure tones but noise:
£

and are
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of the two are equil This subjective aspect of 2 tone 15 known as volume (The
radio engineer speaks of the volume of a sound, or of the “olume control of a radio
set but he means by volume what we should properly calt mtensity )

In order to illustrate the manner 1n which these characteristics of hearing
are related to auscultation, let us assume that a certain heart lesion 15 pres
ent 1n an emactated person, an obese person, a heavy, “barrel chested”
man, and a person with a chest of normal proportions Let us further as
sume that the intensity, pitch, and quality of the heart sounds and murmurs
are 1dentical at the source 1n each case Because of the different transmus
sionat characteristics n these individuals, the mntensity of the sounds, as
they are heard on the surface of the chest with the same acoustic stetho
scope, vanies deadedly As a result of the ntensity modification alone,
sounds that are audible i the normal and emaciated persons may not be
heard at all when the stethoscope 1s applied to the obese and “barrel
chested” patients

If the acoustic stethoscope employed mn these cases had an adjustable
intensity control, and the intensity levels were the same 1n all (approxi
mately that of the sounds heard in the patient with a normal chest), 1 con
siderable percentage of the distortion, or modification effects, would be
ehminated Also, certain possible mashing effects could be reduced by
shghtly varying the intensity above or below that of the sounds heard over
the normal chest, a noticeable vanation 1n quality and prtch would also be
apparent at the various hearing levels Obviously, the acoustic stethoscope
does not lend 1itself to adjustable intensity control, whereas the amphiying
stethoscope 1s capable of such control

From this discussion 1t should be obvious that an amplifyimg stethoscope
1s not an mstrument to be used primardy for making sounds many times
loudcr than they can be heard with an acoustic stethoscope The major
advantage of the amplifying stethoscope over the acoustic stethoscope s
that the intensity can be adjusted as desired, and thus @ number of modify
ng charactenistics which cannot be overcome with the acoustic stethoscope
are clinunated The wtensity of keart sounds 1 g normal young person, as
percerved by auscultation with an acoustic stethoscope 1s approxumately
optumal from a standpomnt of masking, pitch, quality, and accustomed usage

of the oldcr acoustic stethoscope

Because of deviations 1n the individual physician’s hearing from the
“ayerage normal threshold curves of audibility” (Fig 3), 1t 15 obvious
that, mn any given case, the sounds heard by a group of tramned observers,
employmg the same acoustic stethoscope, will not register denticaily, al
though the hearing of each may be considered normal The most marhed
vanations from normal are found 1n the presence of impaired hearing An
1ncrease i the sensitivaty of the stethoscope, to compensate for the decreased
acuity of hearing, brings back the auscultatory heenness of hearing which 1s

SO necessary In chimcal cardiology At present, such compensation, to suit
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the tndiadual, 1 not practical except with an amplify ing stethoscope which
has an adjustable and calibrated mntensity control and n which the micro
phone amplifier and audiophont possess fixed sensitnuny charactensucs

SOUND HITERS

An acoustic ot electrical filter system may be used with the electronic or
amplifying stethoscope as an ad 10 Mimminng masking effects Acoustic
filtering 15 accomplished by means of the open bell and diaphragm chest
pieces, which can be attached to the mucrophone Electneal filtening 1
obtamed by nserting, a Campbell filter, or any of the well known modifica
tions of the Campbell filter, between the mucrophone and the audioph

Dodge and Fredrich ™ first employed the Campbelf fifter 1n an amphiy
wgstethoscope The filter was composed of a seties of ligh pass and ow pass
filters By means of a swtable switching <ystem, any filter or combina
tron of filters could be inserted 1nto the amplifier cirzmt to allow any desited
low medm or agh portion of the auscultatory spectrum to pass to the
translattng device The amplhifier proper had a frequency response charac
terstic that was flat over the auscultatory range In 1940, Mannheimer
described a system siular to that of Dodge and Fredrick, and such a system
1s manufactured by Flima of Stockholm

From the physiist's point of view the Dodge and Fredneh U 3 sy stem 15
an excellent wstrucent fat analyzing the frequency compenents of sounds
Wilhams and Dodge ! * and Cabot and Dodge ™ utlied the apparatus as
an auscultatory wave analvzer wath noteworthy results and Mannheimer
has shown good phonocardiographic results On the other hand, the clinjeal
use of the apparatus 1s hinuted by the fact that 1t alters the quahty of the
sounds as compared to what 1s heard with the ordwary aconsiie stethoscope
The modification of tonal quality occurs because of a deviation fram the
over all frequency response of an acoustic stethoscope Furthermore the
sharp cut off charactenistics of the Campbell filters whick are desirable
when the mstyument 15 used as a sound waye analy zer, produce additional
ma;ked il "I nu;: to the v sound effects ?

or optima} results a stethoscope shether it
should possess a !{equency Tesponce chamclemnbcesf!l:ﬁ?r‘cﬁ ‘:;;:C?)\[KS::‘;
average commerctal acoustic stethoscope
chest piece The filters whether they bs e)i::::ﬂts: :c‘zg;gznghe“eu of the
modifving frequency Tesponse charactenictics simnfar (o tho o possess
open bells of vanous diameters ang diaphragm chest e blained with
m neces made of plastic
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of the two are equal This subjective aspect of a tone 1s known as volume (The
rado engeer speaks of the volume of 2 sound or of the “volume control of a radio
set but he means by volume what we should properly call ntensity )

In order to illustrate the manner in which these characteristics of hearing
are related to auscultation, let us assume that a certain heart lesion 1s pres
ent 1n an emaciated person, an obese person, a heavy, “barrel chested”
man, and a person with a chest of normal proportions Let us further as
sume that the intensity, pitch, and quality of the heart sounds and murmurs
are 1dentical at the source 1n each case Because of the different transmis
sional characteristics n these indviduals, the mtensity of the sounds, as
they are heard on the surface of the chest with the same acoustic stetho
scope, varies decidedly As a result of the intensity modification alone,
sounds that are audible 1n the normal and emaciated persons may not be
heard at all when the stethoscope s applied to the obese and “barrel
chested” patients

If the acoustic stethoscope employed 1n these cases had an adjustable
intensity control, and the mntensity levels were the same 1n all (approu
mately that of the sounds heard in the patient with a normal chest), a con
siderable percentage of the distortion, or modification effects, would be
elimmated Also, certain possible mashing effects could be reduced by
shghtly varymng the intensity above or below that of the sounds heard over
the normal chest, a noticeable variation i quality and pitch would also be
apparent at the vanous hearing levels Obviously, the acoustic stethoscope
does not lend 1itself to adjustable intensity control, whereas the amplifying
stethoscope 1s capable of such control

From this discusston 1t should be obvious that an amplifsing stethoscope
15 not an mstrument to be used primarily for making sounds many times
londer than they can be heard with an acoustic stethoscope The major
advantage of the amplifying stethoscope over the acoustic stethoscope 15
that the mtensity can be adyusted as deswred, and thus a number of modify
mg charactersstics which cannot be overcome with the acoustic stethoscope
are elimmated The mtensity of heart sounds 1w a normal young person, as
percewved by auscultation with an acoustic stethoscope, 1s approximately
optimal from a standpomt of masking piich, quality, and accustomed usoge
of the older acoustic stethoscope

Because of deviations in the mdividual physician’s hearing from the
“ayerage normal threshold curves of audibiity” (Lig 5), 1t 15 obvious
that, 1n any given case, the sounds heard by a group of trained observers,
employmg the same acoustic stethoscope, will not register dentically, al
though the hearing of each may be considered normal The most marhed
variations from normal are found 1n the presence of impaired heating An
increase in the sensitivity of the stethoscope, to compensate for the decreased
acuity of hearing, brings back the auscultatory heenness of hearing which 1s

0 necessary In chnical cardiology At present, such compensation, to surt
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THE LOUD SPE AKER

A loud <peaker system * designed to operate with the amphfying 5!5;}10
scope, 1s shown m figure 33 ', 1t 1s uceful principally for teaching Most
3

Fig 33 A loud speaker system for auseultatory applications {Caurlesy of Sanborn Com
pany Waltham Massachusotts )

1 The combinations of microphone amplifier ang lotd speaker did not, POS €ss an over
all frequency response sumilar to that of the ordinary acoustic stethoscope
cardiorascular sounds
3 Imanably the power handling abipy of the Joud
were insufficent to reproduce the I2

speakers and power amplifiers
ardiovascular sounds w
0o overloading distortion

1th sufficient intensity and wyh

The form of distortion that may be ntroduced b
cussed presiously (see p 82) A loud speater whi
frequency response over the Auscultatary spectrym
audiophone previously described alters the quality of
average radio loud speaker has a Tesonance peak of
or less As aresult, a booming character s imparted
heart sounds producing a tom tory drum effect This drum elfect, il
tion to altering the quality of the heary soundy, deadedyy masks :m, St
and diastohie murmyrs that may be present The Joud speaker 1n }ﬁ:i::.o;lg

Manufactured by Sanborn Company Waltham Massachusetys

Y item 1 has been dys
ch does not possess a
similar to that of the
the heart sounds The
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10 the first ang Second
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therefore, composed of a conglomeration of unrelated frequencies of multy
tudmnous intensittes Each component frequency performs a distinct function,
n that 1t imparts 1 distingwishing quality to the cardiovascular sound Al
though 1 cardiovasculir sound may appear high pitched, wave analysis
usually shows that 1t comprises low, 1s well as high frequencies, although
the ugher frequencies predominate In cases where the cardiovascular sound
appears to be low pitched, the reverse usually holds true

To mimmize the mashing effects that a more mtense and lower pitched
sound may produce on one of igher pitch, s, for example, in the case of
the ditstolic murmur of aortic nsufticiency, 2 relative attenuating effect on
the intense lower frequency components of the second heart sound would
reduce the masking and fatigue effects on the tuditory system and would
mahe the funt high pitched diastolic murmur appear more distinct For
best results with the Dodge and T'redrich filters, using sharp cut off, lngh
pass filters, the most surtable pamt of cut off depends on the component
frequencies of the sounds Considerable yariation 15 found n the relatne
proportions of high and low frequencies in murmurs of 1ortic regurgitation
On the other hand, 1 filter such as the Bowles diaphragm chest piece, which
progressively attenuates, but does not eliminate, the lower frequencies, 1s
obwiously less critica] and more smtable for chimeal use A modified Dodge
and I'redrick filter system with 1 continuously adjustable cut off filter may
be employed Confusion may arise with such a filter becwuse of the difticulty
1 sclecting and reproducing the optimum cut off setting in routine chimeal
work

In some cases where the qortic diastolic murmur was extremely high
pitched and at threshold level, we have been able to register the murmur
more distinctly by using 1 thicher diaphrigm (0035 1) m the Bowles
chest miece or by mserting a high pass electrical filter which, additionally,
relatively attenuates the low frequencies but does not elminate them Al
though the quality of the auscultatory sounds 1s altered, mashing and
fatigue effect are reduced 1n auscultation, 1nd the signil to noise ratio 1s
mproved 1n the phonocardiogrim This procedure 1s of help n determuning
the presence or 1bsence of a threshold aortic diastolic murnur of nsufh
ciency  providing duc consideration 1s given to alterations in the other cardio
vasculr sounds

Campbell filters, or theirr modifications m1y be so designed that they
reproduce the frequency response characteristics of open chest pieces of
various sizes as well as of dirphragm types, the chest piece with the lowest
pitch 1s employed, nd the auscultatory equis alents of the higher pitched
chest pieces 1re obtained by mscrting the equnvalent electrical filter

The choice between an acoustic filter wnd an clectrical filter therefore
reduces 1tself essentitlly to a question of economics Obviously, the acoustic
filters are less costly and less massie Also, the climictan 15 more familiar

with the acoustic filter system
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BONF CONDUCTION TRANSDUCT RS

A swtably designed bone conduction transducer may be ustd 1 place of
the audiophone for comverting the amphified clectrical pulsations into sounds
The partially deal physician whose hearing 1s more emcient by bone con
duction than air conduction obviously can benefit by this arrangement

THE PHONOCARDIOGRAPH

The mannet w which the cardiovascular sounds are graphically recorded
on sensitized photographe paper ot film has been described (1ig 21) When
stethoscopic response ts desired 1n the phonocardiogram, the same electnical
putsations which ate applied to the audiophone are applied to the d Arsonval
galvanometer and recorded graphically Thus, the cardinrascular sounds
may be heard durning the process of registration The abehity 1o hear the
sounds dunag registration 15 most important 1a good phonocardiographic
technic, as correct locatton of the chest piece, detection of leaks between
chest piece and precordium, detection of nonco-operation of panent m he

uspencion of breathing, and so forth, are essential When “logarithmue”

h d are r d, 1t 15 preferable that the filter not modify
the sounds 1n the audiophone but in the gal ter airewt only  Actually,
the human auditory system acts lihe the loganthmuc filter and galvanometer,
and if the audsophone should ntroduce the effects of the logarithmue filter,
in addition to the logarthmue effects of heaning, an undesitable auscaltatory

effect would be produced and an unknown relationship would ex:st between
the sounds as heard and recorded

THE SPHYGMOGRAPH

In certam cases, a ] Ty i

dogram and elec
trocardogram may not supply sulicient mormation for a complete analysis
of a1l the events of the cardiac cycle An add, 1 I 4
of a sphyg and pt d: or all thre .
8 ): 3 e together, must be

resorted to I two of the phenomena are registered at the same, time, the
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1s totally frec of such resonance peaks in the auscultatory regron and 1s fl:
m response down 10 29 cycles per second

We have observed that a loud speaker system must be capablc of handlir
a mimum of 15 watts mn order to reproduce the heart sounds without di
tortion n the average amphitheater or classroom On first thought, so muc
power seems unnecessary However, the large excursions of the loud speahe
dhaphragm which are produced by the first and second heart sounds sho
that a large amount of power 1s being fed nto the loud speaher The reaso
the diaphragm excursions do not produce terrifically loud sounds s tha
human hearing 15 espectally deficient in the frequency spectrum where thes
sounds occur

In order to deliver sufficient power to the loud speaker, a power amplifie
must be iterposed between 1t and the amplifying stethoscope The amplifie
must not modify the over all frequency response characteristic of the sys
tem, that 1s, it must possess a flat frequency response over the ausculta
tory range

Chnical tests have shown that, even with an optimally designed Ioud
speaker system, reproduction of the sounds can only approach the quahty
as 1t 1s heard with an acoustic stethoscope or an amphfying stethoscope an
audiophone Room acoustics may produce a modifying effect, and at no time
can the closed system of hearing, as 1s obtained with an acoustic stethoscope
or audiophone, be reproduced Thus, the very low pitched cardiov-scular
sounds are not as well heard via the loud speaker, but the medium and
higher frequencies are well reproduced It has also been observed that hear
g efficiency 1mproves for the low pitches if the observer comes closer to
the loud speaher or hstens in @ small room It appears that the reason for
this phenromenon 1s that, at very low auscultatory frequencies, the sense of
auditory feel plays an umportant part A closed binaural conduction system
increases the efficiency of auditory feel for the low frequencies, while there
1s reduced efficiency of auditory feel with a loud speaker system which must
operate 1n a large volume field

When operating a loud speaher stethoscope, one must be careful of feed
back howls or osaillations If the patient 1s in the same room as the loud
speaher, and 1f the microphone 1s raised away from the precordum, an
oscillatory howl will occur This oscillation occurs as a tesult of an acoustic
reaction between the microphone and the loud speaker which builds up into
an acoustic how! Also if the patient 1s placed too close to the loud speaker,
the patient’s chest may act like a sounding board by piching up the sounds
from the loud speaker, feeding them into the microphone, and producing
the feed back howl

1t 1s our opion that loud speaker reproduction 1s useful only when a
large group needs to listen for gross changes 1n sound quality and for the
detection of arthythnuas Tor cnitical listening in group auscultation, mults

ple audiophones are better
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menta), determmes the configuration of the sphygmogram The hxihesl h":lr]
mome frequency of usportance 1n sphy gmograms 1S about the ten
Therefore 1n the case of a moderately rapid heart rate of 120 beats per
mmute, where the fundamental frequency s two cycles per vsccond, the
frequency of the tenth harmomc 1s twenty cycles per second Well designed
electrocardiographic amphifiers have flat frequency response charactenstics
up to at least forty cycles per second, and the sphygmograpiuc transducer
must be as good or better, n the upper end of the frequency response
charactenstic to produce an accurate sphy gmogram

The combmation of crystal and its forl electrodes w ith no pressure or
twist applied may be considered a condenser wmith 2 fimte capaity When
pressure or twist1s applied the crystal acts hhe a generator with a condenser
1n series The electneal energy which 1s developed 1n a piezoelectric crystal
1s extremely small, although the voltage generated may be of fair magnitude

For all practical purposes, the electrical loading (grid resistance) which
the amplifier presents to the crystal may be considered as purely resistive,
and the voltage which 1s delisered to the amplifier (across the gnd resistor)
15 equal to the voltage generated by the erystal minus the voltage drop across
the effective capacity of the crystal The attenuation which may be produced
on the low fi end of the sphy spectrum by the effectine
capacity of the crystal 1s dependent on the frequency of the stimulus and
on the relatve values of the crystal capacity and the amplifier input re
sistance The product of the crystal capacity and the input resistance of the

amphfier 15 the time constant n seconds if the capacity 1s expressed 1n
mucrofarads and the resistance 1n megohms

To avord attennation of the low frequency components contained in the
<phygmogram 1t 15 necessary hat the time constant be at Jeast 25 sec A
well & 1 elec 3 & o

P P p a time constant of
at least 25 sec or of equnalent performance By equnalent performance

1s meant that some amplifier systems possess arcutry which mtroduces a
form of compensation with a shorter time constant, but the over all response
to the low frequencies 15 unaltered Some of the commerctally avalable
electrocard phs utilize this prncple
The capaaty of 2 prezoelectnic crystal element which can be used wa
sphygmographic transducer 1s equal to P ly several th ith
of & microfarad To attam a time constant of apprloxxmately 25 sec o
more, the resistance In the gnd cirewt of the amplifier would have lcf ;
proach impractical values To circumvent this condition, 1t 1s 1m o
to shunt the crystal with a large tondenser *** The resu]’lant sen: ll:ﬂ'a(l‘t
thus marhedly reduced but, with propes design, adequate sensmilllx‘exslya::
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A A4

Flg 34 P fect ph ttachment A Vacuum applicator cup A: Pres

sure type apphcaior :up B Rubber bulb to produce vacuum in suction compartment of
vacuum applicator cup C Piezoelectric transducer D Cord and removable connsctor which
fits into the input receptacle of the electrocardiographic channel of the instrument (From
Reppaport M B and Sprague H B) 10

tubing, serves 1s 1 suction chamber for fastening the cup to the patient A
pressure type of funnel shaped applicator (A) may be substituted when
desired

The pulse scts up air pressure changes 1n the applicator cup The pres
sure changes are then transmitted through the rubber tubing to the piezo
electric transducer, which converts them into equivalent, minute, electrical
pulsations which are, 1n turn, fed nto the electrocardiographc amphfier and
recorded hike an electrocardiogram

The piezoelectric transducer operates on a principle 1dentical with that
of the piezoelectric heart sound microphone previously described (see p
69) However, certam electrical properties are diferent in the sphygmo
graphic transducer to make 1t suitable for sphygmography

The wave form of a sphygmogram 1s basically of low frequency That 1s,
the fundamental frequency 1s equal to the heart rate If the hexrt rate 1s
60 beats per minute, the fundamental frequency 1s one cycle per second
and 1if the heart rate 1s 120 beats per minute, the fundamental frequency
15 two cycles per second In a case of bradycardia where the heart rate 1s
for example, 30 beats per minute, the fundamental frequency 15 one half
cycle per second Llectrocardiographic amplifiers possess flait frequency
response charactenistics down to at least one third of 1 cycle per sccond,
and the sphygmognpluc transducer must possess the sanme characteristics

A sphygmogram 15 not a sme wave, but 1s composed of 1 fundamental
sine wave wath harmonics The harmonic content, when added to the fund1
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Fig 37 Simult neously reg ste ed phonoca d og am (spex) vemous pulse trac g end
lactrocard ogram (Le d 2) af came & speeds of 25 and 75 mm per secand raspech oly
IF m Rappaport M B and Sprague H 81130

Figure 36 shows a venous pulse tracing which was taken simuitaneously
with the phonocardiogram for a normal per<on

The addition of another electrocardiographic channel to the phonocardio
graph electrocardiograph permts registration of three simultaneous cardwo
vascular events Thus, the folloning combinations are made possible (1)
phonocardiogram sphygmogram and electrocardiogram, (2) phonocardio
gram and amy two sphy (3) phonocard and any two
electrocardiographic leads Other transducers such as manometnc electto
¢

hic or ballistocard phic may be employed on the electro
cardiographic channels

When more than two registrations are made simultancously , 1t 1s advisable
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I

Fig 35 Response characterishc of the electrocardiograph channel (From Rappaport
M B and Sprague H B} 10

to several hundred cycles per second In practice, the electrocardiographic
channel 1s usually the hmting factor in the upper frequency ranges

The following are some of the more important characteristics of a pezo
electric sphygmograph when 1t 1s used in conjunction with an electromic
electrocardiograph

1 The speed of response 1s hmited by the d Arsonval galvanometer The galvanometer
employed 1n the onginal electrocardiographic channel * which we used had a deflection
ume of approumately 00! sec s may be scen 1n figure 35 The graph nas obtamed b
applying the calibrition potential of one millnvolt to the input of the amphfier Each
nterval between ad)acent vertical time lines 1s equal to exactly 004 sec A deflection time
of 001 sec 1s ample for sphy hie and elect: 1 hic purposes The deflec
tion time 1n a later design + 1s equal to 0001 sec

2 The decay charactenstic of the amphfier system 1s also illustrated in figure 35 For
more thin 0 2 sec there 1s no decay whatsoever and thereafter the decay 1s gradual The
flat top charactenstec 1s produced by electrical compensation presiously mentioned The
02 sec¢ dunng which there 1s no decay 1s longer than the duration of any known electro
cardiographic complex and inasmuch 1s the decay 15 slow after the 02 sec 15 ample for
sphygmographic recording Thit 15 the mmmal time constant requirements re exceeded
by 7 sufficiently wide margin

3 The electrical sensitivity control of the electrocardiograph 1s simple to use and it
does not alter any charactenstic other than the sensttivity of the apparatus

4 Once the recosding beam 1s set shght changes i the adjustment of the apparttus or
patient will not result 1n loss of the beam for it gradually dnfts into position because of
the decay charactenstic of the amphfier

> In the circuit there are no delicate parts which require protection
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Fig 38 Phonocardiogram and venous pulse teacing of 2 normal perion registered simul
tansously (From Rappaport M B and Sprague H B)10

o

)

*The Sanborn Stetho Cardiette and Tri Beam taltham Massachusetts
t The Sanborn Twin Beam Waltham Massachusetts
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to employ a white background and record in black, as thus allows the three
beams to cross each other Tigure 37 shows a phonocardiogram, a venous
pulse tracing, and an electrocardiogram recorded stmultaneously, using this
oscillographic techme Tigure 38 1llustrates 2 simultaneously registered
phonocardiogram and two electrocardiographic leads
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7 / Graphic Reqistration of Normal Heart Sounds

1 HONOCARDIOGRAPHIC CHARACTF RISTICS

Prior to 1941 Iittle consideration had been gnen to the manner in whch
phonocardiographic measurements are related to the over aW frequenty 1e
sponse of the phunucardmgraph 1n 1941 and 1942, two of us'  suggested
that three distinct types of phonocardiographic registration be used namely,
(1) linear, (2) stethoscopic, and {3) Yogauthmic

1n the linear remistration system sounds which are detected at the surface
of the chest and which have a frequency of from zere to more than 1000
ucles per second~—the heart sound vibratory frequency band or spectrum—
are netther attenuated nor accentuated with respect to frequency The phys
(st commonly terms this a ¢ flat response charactcnstic” Thus, lmear
phonocardiography registers graphicalls the meckamcal tbrations set up
6y cardiac acts ity as they cxtst on the surface of the patient s chest, that
15 the de ratron of the recordimg galvanometer beam 1s proportional to the
miensity of the wsbration at the surfece of the chest Obsiously 1n such a
graph the large mtensity low frequency vibrations must be controlled by
reducing the over all sensivity of the system for their amplitude may be

10000 times as great as that of the low intensity hagh pitched murmurs
Therefore 1n such a system Tugh pitched vibratians often ste not segistered
at all

The stcthoscoprc system of phonocardiographic regustration dacs not reg
wster the cardiovascular sound vibrations as they rxist o the surface o f the
patient s chest but as they are presented to the ears of an obscr er by means
of an arerage acoustic stethoscope By ‘stethoscopie effect’ 1s meant the
modiiying effects that are introduced at difterent frequencies by the stetho
scope tubing and binaural ear preces but 1 each phonocardiogram there 15

the added effect of the chest pece used mn the r
egistr:
{requency response of the stethos oy e The over al

wopie system (Fig 59
1n the so called haeir ph diogram, butf‘ Wy );Sr:;fl)l na‘t‘ s
1stic with respect to frequency increase over t‘h N

e heart sound —

kha} }is Ithe Tugher the pitch of the sound the better s reg\sterse?;dmm

e logarithmic system of phor ocards
0gTaphic registratia
m:pr:zz )’nqucnc; response £qur aler? to the simmation of t;{‘cf:‘:“:“s"s li;”
i

aterace human andiogram (Fig 5) and the cur o o} the ¢ erage ;;;J lw
s I st
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Figure 40 shows how the simultaneous registrations are made Figure 408
15 a photograph of the chest piece employed far the simultaneous registrt
tion of the stethoscopic and linear, or loganthmic and hnear, phonocardio
grams This chest prece employs a double outlet to two disinct types of
microphones or transducers (Fig 40A), and thus permits sumultaneous reg
istration on the same area of the chest

STETHOSCOPIC
OR LOGARITHMIC
MICROPHONE

RUE!E STi
' R STRAP

CROSS SECTIONAL ViEw
OF DUAL CHEST PIgCE

LINEAR
MICROPHONE

A

Fig A0 A A
ot loganthm & ;;;gomm for the s m Manaous Teg st at on of the steih,

a% t ph
Fa 0P L g0 ok s h s 8 Cress

Spragus H B2

{ e sethoncop < and tauae
sect on of chest proce The chest
ed um op n ball shown n figue 10 (From R.ppl,;ur‘f ‘M“ !PI::;
m;l;;e;;n:: fﬁ;:fc;rdmgram of figures 394 and B may readdy be recog
Talon of the “apex beat” ar “cardy "
0gram s
explanation of the mechamsm of the apex beat follows i Wiegers

During ventricufar tontraction afp diameters of

downward and the 1y

only Best movenny s of this pulsatipn

The hteratute on the cardiogram 45 g,

Optical traangs of the 5,
namely that thev incy,

pacse 3 * Wiggers 3 stated
Pex bexs have sq {4y b

een shown of 13}
TPotate the heary sounds and <o allow :: o one st

Bt e tablishmeny
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cardiograms for a normal person B Simultaneous registration of loganthmic {upper) and
linear (lower) phonocardiograms for the same person (From Rappeport M B and Sprague
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Fig 37 A Simul gistration of stethoscopic (upper) and linear (lower) phono
HB}?2

stethoscope (Fig 32) Thus, the resultant logarithmic phonocardtogram s
a graphic representation of the cardiac sound vibrations as they are per
cewved by the average observer of normal hearmg when an average acoustic
stethoscope 15 employed The term loganithmic 1s used because the shape of
the human audiogram in the heart sound auscultatory spectrum approxt
mates a loganithmic slope The resulting phonocardiogram can be considered
a “human audrographic” record in which the amplitudes of the component
frequencies are registered an proportion to their relative loudness That 1s,
1f the first heart sound, as heard, 1s twice as loud as the second heart sound,
the amplitude of the graph of the first heart sound will be twice as great as
that of the second heart sound

An understanding of this principle 1s fundamental to the interpretation of
all phonocardiograms Briefly, ¢ wndicates that “loudness” and “mtensity”
are different factors, and that “loudness” 1s an anditory perception deter
mmed by “tensity’ and “frequency” If we attempt therefore, to register
what the car terms “londness,” we must distort our simple limear phonocar
diogram by mtroducing the peculiar logarithnuc response of average human
hearing and the specific modificatrons mtroduced by the average acousti
stethoscope

Let us now compare the phonocardiograms taken on a normal person at
the apex with the linear, stethoscopic, and loganithmic registration systems
Figure 39A shows simultaneous registration of the stethoscopic and linear
phonocardlograms Iigure 39B shows simultaneous registration of logarith

mic and lmear phonocardiograms
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THE FIRST MEART SOUND

Tn the apex cardiogram the first heart sound 15 usually represented by a
{ew coarse vibrations The stethoscopic phonocrdiogrant on the sime per
son shows somewhat smatae coarse vibrations although attenuated, and
ome superimposed fines vibrations The loganthmic  phonocarthogram
greath attenwates the coarse stheations and brings out a Jarger number of
superimposed, finer vibrations

1 anous imvestigators have shawn that four factors are responsible for the
production of the major vibrations which consbitute the first heart sound
3 discussion 1nd bibliography on the subject may be found n the mono
graph by Onas and Braun Menendez ™' The four factors are (1) the resid
ual mibrations caused by ateial activsty—the atnnl factor, (2) the muscular
contraction and tension of the ventricular walls—the musctlar factor (3)
the closure of the atnio ventncular valves—the valvular factor and (4) the
mosvements and distension caused by the ejection of blood from the ven
tricles 1nto the arteries—the vascular factor vibrations caused by openng
of the semilunar valves initiate and fuse with thts element of the first heart
snund In spute of conflicting evperimental evidence 1t appears lihely that
contraction of the ventricles produces vibrations in the absence of valve
closure These constitute the muscular factor and normally contribute to the
early part of the first heart sound

Caerro and Onias' 1n 1937 indicated that 1t 1s possible to distingmish
four distinct components 1n the phonocardio.rapine representation of a
normal first heart sound W e confirmed their observations in 1942, and o

&d Lusada Mendoza and Ahimurung* 1n 1939 In figure 41, the four
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of systole and duastole According to Weber 7 they enable us to determine the begin
nings of auniculr systole ventricular svstole systolic ejection and the opening of
the tnoventricular valves and are further particularly valuable in determining the
1sometric contraction phise It 15 quite obvious however that the same temporat
relations may be established 1s well by the use of optical venous nd arteral pul ¢s
Whether v other sigmficance my be attached to pathologic tracings further imes
tigation alone can determine Westz© it 1s true has pubhished ~ large series of
optically recorded crrdiograms hoth from normal dwiduals and from those with
cardine lestons Aside from the addition of 1 variety of murmur vibritions 1ssocited
with the particular lesions m question and the greater predominance of positine wives
they show nothing that can be regarded 1s distinctive 1n 1 ditgnostic sense

Taquin, Massell, and Walsh ¥ have shown the usefulness of the cardio
gram 1n the differentition between the opening snap of the nutral valve and
the third heart sound when the 1sometric relaxttion phase of the left ven
tricle 1s shortened in the presence of mutral regurgitation The authors claim
s follows

Under such arcumstances the third sound which 1s produced during rapid nflow
mto the left ventricle might not show 1ts usual relation to the v wave of the venous
pul e for the lIatter 15 1ssociated with pressure changes i the tight ventnicle There
fore 1n order to ascertun the nature of the extra sound in these cases 1t 1s necessan
to take the phonocardiogram sumultaneoushy with the records of the apical pulsation

THE ATRIAL SOUND

By 1nter relating the hnear stethoscopic, and logarthmic phonocardio
grams of figure 39A and B, we find that the cardiogram registers distinctly
the sound or vibration associated with atnal systole The stethoscopic phono
cardiagram shows 1 famnt atrial vibration and the loganthmic registration
does not show any distinct vibrations which represent atral systole In 1
constderable percentage of normal persons the vibrational frequency of 1
transmutted atrial contraction 1s so low that 1t 1s not cipable of passing
through the 1verage 1coustic stethoscope When such 1s the case the stetho
scoptc phonocardiogram does not register the atrial sound Human quditory
perception of an atrial sound of such low frequency and intensity 1s am ob
vious impossibility because of the added logarnthnue attenuation of human
hearing For the same reason, the logarithimic phonocardiogram attenuates
and m this case does not regster the atrinl sound The hinear phonocardio
gram 1s the only rchiable phonocardiographic means of indiciting the pres
ence of 1n extremely low frequency atral vibration In phonocardiography
therefore, the cardiogram 15 useful 1s 1n mdicator of the true location of
the atrial contraction in the cardiac cycle

The electrocardiogram is 1 crude reference for evaluating the atrinl sound
as the electrocirdiograpme P wave precedes the phonocardiographically
registered Atrial vibration or sound The venous pulse 15 1 good rcference
for tinung atrial systole s the venous pulse @ wave 1s usually synchronous

Intra atrial pressuregrams 1re the preferred reference tricngs if attunable
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‘THE FIRST IIEART SOUND

In the apex cardiogram the first heart sound 15 usually reprecented by a
few coarse vibrations The stethoscopic phonocardiogram on the same per
<on shows <omewhat similar coarse vibrations although attenuated, and
some <upersmposed, finer vibratons The Jozanthmic phenocardiogram
greatly attenuates the coarse utbrations and brings out a larger number of
supenimposed, finer vibrations

Y arious imvestigators have shown that four factors are responsible for the
production of the major vibrations which constitute the first heart sound
A dicussion and bibliography on the subject may be found in the mono
graph by Onias and Braun Menendez " The four factors are (1) the resid
ual vibrations caused by atnial actinity—the atnal factor, (2) the mu cular
contractson and tension of the ventricular walls—the muscular factor, (3)
the closure of the atno ventnicular salves—the valvular factor and (4) the
movements and distension caused by the ejection of blood from the ven
tricles into the arteries—the vascular factor vibrations caused by opening
of the semilunar valves imtiate and fuse with this element of the first heart
sound In spite of confhicting expenimental evidence 1t appears lihely that
contraction of the ventricles produces vibrations in the absence of valie
closure These constitute the muscular factor and normally contribute to the
early part of the first heart sound

Caeiro and Orias' 1n 1937 indicated that 1t 1s possible to distinguish
four distinct ¢ in the phonocard phic repre of a
normal first heart sound We confirmed their ob ervations 1n 1932 and <o
did Lwisada Vendoza and Alimurung ' in 1949 In figure 41 the four
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of systole and diastole According to Weber ~ they enable us to determme the begin
nings of aunicultr svstole ventncular ssstole systolic ejection and the opening of
the atnoventricular valves and are further particularly valuable in determining the
tsometnc contraction phase It is quite obvious however, that the sime temporal
relations may be established as well by the use of optical venous and astersal pulses
Whether any other significance may be attached to pathologic trecings further mves
tigation alone cin determine Weitz ¢ it 1s true has published 1 large series of
optically recorded cardiograms both from normal individuals and from those with
cardinc lestons Aside from the addition of a vanety of murmur vibrations assocrated
with the particular lesions in question and the greater predominance of positiie waves
they show nothing that can be regarded as distinctive 1n a diagnostic sense

Taquim, Massell, and Walsh ¥ have shown the usefulness of the cardio
gram 1n the differentiation between the opening snap of the mitral valve and
the third heart sound when the 1sometric relaxation phase of the left ven
tricle 1s shortened 1n the presence of mutral regurgitation The authors claim
as follows

Under such circumstances the third <ound which 15 produced dunng rimd inflow
mto the left ventnicle might not show 1ts usual relation to the © wase of the venous
pulse for the latter 1s 1ssociated with pressure changes in the night ventricle There
fore 1n order to ascertain the nature of the cxtra sound in these cases 1t 1s necessary
to tahe the phonoc I ush with the records of the apical pul ation

TIIE ATRIAL SOUND

By mter relating the linear, stethoscopic, and logarthmic phonocardio
grams of figure 39A and B, we find that the cardiogram registers distinctly
the sound or vibration 1ssociated with atnial systole The stethoscopic phono
cardiogram shows 1 funt atnal vibration, and the logarnithmic registration
does not show any distinct vibrations which represent atrial systole In a
constderable percentage of normal persons the vibrational frequency of a
transmutted atrial contraction 1s so low that it 1s not capable of passing
through the average acoustic stethoscope When such 1s the case, the stetho
scopic phonocardiogram does not register the atrial sound Human auditory
perception of an atual sound of such low frequency and ntensity 15 an ob
vious tmpossibility because of the added loganthmic attenuation of human
hearing Tor the stme reason, the logarithmc phonocardiogram attenuates
and in this ease does not register, the atnal sound The hnear phonocardio
gram 15 the only reliable phonocardiographic means of indicating the pres
ence of an extremely low frequency atrial vibration In phonocardiography
therefore, the cardiogram 1s useful as an indicitor of the true location of
the atral contraction 1n the cardiac cycle

The electrocardiogram 1s a crude reference for evaluating the atnial sound,
as the electrocardiographic P wave precedes the phonocardiogriphically
registered atn1l vibration or sound The venous pulse 15 a good reference
for tuning atral systole, s the venous pulse @ wave 1s usually sy nchron(;)l]ls
Intra atrial pressuregrams are the preferred reference tracings 1if attainable
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recognized 1n phonocardiograms, following the P wave of the simultaneously
regitered electrocardiogram and preceding tbe oncet of the QRS comples,
and that such vibrations tain their time rel fup with the I' wane
when the P R ternal changes However, the ymtal Jow frequency, low
amphtude vibrattons of the first heart <ound that succeed the beguanng of
the QRS do ot bear such relationship to atnal sy stole, occurning even m
1ts absence On the other hand, they do show 2 constant relationship to the
(mam vibrations of the firct heart sound, and sf we accept, as the evidence
would wdrcate, that the beginming of the mans vibrations (that s, the sec

ond component) of the first sound marks closure of the atnoventncular
ahes, then the inihal low frequency, Yow amphtude vibrations {that 1<, the
first component) occur duning the preisometric phase of ventricular svstole
Agam the mitial group of vibrations comneides tuth, or follows immediately
after, the beginning of the systolic impul e of the apex cardiogram ‘These
observations are consistent with the earher suggestion of Waggers?® that
“when the v entricle begins 1ts contraction 1ts position changes slightly This
may produce the first feeble vibrations of the first heart <ound ” In 1930
Viggers and his co norkers ' accepted the evplanation of Caero and
Onas? concermng the atnal origin of these pre 1<ometnc vibrations of the
first heart sound However Wiggers pomted out that while these sounds be

gie definitely befare the nise of wmtraventnicular pressure they may contintie
shehtly into the early period of nising tension, and those vibrations which
do continue represent mmtial vibrations of the first ventricular sound rather
than the ternunation of the atnial sound **

Tt 1s apparent that the imtial vibrations shown 1n figure 42 occur wath the
beginning of ventricular contraction and truly constitute the first component
of the first heart sound They are assocrated with the desefopment of tension
m the ventncular muscle fibers which mtiates the nise of intrayentricular
plressure Since these wmibrations occur before the main group associated with
closure of the atrioventrcular valves they must be due directly to (1) <light
shortening of the muscle fibers 1mbating the nse of ntrasentricular pres
sure (2) the talang up of stack i the valve leaflets before they bemmg P!
posed or (3) concenably to movement of the heart within the thorax i
g of enancor ot L 2R Which prscede the

action, can and should be differentiated fi
the first heart sound and the term “first component of the first he an71’
should 1nclude only the imtial low frequency vibrations a5<‘5 eart sound’
beginming of ventricular systole ociated with the
The wibration  which
guished from the vlbrauol;e;ptrl::ﬁﬁ:‘te eeond component may be distin

;{:;; ;}:: ;gre:h c;i the e]ectmcardlograph\c QPS complex and represents th
tsometnc, or presphygmie phase of ventricylar coné’;;‘::
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In 1951, Coumhan and his co workers,"* on the basis of further obsery
tions, suggested 1 modification to the interpretation of the first compone
of the first heart sound They observed that in phonocardiograms record
at the cardac apex of 28 patients havng atnal fibnllation and 2 havi
complete heart block, vibrations of low frequency and low amplitude we
present at the beginming of the first heart sound i every person has
atnal fibrillation (Ig 42, bottom) In the 2 patients who had comple
heart bloch, even when atrial systole preceded ventricular systole by
nterval sufficient for the atrial sound to have expended itself, the mits
vibrations were still present (I'g 42, top)
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Fig 42 Phonocardiograms recorded with loganithmic response Top Complets hear
block Heart sounds at apex with apex cardiogram and electrocardiogram AS = aina
sound SM = systolic murmur The numeral 1 refers fo the first component of the first hear
sound Bottom Atral fibrillation Heart sounds at spex with jugular pulse end electracardio
geam The numeral ) refers to the first component of the firss heart sound {From Counthan
T B Messer A L Roppaport M B and Spragus H B} 14

The average duration of this group of vibrations was 005 sec, with ¢
range of 003 to 006 sec, and the average fundamental frequency was 3!
cycles per second, with a range of 20 to 60 double vibrations Although the
stethoscopic phonocardiogram registers Jow frequency vibrations more ef
fictently, the mmtial first heart sound vibrations lie wathin the frequency
range of human audibility and are well registered with logarithmic response,
as may be observed i figure 42 The mtial vibrations may be seen to com
mence after the beginming of the QRS complex 1n the electrocardiogram,
which 1s recorded stmultaneously, and with, or shortly after, the beginning
of the rise of the first positive systolic wave i the apex cardiogram

There 15 no question that vibrations of atnal ongin frequently can be
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ag adds 2 still greater degree of selectne attenuation An interesting fact
» that, otten, evidence of a first and fourth component may be present 10
he logarithmic phonocardhogram but the ebsener, although extremely com
petent Wil not heat the lower {requency \ibration because of mashing ef
fects * of the apparently mare wntense second and third components
Symultaneous registration of ihe stethoscopic or logarithmic phonocardio
gram with the venous pulse tracing way seneas a means of dilerentialing,
b tneen a prolonged first heart sound and a first heart sound followed by a
short systolic nurmur \one of the four components of the first heart sound
noswally has a duration which allows 5t to extend beyond the peak of the
\enous pubse ¢ wave Thus, 1t ts reasonably safe to say that sebrations which
extend beyand the peak of the ¢ nace are the components of @ systolic mur
myr Op vare occasions an extremely low frequency wave may occur Just
after the peak of the ¢ wave \during reduced ventricular ejection) Alo the
fourth component vibrations are characterntically of a lower frequency Vhan
ate those of & systolic murmur which also auds 1n the Qifterentiaion even
though the systolic murmur may commence eatly 1 the first heant sound,
fbut not betore the 1sometngc contraction phase, that 1s the <econd com
ponent
hountz Gilson Smuth and Edwards % in 1941 descnibed ¢ vibrograms'

of the heast sounds with an apparatus which had a drop-off 1 transmuss on
of less than two per cent between fne cycles and fiiteen hundred cycles per
cecond The authors gase no hgures for frequency re ponce below five
cycles per second H the over all responce was flat from practically zero
cycles per second the apparatus was equnalent to the linear phonocardio
graph and could be classified as a good «phygmograph If the vibrograph
response dropped sharply below five cycles per second 1t would no lon p”
behanhaccx‘xrate sih:, gmograph but could be classified as a phonocard & .
wluch 1 hinear between five cycles and fifteen hu c ocan
They used cathode ray recordng shich does not af;‘grr 3;}{2:;9:;\;32285
over mirror or d Arsomval oscillographic procedures such as employed here

with The major utihity of cathode ra;
i D o ray occllography ts i the registration

q which are not present in cal
rdiovascula
sounds Actually 3t 15 much more difficuit 1o obtain satisfactory recordxln:;

definttion with a cathode ray sy stem than it 15 with an optical gab

system In 1951 Johnston ™ made similar studies with a manog sanemetne

and shortly thereafter Lwisada and VMagnt ' uced the hne melt\nc syStem

graphic svstem we have described and obsened that th ]ar phonocardio

diographic svstem gave essentially the same recults as I(:h n’s’::n':‘r phonacar
5

THE sECOND HEARY SOUND

In 1832 biling  suggested tha

t the second heart

:::zl ma:‘he clo ure of the semilunar sahes In ther s:si:len 5 ema)ife o

p an expenment and venfied Bulling s theory In 1882) \:;bstoua‘n e
er *sug
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The sccond component records the closure of the mtral and tricuspid valves

Usually, the third component can be distingmished from the second @
though 1t 1s ssmew hat similar in appearance) by a separation or shght spht
ting effect The third component registers at the time of the openmng of the
semdunar valves and the onsct of ventricular ejection It 15 dificult to be
certun whether this component 1s due to semilunar opeming or tnicuspid
closure

The fourth component 1s composed of coarse vibrations which may extend
to the peak of the ¢ wave of the venous pulse or the anacrotic notch of a
simultaneously registered central artenal pulse Often the fourth phase vt
brations ternmunate prior to, but rarely after, the peak of the ¢ wave in a
normal person Thus, the vibrations whick comprise the fourth phasc are
believed to be produced by the acceleration of the blood i the arterics durmng
the maximym ejection phase of ventricular systole

In the linear phonocardiogram, there 15 always a preponderance of low
frequency vibrations and a total, or almost total, lack of 2ny of the higher
frequency components that are so obviously registered in the stethoscopic
and loganithmic phonocardiograms A harmomic analysis of the frequency
components of the first heart sound, which 1s 1 conglomeration of unrelated
frequencies, shows that the coarse, or low frequency, vibrations are of much
greater wtensity than are the higher frequency components The amphiude
ratio of the major coarse and fine vibrations 1s so large that, when registered
linearly, the fine vibrations arc cntrrely lost or arc, at best, tsignificant
Thus, the lmear phonocardiogram 1s extremely efficient wm the registration
of the first and fourth phases of the first heart sound and dectdedly weff
cient as an mdicator of the second and third phases

The stethoscopic phonocardiogram attenuates the first and fourth phases
of the first heart sound 1nd brings out distinctly the higher frequency second
and third components The reason the second and third components appear
to be of such magmitude 1n this tvpe of registration 1s that more amplifica
tion 1s employed than 1s permussible 1n hnear phonocardiography 1f an
equal amount of amphfication were employ ed 1n linear phonocirdiogriphy,
with the object of bringing out the second and third components the deflec
tions of the first and fourth components would be so large 1s to mask the
second and third components Witk stetkoscopic regrstration, and the addt
tronal amplification the attennation cffects on the first and fourth compo
nents are not sufficient for obliteration, but arc suffictent to bring out clearly
the sccond and third components

Although the average acoustic stethoscope 1s capable of conductng the
selcctively attenuated four components of the first heart sound to the tym
panums of the cars, the observer 1s capable of keartg merddy the higher
frequency second and third components and hittle or practically none of the
first and Jourth components The reason human perception 1s so nefficient
1n the detection of the first and fourth components 1s that logarithmic hear
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gested thnt additionil sound vibrations may occur during this phase of
cardiac cycle as a result of vibrations of the arterial wall and blood colu
Ihe consensus 1t the present time favors these investigators

Graphic analys:s of 3 large number of phonocardiograms has shown t
the composite, normal, second heart sound, as recorded at the apes, 1 ¢
posed of four distinct components * The reason a composite of a large
ber of normal graphic registrations of the second heart sound 1s refer
to 1n the analysis 1s that all four components do not always regster ¢
tinctly 1n a single phonocardiogram Tigure 43 shows a simultaneous stet
scopic and linear phonocardiogram, regtstered at the apex, i winch the f
components may be detected In figure 44, there are additional phonocarc
grams which show the four components of the second heart sound

A compostte hnear phonocardiogram shows that the second heart sou
commences with a small, subaudible vibration which we call the first ¢
ponent The first component 1s distinct 1n the hnear phonocardiogram
figure 43 This mutial vibration 15 immediately followed by a few coarse
brations—the second component In figure 43, the second component 1S r¢
resented by a large, notched vibration The second component 1s, 1n tu:
followed by one or more coarse yibrations which are usually of smaller ;
tensity than those of the second component In figure 43, the third col
ponent 15 represented by a single vibration At the end of the th
component, 1nd simultaneous with the apex of the v wave of a venous pul
registration, a coarse vibration, or negative dip, ternnnates the second hea
sound—the fourth component

A compostte, normal, stethoscopic phonocardiogram shows the first cor
ponent of the second heart sound, but with some attenuation, this 15 we
represented tn figure 43 The first component 1s more distinct 1 some of t!
records of figure 44 The second component 1s present, with the addition
supenimposed higher frequency components, this 1s well 1llustrated iy
ure 43 The third component 1s present, but attenuated, figure 43 shows th
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Fig 43 Simulteneous stethoscopic (uppar) and linear (fower) phonocardiograms at the
apex of 8 normal person The four companents of the second heart sound are present in the

the apex cardiogram s
ic phonocardiogram and thetr temporal relahomhip to
::.:’::uxpu.qm atrial vibration and the first and third heart sounds are registered distinetly
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and tendinous structures or vahes Furthermore, though this cause s
stressed as the prnciple one, other subaidiary factors are not necessanly
evcluded Some authors® * stress the importance of an increased cardiae
distensibihity (diminution of tone) due to va.otome disturbances fivoring
the production of the sound ”

Almost every hinear phonocardiogram <hows some evidence of a low {re
quency vibration which starts during the downslope of the simuttancously
registered venous pul e 1 wave In come normal persons a swgle postine
\ibration may be present and, in others, teo or possibly three such vibea
tions appear but are of lesser intensity The <tethoscopic phonocardiogram
usually shows the third heart sound as a single osaillation but not so fre
quently or distinctly as does the lmear phonocardiogram The loganthmic
phonocardiogram Likews € tegisters a normal third heart <ound as a wn le
osallation Registration of a normal thurd heart sound 1s decidedty Jess fre
quent 1n a loganthmic phonocardiogram

THE DURATION OF THE FIRST NORMAL HEART SOUND

Table 715 2 comprlation of data found 1n the hterature pertainmeg to the
duration of the first heart <ound 1 normal persons The mimmum normat
duration of the first heart sound as observed bv Roos was 0031 sec ,
whereas Strahl clamed that 1t was 0125 sec —approximately a 3 1 ratio

TABLE

COMPILATION OF DATA FOUND IN THE LITERATURE PERTAINING TO
THE DURATION OF THE FIRST MEART $OUND 1N \ORMAL PERSONS
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Year af First Sounds
_— tat ‘y\rl Gbservation m Seconds Ilethod
nEn

b e 190 002801 6 Flectnga)

003 1908 00410064 Name
VWes 07 1909 0063 o
Gerhartr {33 1911 o D::;
hahn R HS i 0095
Lilien tein 40 pR23} 0:&!09 é}:g:m{

B

gi\m: R4 \ 1912 00830805, Dlreclm
km;r “) ‘JA E 1911 Q123 Electrica)
by 1914 00 90116 Direct

td man B W A 1915 [:3EH) b
Strabhl £ 04 1920 0101 § g“mal
Ranner L4s 1923 016 et
\s\l::‘trsECx ¥ 1923 800152 g‘ud

chutz
Uras 04 biole el E;““
Cepora &40 1936 TI001y el

'f“ . 1037 01001y Drrect

Dhrect
From Rappapere B and Sprasne H B



114 HEART SOUNDS AND MURMURS

A composite logarithmic phonocardiogram shows the presence of a first
component of the second heart sound The second component 1s present
with more superimposed higher frequency vibrations thn appear 1n the
composite stethoscopic phonocardiogram Usually, the third and fourth com
ponents are completely eliminated

The beginning of the second heart sound, or the first component, occurs
at the beginning of the relaxation and diastolic fall of pressure in the ven .

_tricle The second component vibrations may be ascribed to the closure of
the semlunir valves _The vibrations that comprise the second component
contain many frequencies, among which the lowest predomimate This ac
counts for the introduction of lgher frequency components 1n the stetho
scopic phonocardiogram and still higher components in the loganthmic
phonocardiogram, at the expense of the lower frequency vibrations

The third component of the second heart sound 15 probably caused by
vibrations of the arterial wall and blood column An additional source of
vibration m this region may be the natural period vibration of the chest
wall, which my be set mto oscillation by the vibrations of the second com
ponent

The fourth component 1s the result of the opemng of the mtral and tnt
cuspid valves, and 1t occurs simultaneously with the apex of the venous pulse
v wave The common occurrence of the fourth component 1n a considerable
percentage of hinear and stethoscopic phonocardiograms from normal per
sons, 1nd 1ts total absence 1n loganthmic phonocardiograms, mndicate that
the so called “opening” snap 1s present 1n normal persons at a subaudible
level Only tn mutral stenosis does the fourth component become audible

In every normal phonocardiogram the tram of vibrations which comprise
the four components of the second heart sound terminates with, or prior to
the accurrence of the stmultaneously registered venous pulse v wave Thus
2 simultaneous phonocardiogram and venous pulse tracing should supply
sufficient data for the difterentiation between a prolonged second heart sound
and a second heart sound followed by a short diastolic murmur [n ofher
words anv wbrations whick contimue beyond the apex of the somultancoush
registered venous pulse v wate arc components of a diastolic murmur This
of course excludes the vibrations that may be set up by a third heart sotnd

THE THIRD HEART SOUND

The generally accepted explanation of the cause of the third heart sound 15
well summed up by Orias and Braun Menendez ' “The third heart sound 1s
caused by vibrations of the ventricular walls due to their sudden distension
by the mrush of blood from the auricles 1n the first moments of rapid ven
tricular filling ”’ According to Oras and Braun Mencndez, this third heart
sound hypothesis was first proposed by Ohm * 1n 1921, and has been sup
ported by many authors ° * ¥ Orias and Braun Menendez further stated
“By the term «ventrcular walls’ no distinction 1s imphed between muscular
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TABLE 8

DURATION OF THE FIRST HEARE SOLAD 1\ 33 NORMAL FERSONS MEASLRBED 1%
STETROSCOIIC AND LOGARITHAIC FIONOCARDIOGRAMS

Age Duration of First Heirt Sound (Seconds)
Cose Years Sethascapic Logenthmic

1 b 0160 017
2 2 0120 0090
3 28 0120 0090
3 ” 013 0120
5 2t o125 0105
6 u 0130 0120
7 19 0130 0100
s 2 0160 o115
9 zo 0145 0125
10 H3 010y 0050
n z 0155 0123
» 2 o168 0100
B z Qg o5
i n 0120 o110
b 2 0150 o1ts
16 22 one 009
v 2 ous 0030
18 2 a1t0 0085
1 u 0110 2090
» 2 0150 otss
. n 010 0090
2 » o115 009
# 23 o125 o0
[ 2 o165 0108
I 2 o150 010
% n 0130 0108
o n o120 0110
® 2 0140 0085
@ 15 ono 0100
;‘: ;-; vito 0095
ous 0105

it - gus 0085
» 36 0120 oot

e .
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Enthoven’s measurement for maxumum normal duration was 0 176 sec
whereas Roos’ was 0 064 sec —1 2 75 1 ratio '

Differences in maximum and nunimum measurements cannot be wholly
attnibuted to the phonocardiographic method employed (such as direct
versus electrical) As shown mn table 7, among the authors who employed
the direct method, Wiggers (005 sec ) and Strahl (0 125 sec ) showed the
largest difference for minimum duration of the first heart sound—a 25 1
ratio The greatest difference for maximum duration of the first heart sound
was between Strahl (0 175 sec ) and Ohm (0097 sec )—a I 8 1 ratio

Simlar differences in measurement existed among the 1nvestigators who
employed the electrical phonocardiographic method Einthoven obtamed a
mnmmum duration for the first heart sound of 0 058 sec , whereas kahn ob
served a mummum duration of 0095 sec—a ratio of 164 1 Finthoven
obtamed a maximum duration of 0 176 sec, whereas Kahn’s measurement
was 0109 sec —a ratio of 162 1

A companison of the data obtained with Linthoven’s electrical method
and Wiggers’ direct method indicates agreement within a reasonable per
centage as to maximum and mimmum duration

For companson with the data of table 7, we selected 33 normal, male,
unversity students and made the following registrations at the apex with

)

the student 1n a supine position 3

1 Steth phonocard 1 us with electrocard phic lead 2
2 Stethoscopic phonocardiogram with venous pulse tracing
3L L h d 1 with electrocard hic lead 2

p
4 Loganthmic phonocardiogram with the venous pulse tracing

Table 8 shows the measurements of the duration of the first heart sound
in the 33 normal persons The maximum duration of the first sound by the
stethoscopic registration method was 0 165 sce as compared to 0 135 sec by
the logarithmic method The mummum duration by the stethoscopic method
was 0 105 sec , and, by the logarithmic method, 1t was 0 08 sec

In every one of the 33 normal persons listed n table 8 the first heart sound
was of longer duration 1n the stethoscopec phanocardiogram then 1t was i
the logarsthmic phonocardiogram This difference m duration 1s due to the
greater amount of attenuation to which the first and fourth components are
subjected by the logarithmc registration system Herein hes the explana
tion for the divergent data of table 72 In other words lack of agreement as
to the duration of the first heart sound 15 duc primardy to dissimslar fre
quency response characteristics inherent in the phonocardiographs employed
by the myestigators

It has been shown (Fig 12) that vanous types of chest pieces modify the
frequency response of the phonocardiograph The phonocardiograms sum
manzed 1n table 8 were registered with the five centimeter drameter chest
prece shown 1n figure 10 Such a large chest piece was employed because 1t
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the first heart sound In our opmion such figures are nnalcadm;i and Kha::;
Iittle meanin, For example, 1t has been shawn that the four ¢f er;mn f y
the first heart ound have dissimlar frequency romponents Under <uc!
conditions how can such a complex tram of waves be expressed wath any ac
curacy by a single frequency value? Furthermore the vibrational frequen
cies and the number of vibrations which compnse the first heart sound are
dependent on the frequency response of the phonocirdiograph and the type

TABLE 10

DURATION OF THE SECOND HEART SOUAD I\ 93 NORMAL PERSONS MEASURED IN
STETHOSCOPIC AND LOGARITHMIC PIIONDCARDIOGRAMS

Age Drralion of Second Somnd (Seconds)
Case Years Stethoscopic Loganthimic
i b2 013> 0103
7 0135 0090
3 ) 0130 0065
4 2 012y o000
5 2t 0125 0100
& n 0140 010;
7 19 0145 0030
8 2 0120 0085
9 o o130 00,0
10 % 013 60:5
1 2 0130 caw
2 u 12 000
13 2 0120 00%0
i4 2 otio 003
1 2 at3a o110
16 2 0100 0060
17 2 0100 00,0
18 n 0105 o090
19 n 209 00§
J n a135 0093
2 2 o110 oo
2 w0 0125 ooss
3 n 010 ool
2 ] 6130 o1
2 2 012 0025
m : o115 003§
u 2 0120 0100
b n atzs 0065
» 19 atso 0110
n ® 009 e0.0
% “ o140 0108
? 38 015
33 36 008, 0060

00y
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large, five centimeter bell Thus, 1t 15 obvious that more portions of the first
and fourth components are lost 1n the phonocardiogram as the chest plece
15 decreased 1n diameter The diaphragm chest piece attenuates these heart
sound components most The use of high pass electrical filters 1n phonocar
diographic applications, * ! unless adequately controlled, may also attenu
ate the first and fourth components of the first heart sound sufficiently to
alter markedly the registered duration In ascertamning the duration of the
first heart sound, the investigators listed in table 7 gave practically no
consideration to these important phonocardiographic charactenstics

The following are the factors, therefore, which may affect the duration
of the first heart sound as sensed on the surface of the chest (1) attenuation
effects by the chest structure, (2) the frequency response charactenstic of
the phonocardiograph, and (3) the type of chest prece employed If open
bell chest preces of small diameter are used, the application pressure 15 an
additional modifying factor With contact or button microphones, additional
factors are introduced, such as chest wall comphance and microphone stiff
ness The application pressure of a contact microphone affects both the
chest wall comphance and the microphone stiffness, thus, making them ex
tremely variable

A number of investigators 3 47 3% 1 4349 hage published figures on the
frequency 1n cycles per second and the number of vibrations that compose

TABLE 9

COMPILATION OF DATA FOUND IN THE LITERATURE PERTAINING TO
TIIC DURATION OF THE SECOND HESRT SOUND IV NORMAL PERSGMS

Duration of

Year of Second Sound

Author Obsertation m Scconds V Vethod
Emthoven W 2 190, 0041 0104 Electrical
Roos E3° 1908 0045 0048 Flame
Weaiss O3 1910 00,1 Durect
Gerhartz H3* 1911 00/ Durect
kahn R H# 1911 0068 00s1 Flectrical
Lilienstein 30 1911 006 Electrical
Ohm R4 1912 0052 0061 Darect
Eyster J A L1 1912 0095 Electrical
hapff W4 1914 0043 0093 Direct
Bndgman E W4 1915 0089 Llectrcal
Strahl E Of 1920 0062010 Direct
hanner L 46 1921 o010 Drrect
Frey WT 1926 0062 010 Electrical
yoshioha J * t 1932 0095019 Flectrical

L

Braun Menénds? 1934 010014 Durect

and Omas 0%
o
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heart sound are as diergent as those published for the first heart <ound

Measurements of the duration of the second heart sound, obtained on 33
normal persons, are given 1n table 10 These measurements were made on
the same stethoscopic and logarthnue phonocardiograms from which table
8§ was derned The mavimum duration of the second heart sound by the

TABLE 12

INTERVAL BETWEEN THE BEGINVING OF THE SECOND MEART SOUND AND THE
CENTER OF THE THIRD HEART SOLAD IN 33 \ORMAL PERSONS MEASLRED IN
STETHOSCOPIC AND LOGARITHMIC PHONOCARDIOGRAMS

Stethoscoprc Logarithmsc
Interval Between Interral Between
Age m Second and Third Second and Third Heart Rate
Case Years Sounds (Seconds) Sounds (Seconds) Per Minute

1 I 0185 o175 54
2 0180 0160 7%
3 3 0185 ot Present %
4 2 0190 ot Present 60
5 2 0175 0165 ‘5
6 22 020y ot Present 60
' 19 0190 ot Present 63
3 2 0190 Mot Present 54
9 20 0190 0165 57
10 26 0180 ot Present I
11 23 0180 alrs 6
12 2 0160 ot Present 84
13 2 0160 ot Present 63
14 2 0185 0165 63
15 2 ot Present ot Present 66
16 22 Not Present Not Present st
}; :i g:ﬁg Not Present 12
'
19 71 0160 N 01:60 o
1 a p3eed nto lrstssenl 66
1; 21 ot Present ot Present ::
13 20 0200 Not Present 75
2 23 ot Present Mot Pry
24 22 0195 0 1;;““ at
zz: 22 Not Present Not Present Zg
iy g; g::z Not Present n
28 2 0130 Mlgl:l:;em @
29
» ;: gll;: Mot Present ;i
P Not Present
2 0195 ped
3 33 0240 ;m st s
33 36 Mot Present Nii g"sm s
Tesent 84
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of chest piece or microphone employed To conclude, the first heart sound
15 @ noise consisting of a conglomeration of unrelated frequencics that can
not be accurately regarded as a purc harmomc vibration

THE DURATION OF THE SLCOND NORMAL HEART SOUND

Table 9 1s a compilation of data by various authors on the duration of
the normal second heart sound The duration measurements of the second

TABLE 11

DURATION OF THE THIRD HEART SOUND IN 33 \ORMAL PERSONS, MEASURED IN
STETHOSCOPIC AND LOGARITHMIC PIIONOCARDIOGRAMS

Duration of Third Sound (Seconds)

Age m
Case Years Stethoscopic Logarsthmsc
1 24 0085 0035
2 24 0080 0020
3 28 0050 Not Present
4 22 0055 Not Present
s 21 0050 0050
6 22 0070 Not Present
7 19 0055 Not Present
8 21 0050 Not Present
9 20 0080 0025
10 26 0060 Not Present
11 23 0030 0015
12 24 0045 Not Present
13 22 0050 Not Present
4 22 0065 oo1s
15 21 Not Present Not Present
16 22 Not Present Not Present
17 22 0060 Not Present
18 21 0040 0035
19 21 0035 Not Present
20 22 0055 0030
21 21 Not Present Not Present
22 20 0040 Not Present
23 23 Not Present Not Present
24 22 0065 0030
25 22 Not Present Not Present
26 21 0050 Not Present
27 22 0040 Not Present
28 22 0060 0045
29 19 00355 Nat Present
30 23 0060 Not Present
31 21 0055 Not Present
32 38 0035 Not Present
33 36 Not Present Not Present

From Rappaport M B and Sprague H B2
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grams shoaed @ distinct third sound for only 10 of the normal persons
(30 per cent)

Table 12 gives the intervals between the beginning of the second heart
sound and the midpornt of the third sound The midpoint of the third <ound
was selected as a reference because 1t may be estimated with greater ease
than the starting pomt The stethoscopic method showed a maximum

TABLE 14

AMPLITUDE RATIO OF FIRST HEART SOL\D TO SECOND HEART SOLND IN
33 \ORMAL STETHOSCOPIC AND LOGARITH3IIC PHONOCARDIOGRAMS

Stethoscoprc  Amplitude Logarsthmic  tmplitude

dge (Ratto of First Sound (Ratso of First Sound
Case Years 2o Second Sound) to Second Sound)
1 b3 130 093
H 7 143 110
3 2 143 116
4 2 14 100
> 2 092 100
6 2 100 106
19 120 06
s 2 0.1 100
9 0 104 092
1o % 12, 12,
Lo o
5 zz 100 063
085 0
b 2 134 092
15 21
. 083 0.0
n 090 062
1 22 100 0 s
e n 004 11
» 1 066 07y
2 2 100 200
2 ;‘) 093 0.
o » 06, 059
n 2 100 113
S 2 1 083
% » 1o, 100
2 2 091 091
23 n o4 143
29 19 s 11g
30 e 120 120
31 2 100 051
3 3 02 0.3
3 36 100 109

o7 064
From Rappsport M B and Sprage 11 5



122 HEART SOUNDS AND MURMURS

stethoscopic registration method wes 0 145 sec | as compared to 0 110 sec
by the logarithmic method The mumunt duration by the stethoscoprc
method was 0 085 scc , and, by the logarithmic method, 0 055 scc

The data 1 table 10 again illustrate how the first, third, and fourth
components of the second heart sound are more effectively attenuated i the
logarithmic than 1n the stethoscopic phonocardiograms 1n such a way as to
alter the measurable duration Likewise, phonocardiographic data obtamed
with apparatus of dissimilar characteristics cannot be expected to corre
spond, as was true for the first heart sound

The sccond keart sound consisés of a conglomeration of unrclated fre
quencies, as does the first heart sound Therefore, the statement whick was
made with regard to measurcments on the frequency m cycles per sccond
and the number of component vibrations holds just as true for the second
heart sound as 1t docs for the first

THE DURATION OF THE THIRD NORMAL HEART SQUND

The duration of the third heart sound was also measured 1n the 33 normal
stethoscopic and logarthmic phonocardiograms (Table 11) The measure
ments in several of the normal graphs are approximate because of the diitt
culty 1n accurately judging the beginning and the end pont of such a
typically coarse vibration of low amplitude The mavimum duration by the
stethoscopric method was 0085 sec and by the logartthmic method, 005
sec The mmmvmum duration by the stethoscopic method was 003 scc , and
by the logarithmic, 0 015 sec

The third heart sound registered clearly e 27 of the 33 stethoscopic
phonocardiograms (82 per cent), whercas the loganithmic phonocardio

TABLE 13

COMPILATION OF DATA FROM THE LITCRATURE PERTAINING TO THE
INTERVAL BETWEEN THL SECOND AND THIRD HEART SOUNDS

Interval Betucen

Fear af Second and Therd
Author Obser ation Sounds (Seconds) Wethod

Emthoven W1 1907 013 Llectrrcal
Lewss T® ¢ 1913 018 Electrical
Hess O 7 1915 026 Direct
Bridgman E W # 1915 613018 Electnet!
Leonhardt W31 1932 0115015 Electrical
Clerc A Zodac hahn

B and Tavecchr GO* 1934 012018 Electrical
Braun Menendez E

and Orus Q% 1934 011014 Direct
Duchosal P 5 1938 011018 Tlectrical
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terval of 0290 scc and @ mommum of 0 160 scc The maxumum logarithinic
mterval was 0 185 sec , and the mummum, 0 160 scc The difference between
the stethoscopic and logarithmic measurements may be accounted for by
the obliteration or attenuition of the first component of the second heart
sound, which effectively shortens the interval Obviously, phonocardiographs
of dissimilar frequency response will not supply similar data This 1s well
tlustrated by the data i table 13 There appears to be no correlation be
tween heart rate and the interval between the beginning of the second heart
sound and the midpo nt of the third sound

AMPLITUDE OF THF NORMAL FIRST AND SECOND HLART SOUNDS

The amplitude ratio of the first to the second heart sound n the 33
normal phonocardiograms registered 1t the apex 1s listed in Table 14 ° 1 20
of the 33 normal stethoscopic phonocardiograms (61 per cent), the ampl
tude of the first heart sound was greater than, or cqual to, that of the
sccond heart sound In 15 of the logarsthmic phonocardiograms (45 per
cent), the amplitnde of the first sound was greater than, or equal to, that of
the second This difference between stethoscopre and logarithmic registration
may be explained by the greater preponderance of higher frequency com
ponents 1n the second sound than in the first The relationship does not
necessartly exist in other age groups

THE NORMAL ATRIAL SOUND

We obscrved an atrial sound i 29 of the 33 stethoscopic phonocardio
grams (88 per cent), whereas the logarsthmic system registered 1t i only
7 0f the 33 (21 per cent) ” This 1llustrates that human hearing 1s relatively
mefficient 1n the detectton of normal atnal or fourth heart sounds because
of therr low frequency and low intensity

THE NORMAL SYSTOLIC MURMUR

There was a shight tracc of systolic murmur n 19 of the 33 stethoscopic
phonocardiograms (58 per cent) The logarithmic registrations showed some
evtdence of a systolic murmur m 28 of the 33 (85 per cent) Turthermore,
the logarthmic system registered the murmur whenever the stethoscopic
system did ® This indicates that the selective attenuating properties which
are peculiar to human hearing tend to bring out a shght murmur more effi
ciently because of the greater preponderance of higher frequency com
ponents 1n such a murmur
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8 / Gallop Rhythms Trple and Quadruple Rhythms
Including a Discussion of Gallop Sounds and the
Sphtting of the Furst Sound

HISTORICAL \OTES

Gallop sound> were first described by Charcellay of Touts n 1838‘“,
the patient was a Sixty three year old man with Bnght s disease At the
fevel of the second b an extra sound was noted which ymmediately pre-
ceded the first sound and the carotd pulse At postmortem exammahion,
ateial hypertrophy was found, and Charcellay suggested that the extra
sound had been atnal in ongin According to Potain, Bowtlaud was the
fiest to use the term  gallop rhythm ” about the year 1847, but st first ap
peared 1n Potam’s witngs 10 187> The first phonocardiograms showing
gallop thy thra were made by Weiss and Joachuim® 1n 1910

DEFINITION
The term  sallop shythm' 1s usually apphed to a triple or a quadruple

thythm occurring 1n a patent with heart disease who has a heart rate
greater than 100 beats per minute

CLASSIFICATION

In view of the chinical importance attached to gallop rhythms, 1t 15 essen
tial that there be some adequate classification of these sounds together with
an understanding of what causes them and metheds of differentiating them

Totamn  classified gallop rhythm depending on time relationship, as
protodiastolic mesodhastohic and presystolic He beheved that the first and
the Tast types could become mésodiastolre 1f the heart rate became more
rapid and diastole was shortened

A satisfactory classification is as follows (Fig 45}

L Y Systoll gallop where the addisonal sound fais g

pprovimately midnay betneen ih

first and second heart sound » Detneen the

* Atral (presyetolic) gallop where the additional sound 15 due to atnal systole and
precedes the first sound complex

3 Mesodnstohe gatlop which occurs when an addiional sound occurs In mid-diastole
3
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GALLOP FHYTH'S TRIFLE AND QUADRUPLE RHYTH S

are altered by tachycardia, but any three sounds nccumn‘g ata r::sxd rate
have a different quality from the same three sounds at a s! owlelr Ta il

The gigmificance of rate becomes more confusing when dealing }:ﬁ o
dren/Here a third sound 1§ notmally present and frequently the rate
well over 100 Should this be called gallop rhythm?2

It would seem that any extra sound, whether ‘“eslsf“hcf systolic, prote
diastohic or mesodiastohic, occurnng in a heart “thh i’g}lﬂgﬁﬁ_ﬁg_b_e‘gp_,
gormal, should be labeled 2 _gallop,” whereas thé same sonnd 1n s normal
m‘s_{\ould be g en sonié less ominous title, such as a normal third heart
sound

REFERENCE TRACINGS

Most gallop sounds represent an accentuation of normally occurnng
sounds which are not always audible on routime auscultation, even though
they may be recorded by such spectal techmes as esophageal recordings
(in the case of atrial sounds) or low frequency stethoscopic recordings (for
both atral and thurd sounds) In order to study gallep sounds adequately,
1t 15 necessary to record the phonocardiogram with other reference tracings
1 addttion to the electrocardiogram, which although adequate for examuning,
the peniods of systole and presystole, 1s totally snadequate for the examina
tion of events occurnng dunng mechanical diastole The apex cardiogram
15 the hest reference tracing for most sounds occurniag dunng dustale The
¥ey to the diastohe tracing of the apex cardiogram 35 refersed to as the O
point, \s represents the beginmng of the rapid ventricular filing early i
diastole 1t%s obvious that 1f the O point represents the beginning of the
raptd nflos phase, then 1t must comade with the opemng of the atno
ventnicular valves, allowing the flow of blood from the atria to the
ventnicles The summit of the rapid inflow wave denotes the time of oc
currence of the third heart sound or the protodiastohic gallop, whereas spht
ting of the second sound usually occurs prior to the begmmnning of the rapid
wflow wave, and thus pror to the O pont An exception to this may be
roted when there 15 considerable delay 1n pulmonic closure, 1n which case
the O pomnt and the second part of a spht second sound may concide

Some help in timing the atual gallop may be obtained from the Jugular
venous pulse tracing Onas and Braun Menendez * regarded the Jugular
pulse tracing as the best reference tracing for all gall

ops, but we prefer to
use the apex cardiogram for early diastolic extra sounds ’ P

CHARACTER OF THE SQUNDS

;I‘he majotity of gallop sounds are of ml‘te zen: d low to moderate
mtensit;
nsity, and therefore they cannot e heard as well as

the aceoy panying
mm Occastonally, hawever, gallop sonndns1 m: ;])e
e loudest Saum cardiac cycle When the gallop sounds are ofylo\v
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PRESYSTOLE  SYSTOLE  DIASTOLE® PRE _ SYSTOLE
SYSTOLE

ATRIAL SOUND
THRD SOUND OR
PROTODIASTOLIC
GaLLOP
SYSTOLIC eALLoP,
SECOND SOUND
THIRD SOUND OR
PROTODIASTOLIC
GALLOP

ATRIAL SOUND

SYSTOUIC GALLOP]

F EE EER BN BN BN NN FIRST SouNo
-
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PLE RHYTHMS

% |NoRmaL THRO souND
loratoniastiuc sauioe
PRESYSTOLIC AND
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&l PRESYSTOLIC AND
§ SYSTOUC GALLOP

SYSTOLKC AND
PROTODIASTOLIC GALLOP

Fig 45 Schematic representation of triple and quadruple rhythms

It may be caused by atrial summation or protodiastolic gallop and 1s dependent on the
length of drastole

4 Summation gallop which occurs at the time of the normal third heart sound m a
patient 1n whom the atrial contraction occurs immediately prior to the expected timing
of the normal third heart sound causing a summation effect This may result 1n the accen
tuation of a normal thuird sound or i the creation of an entirely pew sound

5 Protodiastolic gallop where the additional sound occurs early in diastole This 1s
sometimes called a ventncular gallop

HEART RATE

{ Considerable confusion surrounds the subject of the gallop rhythm By

defimtion gallop rhythms occur only when the heart, rate 1s more than 100
beats per minute While 1t 1s true that the triple rhythms more closely re-
semble a horse’s canter 1t faster rates, there 1s no good reason to suppose
that a protodiastolic sound, by itself, at a rate of 110, 1s any more sigmficant
than the same sound at a rate of 95 The tachycardia may be significant and
may affect the character of protodiastohic sound, but the sound 1itself 15 no
more 1mportant at one rate than at another

Additional sounds take on different qualities at a faster rate because
factors such as strength of myocardral contraction and early diastolic filling
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fig 47 (Apsx L g1 Quadrugla thythes with lat systol € click and  no mal th d heart
sound pat nth d an ppore Hly normal heart Nate the fest sound (1) of normal ntensity
ommenc g 003 s af rtho onset of th QRS ¢ mplex and plt by 004 sec with the
tw compen nfs of the splt of eq ol  tenuity The § 4o systolic low € aquency  braton

or sants o systol ¢ gallop 156) Tho s cond saund {21 13 of normal infensity end 1 splt
by 003 sec the third sound (3] 1s of low 1nt s ty and low frequency

tiation between mud systolic clichs and systolte gallops The former are sad
to be dry,

tugh pitched clicking sounds and the latter are lower pitched
sounds W olferth and Margolies * reported 2 nell documented cases, one
a 14 year old girl extremely 1ll with mihary tuberculosis and the other 1n

awoman about 50 years old who had hypertension, coronary arteriosclerosts,
and heart farlure Mid systolic chchs are said to occur 1n young persons
o have <evere fevers or 1 elderly peaple wath arterioscleratic changes.
n the aorta

Systolic gallops 1ary from patient to patient in therr relationship with
the first and second heart sounds, but are usually descmbed as occurnng
around mud systole The sound may be heard best close to the apex, or over

the base i some cases 1t 15 affected by respiraton or by the patient’s
postion

Systolic gallaps are not pathognomonic of any particular disease process

PRESYSTOLIC GALLQP

The term ¢ presystolic gallop’ 15 not a good one and would be better re
placed by * atrral gallop' Presystolic gallop merely implies that an extra
sound 1s noted tmmediately precedmg_the succeeding first sound the

cardiac cycle It 1s ymportant to Luow whether th
hac ¢ 1s additionial sous
1o atnhal systole alone, whether 1t 15 due to ear] nd s due

y_ventricular filling or t
combnation of these events It 1s nat necessary for presystohc sound:tz
be caused by atnal systole and one often encounters a patient with atrial
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f;equency and low intensity, they may be better felt with the hand than
Heard through the usual type of stethoscope These sounds are said-by oider~
“clinicians to be best perceived by the use of a stiff wooden stethoscope
which allows one to apprectate the tactile sensation of the precordial thrust
as well as actually to hear the sound vibrations themselves There ate also
some experienced climcians who prefer to apply the ear directly to the chest
wall for the same reasons

CLINICAL SIGNIFICANCE OF GALLOP

It 15 1mportant to yealize that all gallop sounds do not have the same
chntcal sigmficanceAtnial gallops_sugge, 1al_hypertrophy from any
cause_Systolic gallops may_occur in normal hearts Protodiastolic gallops

are associated with myocardial embarrassment, and summation gallops are
caused by atrioventricular conduction defects

SYSTOLIC GALLOP (FIGS 46 AND 47)

This often mentioned, but rarely encountered, form of triple rhythm was
described first by Cuffer and Barbillion 1n 1887 It 1s seldom correctly
diagnosed chnically and not often detected 1n phonocardiograms Most
cases diagnosed climically as systolic gallops turn out to be presystolic
gallops or short systohc murmurs Therr causation and clinical significance
are not hnown

Apart from the nature of the sound, 1t 1s difficult to justify any differen

Sounds ‘ ‘ l m
l | 1 1 \\
/| P

Fig 46 (2L1S Log} Loud early systolic click in an apparently normal heart Note the
two groups of vibrations labeled (1 1) which repressnt & low intensity first sound occurring
006 sec after the onsst of the QRS complex followed 007 sec later by a narow group
of highor nfensify caused by the systahc click Noto also the systolic murmur {SM) of low
intenaty and medwm fraquency and the promment second sound (2}
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P ware, irrespective of Whether these P wnves fall dunng sentneular sys
tole or ventnicular dinstole The Atral sounds fallng dunng ventrculr
systole arc presumbly due prinapally to atnal contrachion, as the 1tno
\entuicular valves are closed At this tme This tracing emphasizes the fact
that atnal sounds may be systolic, protodiastolic mesodistolic or presys
tohe in tmwng It 1s alvo obuvious that atrioventnicular conduction defects,
such a first or <econd degree heart block, may result in atrial <ounds oc
curring 1 sanous parts of diastofe Atrial sounds may lso be encountered
matnal flutter but are not heard n atnal fibrillation

ATRIAL GALLOI
Erorocy

Any dx:easrselg physiologic state causing increased left or nght atnal pres
sure a‘“‘w’ /gype_m;oph\ may produce an atnal gallop (Figs 30, 51, and
27) These conditions include (1) heart_fulure from any cause (such as
myocarditis, coronary artery disease, hypertension from am cause aortic
sahe disease, cor pulmonale, sesere pulmonic stenosts, sevcre anemia, large
left to night <hunts, or certain mfectious fevers such as typhod) and (2)
obstructive or, less commonly regurgmtant_lesions mvolving the mitral or
tncuspid valyes -

Detecrion

Atrial sounds are heard best at the apex of 1n _the second or thyrd inter-
in the second or third inter

_baces, either to the left or to the night ‘i( the sternum They rary greatly

LI b LIAE]
|

R l
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3rd Sound in 3rd Sound In
Protodiastole Presystole
Sund } sM | j{ swf | [ |
] ‘M | ! ” PLL ‘4'
LN L
I | (LA m A.) il |
e T

Fig 48 (Apex Log) Changing posihion of a gallop sound 1n atrial fibnllation with a
third sound producing a protodiastolic gallop 1n one cyclo and a presystolic in the next The
rolationship of the third sound to the preceding second sound 1s constant but its relationship
to the succeeding first sound varies depending on the length of diastole Note the normal
first (1) and second (2} sounds and the third sound {3) in protodiastole in the first cycle
and in presystole in the second The third sound occurs 0 17 sec after the end of the second
sound n both eyeles but 1} precedes the succeeding first sound by 030 sec in the first cycle
and by 007 sec 1n the second cycle

fibrillation, where, depending on the length of the cycle, a third sound, al
though constant 1n 1ts time relationship with the preceding second sound,
will be protodiastolic i one cycle and presystolic 1n the next (Fig 48)

CAN ATRIAL SYSTOLE ALONE PRODUCE
AN AUDIBLE SOUND?

It may be questioned by some whether atrial systole can produce not
only audible sounds, but often the loudest sounds in the cardiac cycle That
atnal contraction can produce sounds 1s shown i figure 49 This tracing of
a patient with three to one heart block shows atrial sounds following each

i b ol

N ‘
L zwi; ﬁ’“‘]\‘
T

jl
L

K
jiinm4

Fig 49 (Apex Stoth} Atrial sounds of low frequency but high intensity occurning during
ventrnicular systole and ventricular diastole 1n a patient with three to one block Note the
normal first (1) and second (2} sounds and the atrial sounds {4) which follow the onset of
the P waves by 010 sec and are of much greater intensity in ventricular diastole than :n

ventricular systole
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or the first sound 18 detayed, its detection as & separate and distinet atral
<ound 15 made easter In contrast, when the atrial sound 15 of low ntenssts
or the P R interval 1s <hortened atrial <ounds may tend to fuse with the
true first <ound and the detection of separate sounds 15 made more difticult

Leng thenng of diastole from any caue, such as slowing of the heart rate,
or following a ventnicular premature beat, mas vesult n diminution of or
disappearance of atnial sounds The probable reason for this s that tonard
the end of a protonged diastale, the pressure diffesential betneen the atna
and the ventnicles dimmishes, and the effects of atnal systole are corre
spondingly diminished

DURATION AMD FREQUENCY

Becan ¢ of the low mtensity of some atrial vibrations, 1t s difticult ta
measure accurately the duration of atral <ounds The duration has saned
from 003 10 012 sec , 1f the duration continues much lfonger than ths, &
muriac rather than a sound 15 heard unless the vibrations are of unusually

ngh mtensity The frequency of atnal sounds vanies betneen 25> and 7>
cycles per second

Tnane

Flectrocardiograms are the eastest and the most commanly used reference
traciag 1n the timing of atnal gallops, but the g nave of the jugular venous
pulse tracing or the atnal wave wn the apex cardiogram may be equally
useful Atnal gallop follons the peal. of the P wave of the electrocardiogram
and only those vibrations which precede thi R wave of the ¢ E\et?r;xmdmgmn;
can defimtely be considered atnal in onigin In patients who have short ' R
tervals but prolonged atnal sounds, 1t 15 not always possible to be certain

where vibrations due to atrial systole ce
ase and those due to +
systole commence entricular

MESODIASTOLIC GALLOI (FIG $3)
The term mesodiastolic gallop” wa
e e g af the o T ) 5 used by Potain smply to express

lic or the presystolic gallo
presence of a vapid heart rate and hence the mesodiastohc g:fllopr:sl:ol:h'el

speanc pathologic entity It 15 obvious that 10 the case of a protodiastol,
ohc

ar a presystohc gallop a relativel
v long diastole 1
be ascertaned nhether the extra suu:d ettty e 1t can

falls jusl
Zo{u::ia;::‘iuzl before the succeeding first heanj sn!u:l(im'rl'}l:; S:C:))!)‘it:&ﬂ
o ga"aon c:n\en a protothastohic or presystohe ga“o;; mto a m':s"og
e gl e;:‘ mestodxastohc gallop may result also from g summat
ecta Thl:lpr‘o othastohie third heart sound 1 remforced b mlOT;
o ast condition occurs more frequent!} 1 the pres ot
wterval An infrequent cauce of mesodiastolic ga:l!::; :onraa
'}
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Saunds
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Fig 51 (2015 Log) Tple rhythm giving an atrial (prosystolic) gallop due ta an atrial
sound 1n a patient with chronic cor pulmonale Note the first sound (1) of normal intensity
occurring 0 08 sec after the onset of the QRS complex a fow early systolic vibrations (SM)
of low infensify and low frequency a very foud second sound (2) spht by 003 sec with
marked accentuation of the second component the diastolic murmur (DM) of low frequency
and low intenuty and the prominent atrial sound {41 with the principal vibrahans 0 (4 sec
after the onset of the P wave of the electrocardiogram

Fig 52 (2 L1S Log) Atral sound giving an atnial (presystalic) gallop form of triple
rhythm 1n & patient with savers pulmomic stenosis and congestive failure Note the single first
sound (11 007 sec after the onset of the QRS complex the diamand shaped systolic murmur
(SM) of medium frequency and moderate intensity the normal second sound (21 the promi
nent fourth sound (4) 008 sec after the onset of the P wave of the electracardiogram and
the presystolic murmur (PSM) of medium frequency and moderste «tensity but without
crescendic sffect

1 mtensity, from bemng virtually naudible to bemng the loudest sound in
the cardiac cycle Presystolic gallops due to atrial contraction e probably
mussed as frequently as they are recognized They are often mustaken for
the first component of a spht first sound or they may even be mistthen for
the first sound itself when the latter 1s of low 1ntensity or occurs sufficiently

late to be mustaken for a systolic gallop
When the atnial sound 1s loud, espeaially 1f the P R interval 1s prolonged
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of a third sound by an atral svstole or 1n the creation of an entirely new
cound occurnng at the time of a normal third heart sound and resulting

from a summation of eftects yather than a summation of sounds

This phenomenon wsually orcurs with ncreased heart rates and a pro
Tonged P R mterval It may occur with <econd degree heart black or atnal
flutter, or 1t may be intermuttent 1n patients with third degree atrioventnc
ular block It does not occur with atriat fibnilation, since atnal contraction
does not accur m this condition The true relationships of the occurrence
of the P wave mn relation to the length of diastole can easily be calculated
for the production of a symmation gallop

PROTODIASTOLIC OR \ ENTRICULAR GALLOP

I‘iotodmtohc gallop (Fig 32) occurs at the time of a normal_third_heagt
sound 1t 15 the type of gallop thythm most commonls_encountered 1n adults

AU
AT

|°:?155: {Apex Log with ap x ca d og sm and slect ocard ogram) Tr ple rhythm due +

foud thd so d dd dtopromn t7 sta dseco dsou ds Note the prom nent Fret o

;:v:" |m:h; Tow d’(‘l“ ty systel ¢ mu mur {SM} the normal second sound (2} y :h'
en sound {31 o t th .

o cu 1 g at the apex of th rapid inflow wave of the spex cardio

n ths pat ent was only 70 beats per
minut
i wh ofuctof + lop 1 slove 1te B m 5 ey onsoetoneg e o

Erorocy
eft ght 3
or less commonly night ventricular failure from any cause may by
Yy |

accompanted by a protodiastolic P Iy

ani l1; - gallop_Tt 15 especially comm:

who have hypertensive heart disease ot coronary hcari dlsea.s:nb::: S‘ue}?ls
wperlensin¢ heart disease s so has

been reported fr
equently 1n cases o
Tectious foxrs f myocarditss, severe anegua, and m

the ventricular % m
muscle theVthordae tendin
o chordae_tendineae, Papillary
even lhg*mnosentncular valves Although th e m;| ;(“a s, o
1ming 1s reasona T s occun o gy it
g y constant The gallop occurs at the pe

The true cause of
the ext; ;
ra.sound 1» not clear, the gallop may anse from

e vanable, the
2k of the rapid..
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( } N L NATT

Fig 53 {Apex log} Bigeminy with atternating profodiastolic and mesodisstolic friple
thythm resulting from ventricular ectopic beats The patient had no known heart diseass and
had had this archythmia since birth Nofe the relatively constant intensity of the first (1) and
thied (3) heart sounds The maximal vibrations at the first heart sound occur 008 sec after
the onset at the Q wave in the normal beats and 0 13 sec after the onset at the QRS in the
ventricular premature beats There 1s a systolic murmur (SM) of low intenuity and medium
frequency shghtly dinnished with the ectopec beats The second sound {2} is louder following
the ectopic beat The third sound always occurs 0 15 sec after the preceding second sound
and coincides with the peak of the rapid inflow wave (R} of the apex cardiogram The third
sound occurs 1n protodiastole following the ectopic beat and in mid drastole following the
normally conducted beat

ll.x‘nu

be second degree heart bloch with audible atrial sounds Since a normal
third heart sound occurs on an average of 0 13 to 0 20 sec after the second
heart sound, a dstole of approximately 026 to 040 sec 1n duration re
sults 1n a mesodiastolic posttion of the extra diistolic sound A dstolic
duration of 040 to 050 sec and a P R interval of 030 to 035 sec, with
an audible sound, also results in a mesodiastohc gallop Obviously, the
diagnostic significance of such a gallop sound depends not on 1ts position 1n
diastole, but on 1ts underlying cause

SUMMATION GALLOP

Summation gallop (Fig 54) results from early diastolic ventricular fill
ing being remnforced by atrial systole This may result in the accentuation

1 1 1
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Fig 54 {Apex Log ) Summation gallop in & & year old white boy with sinus tachycardia
and first degros heart block Ventricular rate is 130 beats per minute and P R ntarval 019
sec Nobe the normal intensity Frst sound (1} 006 sec after the onset of the © wave the

normal sntensty second sound (2] and the #hird sound (3) occurring in mid dastols 0 13 sec
after the onset of the P wave and O 11 sec after the second solind
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Fig 56 (Apex L g ) Quad uple chythm dua o th d and fourth sou ds in & pat ent w th
< onary artery ds ase and [ 1§ b dle bra ch block Nots the no malinte uty ¥ st sou d
(1) 012 sec sfter the onset of th QRS comple the systol ¢ murmur {SM) of med um
§ quecy adlwtomodeate i tensty o d ar ble confgu ation the normal ntensty
econd sou d (2) a dthe lat elylo d th d 5o nd (3) whch is the most p om nent sou d
nthecyecle It sp sble in  ew of the marked deg co of bundle b o ch block that sounds
25 d3r pesatawdelyspltsecond sou d Ths se ms unl kly s nce in loft bundle branch
block 1f would b ortie elos re whch would b delayed and o en though t might follow
pimo ccls o ttwo Id bau ik lytodoso by 009 sec A promn nt ateal sound (4)
occurs 016 sec  fte the b g g of the P wa o of the elect ccard ogram
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":;3 i’d l.ApP-w:ag )9°ah :uple dhyvhm d e tonomal £ st adsecond sounds an apral
taund 8 83 ely hyp rtens o yo
o.;; culs |' 1 l\. Note the n mal inte sty F st sound 1 oos 1’0: gﬂ:‘"’;\ A
; =:mp' thoder e ndosy 1 mu enus SM) of med um oque S o o the
,:, “:.s:'yc u: o v:alx t ostys e ndsound (2) the prom ne tth d sound (
sand the md d stalc murm (DM} of fow frequ ney u:d In Vo
ow 1 1

o the :‘ e::: ¥ nl];c d {4) app oxmately 012 5 ¢ afte olhnm :
e the bt o0 dlg'a'm 9 4 alss d and the m d diastol ¢ murmuy o, "l'
Tllowng s pp o aton t the o sat of congest o fal e ond d $app "ed
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wflow wave of the apex cardiogram, that 15, at the time of the normal third
heart sound (013 to 020 sec after the second sound)

DETECTION

Protochastolic gallops are moderately low ntensity sounds, best apprect
ated when the heart rate 1s rapid (more than 100 beats per nunute 1n adults)
and the patient 15 supine or 1 the leit lateral decubitus position The sound
may be intensified when the heart rate 1s increased by effort or excitement

CHARACTIRISTICS

Protoditstolic gallops are usually considerably lower than the second
sound n intensity, but occasionally they may be higher The frequency may
be as low as 10 or 1s lugh as 40 cvcles per second

EFFECTS OF ARRHYTHMI\S ON THE GALLOP SOUND
(T1cs 48, 49 anp 52)

The presence of atnial fibrillation, premature beats, or atrial flutter with
changing bloch m1y alter the intensitv of gallop sounds and the position
of the gallop, while constant m relation to the preceding second sound, may
vary 1 relation with the succeeding first sound

RICHT VLNTRICULAR GALLOP

Gallop sounds are sometimes heard n the xiphoid region rather than at
the apex In congenital heart diseise these additional sounds are usually
associited with left to right shunts, due either to atrial septal defects or
to total anomalous pulmonary venous drainage Under these circumstances,
the gallop sounds are doubtless secondary 1n some manner to the greatly
mncreased blood flow from the nght atrium to the nght ventricle Right
ventricular protodiastohc gallops may also be heard wn patients who have
chronic cor pulmonale, and sometimes during acute right ventriculr stress
following pulmotitry embohsm The diagnostic sigmficance of these gallops
1s dependent on the underlying lesion The posttion of the gillop whether
at the apex or at the viphod region 1s not sufficient evidence to mdcate
whether the gallop oniginates 1n the nght or left ventncle The etiology
must be known before this distinction can be made

QUADRUPLE RHYTHMS

The term ‘quadruple rhythm” (Iigs 56, 57 and 58) indicates the oc
currence of four sounds durmng a cardiic cycle Any combmation of four
separite sounds fulfills this criterion, but the grouping most commonly
encountered climcally 15 that of an atrial sound and 2 protodiastolic sound
1n addition to the normally occurring first and second heart sounds s c1n
be seen {rom figure 58, a quadruple rhy thm m1y also result from the add:
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Fg 55 tApex Log ) Qusd uple chythm d @ fo th d and fourth sounds n s patent with
coronary artery & senss and lett bundle branch block Note the normal ntensity F st sound
(1) 012 50 after the onset of the QRS complex the systol ¢ mu mur ISM) of med um
frequency and low Yo moderate 1 Yens Yy and vanabtls canfguraton  the normalisteauty
second so nd 12 and th rolat aly loud th«d sou d (3] wh ¢h 15 the most proey nent sound
i tho cycle 1 s posnble 10 v v of the marked degree of bundle b anch block that sou ds
24 d3rep esent a wdsly splt s cond 1o nd Ths seems unl kly tace n Jeft bundle branch
block ¢t we 1d be sart ¢ closure wh ch would be delsyed and ¢ en though it m ght follow
gulmen € closurs  wo Id be u [kely to do 50 by 009 ssc A p om nent atr al 50 nd 14}
occurs 0 16 sac after the beg g of the P wave of the

€t ocard egram

St sm [ T
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1
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“::: Szdlkpql Log ) Quadruple thythm d o to normal Frst o d second sounds am af tal
AT |promNn Phdtound i st sely hypet ms o young men whe had left
o “mp‘"y “‘: d-:::s':; ;o"nn‘l‘ et by £ st sou d (11 008 sec sfter the oncet of the
s sytole m mur LSMY of med um §
; m { eque ¢ d
ow inte ¥ty the no mal sntens ty seco d sound (21 fhe prom nent oqh rd 1‘9::5 (";:do 0 |::
tol & mu mu (DM} of fow 1 o,
quency and los t
W ul?h \e;. Teg nty ok a) sound (41 approxm § y 012 soc .n: 1‘}':. :‘n::'
AT :“:ch;‘:uj Iog'nm Th st ol sqund snd th m d diastl © murmur »
.
aiow g suppet v ¢ o atel 2 ot the o sal of congest o fail o and & sappeacad
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b
il

Fig 58 (Apex Log )} Quadruple rthythm resulting from narmal first and second sounds a

:yxlnl,c qa”ap and 2 notma! thied sound n & young girl who had a history of attacks which

d parosyxmal tachycardia and in whom cathetenization revealed the right side of the

henrl to be normal Note the prominent first sound (1) 0056 sec after the onset of the QRS

:omzla(x )iha mid systolic gallop (SG) the normal second sound {2) and the normal third
sound (3

tion of a systolic gillop and a third sound, together with normat first and
second sounds

In some cases of bundle branch block, wide splitting of the first wnd
second sounds, especially with tachycardin, may result i 1 quadruple
rhythm, sumlarly, wide sphitting of either the first or the second sounds,
together with an atrnial sound or a third sound, has 2 simlar effect

Other quadruple rhythms occur i mutral stenosis with a clearly audible
opening snap, together with a third sound or an atnal sound +Thus, 1t 1s
obvious that there may be miny combinations of sounds resulting m quad
ruple rhythms, and frequently a phonocardiogram, together with 1 selection
of reference tracings, 15 necessary for the correct mterpretation of these
sounds

SPLIT FIRST HLART SOUND

Split first sounds occur frequently m normal persons but also mn cases
of bundle branch bloch They are characterized s follows
— o~

1 Both components are of about equal intensity although either one may be louder
than the other The sounds may bt normal dmmimshed or accentuated in 1atensity

2 The sounds are heard best at the 1pex or between the apex and the lower left
sternal border -

3 Usually, each component 1s of short duration

4 Each component occurs after the Q wave of the electracardiogram

5 The duration of the sphiting may be up to 0 06 se¢

6 The sounds do not precede the apical thrust



GALLOP RHYTHMS TRIPLE AND QUADRUPLE RHYTHMS s

Tt s generally accepted that a spht fiest heart sound 1s due to asynchron
1sm 1 contraction of the right and left ventricles, but 1t could be due to 2
detayedopening of the semilunar valves, (for example, the third component
of the first sound) although this 1s much less likely

The frequency of sphtting of the first heart cound 1n intraventncular
conduction defects supports the first theory, and its presence, even with
normal conduction does not contradict {hs, as mechameal esents are not
necessanly directly related to electncal events KatzT wn 1925, showed
that there could be considerable asvnchronism in the beginmng of ejection
of blood from the two normal yentricles

Eary sysroLic cricks (Fio 59)

The differentiation of the early systolic sound associated with dilatation
of the pulmonary artery or of The aorta from the spht first heart sound may
be difpcult 1t may necessitate the taking of ph drogram
and either pulmonary artery or carotid artery pressure tracings If this 1<
done 1t ™it be seen that the two tomponents of the sphit first heart sound
occur before the nise i pressure in the artery concerned whereas the early
systolic sounds associated with lestons of the pulmonary artery or aorta are
not recorded unul after the pressure nse has commenced The differentia
tion of both of these groups of sounds from the atrial gallop can be made
eastly by correlation with the electrocardiogram The atrial gallop must
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Fig 58 (Apex Log ) Quadruple rhythm resulting from normal first and second sounds a
sysfolic gallop and a normal third sound in a young girl who had a history of attacks which
| tachycardia and in whom cathet revealed the right side of the
hem to b. norma| Note the prominent first sound (1) 0 06 sec after the onset of the QRS
cnmzlax )fhe mid systolic gallop (SG) the normal second sound (2) and the normal third
sound (3

X

tion of a systolic gallop and a third sound, together with normal first and
second sounds

In some cases of bundle branch block, wide sphtting of the first and
second sounds, espectally with tachycardia, m1y result 1 a quadruple
rhythm, similarly, wide sphtting of either the first or the second sounds,
together with an atrral sound or a third sound, has a similar effect

Other quadruple rhythms occur in mutral stenosis with a clearly audible
opening snap, together with 2 third sound or an atmal sound +Thus, 1t 1s
obvious that there may be many combinations of sounds resulting in quad
ruple rhythms, and frequently a phonocardiogram, together with a selection
of reference tracings, 1s necessary for the correct mterpretation of these
sounds

SPLIT FIRST HEART SOUND

Sphit first sounds occur frequently in normal persons but also in cases
of bundle branch block They are characterized as follows

1 Both components are of about equal intensity although esther one may be louder
than the other The sounds may be normal diminished or accentuated in ntensity

2 The sounds are heard best at the apet ar between the apex and the lower left
sternal border -

3 Usually, each component 15 of short duration

4 Each component occurs after the Q wave of the electrocardiogram

5 The duration of the sphtting may be up to 006 sec

6 The sounds do not precede the apical thrust



9 / Sphitting of Heart Sounds

G
Splittng of the first beart sound 1s encountered often healthy_persons
(Fig 60) This splitting 1> heard best at the mitral and teteus 1d areas and
has been assumed to be due to asynchronaus closute of the mutral and tn
CWMMS{ This plttieg 1s heard best dur
m,, moderate wmspiration The mtecval between the two major components
of the first sound tarely exceeds 002 to 003 sec

*—?M@»-—L-J\ =

FIRST HEART <OLN\D

v

5“\\1\7i\l

Fig &0 {2L)S tog) Earlysystoicel ki nappae fly h althy man No u the normal

t ns by fret sound (1) 008 sec aft  the o set of the QRS complex and th prom nent
oa ly systolic | ck [5o Tabeled (1] a3 the second part of what was thought <l m:nu Io.:
awdalyspltrsts und The el koceus 015 5 ¢ after the onset of the QRS compl ; N .
aloth 1w #nsdysy? dcmurmur tSM) a d the no mal seco d sound [2) emples Nete

In order to prove the ongin of these tho components of the first sound
1t would be necessary to perform catheterization of both the left and (;1
«ides of the heart and to show that the first component 1s almost s ]:lg y
ous with the onset of the rise in pressere in the left ventricle andy:;lc tmlr:
second component 15 almost synchronous with the onset of the rice e
sure 1 the right ventricle It would also be desirable to time thy .
of the aortic and pulmome vales in order to be certain that the oo
the cause of the second part of the spht It has been stated th: ? e the
cecond valvutar component of the first sound occurs during ;1 Siee e
1n the carotid artery this sound mumm bv closure gf the pone
svalye Of course thisis not necessanly true, it simply prme: th: ¢ e
ponent 1 due nerther to mitral closure nor to aortic vat e o o s com

1 pemng, but it
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occur after the I’ wave and before the Q wave, whereas both of the previous
groups must appear after the Q wave
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Fig 61 (2L1S Log and s multeneous right venks cufar prassurs comel Ealy systale
ek (561 in an ssymptomet < pot ent w th 1d opath ¢ d latat on of the pulmonary artery
Note the moderately low intensity Frst so nd 112 almost simaltansous with the onsed of pras
ot nwe un the night v tncula cavty the early systol ¢ cl ck (SG—systol ¢ gallop] 008
+ ¢ after the frst sound @ few med um frequency low wntanuity systol ¢ vibrahons (SM) o

prominent sec nd & und (21 and a few very low frequency d asfel ¢ v brat ons labeled DM
but p obably repras ting art facts on the basel ne

The_true cause of these_early systohic clicks 1s_pot obsious but it s

thought that mMﬁg@l\a or the pulmonar attery Ithas
been suggested that dilated vessels “bring ejection vibrations which_are
normally Taaudible closer fo the chest wall 71 This may be part of the
explanation but obuiously 1t 15 not the whole story or we would hear this
sound more frequenthy m persons with pectus excasatum It seems more
Iikely that the altered dynamucs either result 1n a marhed accentuation of
normal vibrattons or create an entwrely new set of vibrations

Another factor which has not been clearly defined 1n cases of valvular
pulmonic and aortic stenosts 1s the real possibility that a loud <ound may
be created by sudden tensing of the approprate semulunar valie ducing
1sometric contraction These early systolic ejection sounds occur 004 to
014 sec after the closure of t&;e_ng\e Occasionally, patients with
nght bundle branch block show wide splitting of the first sound and st 1s

believed that this 15 due to the late onset of tight ventricular systole and
thus to the late closure of the tncuspud valve B

SECOND HEART SOUND
Careful auscultation of the second heart sonnd may be one of the most
tewarding features. of ah entire cardiac exammatyon. The presence or ab
sence of Sp‘l&;,ng the duration of splitting and the actyal and relatine
intensities of the aortic and pulmonic com nent
clues 1n cardiac diagnosis R s ma all provde valuable

/ (A1t 15‘“ ell hnown that the second sound 15 sphit at the pulmonic area under
normal aircumstances and that the duration of this splitting increases with
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does not prove whether 1t 1s due to tricusprd closute, pulmonic valve opening,
or to the generation of a sound m the aorta or the pulmonary artery Since
1t 15 not possible to measure night and left ventricular pressure curves and
aortic and pulmonary artery pressure curves i all cases, we shall assume
that the usual cause of the splt first sound 15 asynchronous closure of the

mitral and the tricuspid vahves, —
——
_Dy A spht first sound must be differentiated from ]n(éma] sound plus a first
e TR

SOll_I-ld‘, and from’d 'first sound plus an early systohc ejection sound
Although these distinctions are usually made without too much difnculty
on auscultation, nevertheless, there are times when the electrocardiograph 1s
needed to time the atnal sound, and aortic or pulmonary artery pressure
curves are necessary to time the early ejection sounds
Usually, atrial sounds are of lower ntensity and lower frequency than

By

are the valvular components of a normal first sound, and they are frequently
separated from the first sound by a much. rcaterx\meﬂil' than the 002 to
003 sec which 1s the average interval between the components of a spht
sound Occasionally the atrnal sound may be loud and may occur close to
the first sound, making identification difficult The problem may be solved
by the electrocardiogram, as any sound occurring before the onset of the
QRS complex of the electrocardiogram cannot be part of the first sound, and
if a P wave 1s present with a normal ventricular rate, it may be assumed
that the sound following the P wave and preceding the QRS is atnal
ongm Difficulties may arse 1n a patient who has a short P R interval, where
the atrial sound may actually follow the onset of the Q wave on the electro
cardiogram, or 1n & patient who has a rapid heart rate and a short diastole,
where a third sound may follow the P nave on the electrocardiogram

The differentiation of a spht first sound from an early systolic clich (Fig
61) may be difficult In a patient who has a dilated aorta due to aortic steno
s1s, severe aortic nsufficiency, hypertension from any cause, aneurysm of
the aorta, aorfic arteriosclerosis or dilatation of the pulmonary artery due to
a muld to moderate degree of pulmonic stenosis, idiopathic pulmonary artery
dilatation, or pulmonary hypertension secondary to mitral stenosis or sec
ondary to left to right shunts, st may be assumed that an addttional sound
n early systole 1s an ejection sound This sound occurs during the rise m
pressure m the aorta or the pulmonary artery, depending on the underlying
lesion Usually, the additional sound i these patients 15 hlgwhed, and
1t may be moderate to high 1n intensity It has a sharp chiching quality and
1s heard best over the aortic and pulmonic areas, 1t may also be heard well
at the ape This sound may be the most prominent sound i the cardiac
cycle, and 1} the first sound 1s dumnished, ih? two sounds may be mistaken
for an atrial sound plus a loud first sound "I‘hls early ejection sound 15 ¢~
heard_best durning forced expiration, 1s u%ﬂ)@ﬁbﬂgl_@d
when the breath 1s held i deep 1nspiration, nd 1s constant 1n 1ts position
1n the cardiac cycle =

o
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o a-stss abnormal split
dunng wsprration 1n the normal person, 1t 1% best- b , abs

tung dunng normal expiratien when sphtting 15 mmmal {Fig 62)
3

Fig 62 [2RIS Log ] The ehect of resp a om on3p i g of the second haact tound
recorded at the sochic ates Ths fracng shows 2 change | om moderats inip atan
modarate e pratan in a p tantw th cas cf ton of the a0 }a Note the F st saund (1) ¢
wetng of two g o b of low ntensty baveossplbby 003 s Thysoudad trspl¥
atn constant o mach eyelo Intne 7 st r orded seco d 5 2 d (2] there are two ob
component the frut b ng m ch loude th  the + cand The du at on of spl tng 3 004
As the pat nd b sashes sut the second compenent af tha second sound [the pulmenc .
cloture) comes close » 8 eloser to the fust componest (the sarts companent] unt )|
sounds ¥ se

1t should be remembered that pulmonic closure 15 not alwavs loudest
the secand left interspace and 15 frequently heard best at the third, .
occamonally i the fist left snterspace It should abo e reshized thy
congemtal heart disease with various anomalies of the great vessels,
sound heard 10 the sécond 1Eft interspace may not be due to pulmome
closure

The importance of & spltt secand sound 15 that 1t wmpltes the presenc
<ounds from two semilunar vahes, an aortic and a pulmonic On the ¢
hand absence of splitting does ot necessanly mean that only one val
present it means sumply that the closure of only ane vabie 1o audible
concenably that the valves close ssmultaneausls For evample, 1n pat
who have clas 1cal tetralogy of Fallot with msund\huhr pultome ste
the second sound 1> wingle and 15 beard best at the thard to Tourth 161t 1
space "Thrs <oand 15 thought to be due to dortic sAle chasyre, a5 iy
clasure which occurs almost simulianeously wader the e csTunvstan

\\ greatly reduced m mtensity and 15 mnaudible as a separate sound
v Wude sphitting of the second sound may be due to prolongation of
v sentneglar systole (i which case the normal relatonship of gorii
pulmonic valve closure 15 mamntained 1 that acttic rahe closure o
first) or 1t may be duc t3 & conmderable prolongation of it yventr
systole (1 whath case putmomc valve closure occurs fise) A thard Wy
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msplratmn\ The generally accepted reason for this 1s the fact that the two
audible components of the split are the closing of the nortic and pulmonic
semilunar valves and that nofmally the aorlic closure occurs first Increased
nght ventricular flow with mspiration vesulls 11 delayed closure f the
pulmomc valves and accounts for the increased duration of the splitting

The reltive ntensities of the aortic and pulmonic components of the
second sound vary with different ages 1n normal persons and vary also m
accordnce with different pathologic states

In normnl infants and children pulmomc valve closure 1s usually more
noticeable than aortic valve closure, and thereverse 1s true m normal adults
Some of this change may be due to the nearness of the pulmonic valve to
the clfest wall in cluldren and to the gradually increasing nortic pressure
i adults The often recorded statements that P2 45 greater thwn A2 or vice
versa 1re meaningless unless 1t 15 stated that P2 1s greater than A2 because
P2 1s greater than normal or because A2 15 less intense than normal, or that
A2 15 greater than P2 because P2 1s less mtense thin normal or A2 1s of
greater ntensity than normal *»

Y
/2/\(SPLITTING OI' THL SECOND HEART SOQUND

It 1s important to apprecinte the mnimal degree of separation of the two
valvular components of the second heart sound which can be detected by
the physician It 1s not at all difficult for the average medical student to
detect splitting of 005 to 006 sec, and with training nd experience one
can confidently (Icm 003 sec It must be apprecinted that these
statements refer to the complcfnaol?ea known as heart sounds and not to
puge tones which may be detected at much narrower intervals

.} ¥Vanous factors affect the tbility of the human hearing mechamsm to
detect the sphtting of heart sounds If the first_component of a_narrow
sphtting 1s unusually loud, fatiguing of the ear resuits and the second com—
ponent may be maudible "This situation becomes more marked 1f the second e
component 1s dimmshed 1n intensity ~

Splitting of the second sound 1s heard best at the second left interspace,
and along the left sternal border In adults the first part of the sphtting 15
l;sually identical in tining with the single component of the second sound
as heard at the gortic areq and 2t the apex_This 1s not quite the same m
children 1n whom sphitting of the second sound 1s often heard clearly 1t the
aortic 1ren nd 1 whom a single second sound 1f heard at the 1pex m1y _
be due to the more pronunent pulmonic v1lve closure A simulteous aortic”
or carotid artery tracing can be used to time 1ortic valve closure by using
the dicrotic notch

With normal breathing the mterval between 7ortic and pulmome valve
closure durmg expirition wverages 002 to 003 sec  on mspiration 1t m
creases to from 0 04 to 0 05 sec Deep mspiration m1y mcreise the sphtting
to 008 or rarely to 0 10 sec Because of the extreme varibility of sphtting

-
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Taradoucal sphttng of the second <ound may be difscult to cliat 1 the
presence of agrlic stenos, as pulmomc valve closure may be obscured by
the aortic systohc murmur This sign 1s more evstly apprecated 1 the
presence of left bundle branch bloch
¥ /INCREASED DURATION OF SPITTTING SECONDARY 1O PULMON ARY DISEASY
nce normal Mgnc *gmtmgg!.lh&sccond sound at the pulmonie Aea

' ‘\'m@g mepiration, and since s yocrease 15 due to delay ed closure
of the puimame vahve fallowing increased venous feturn _and increased out
put from the nght side of_the heart, st follows that wcreased jptrathoracc

om the nght side ol the hearl, 3 2070h2

negatne pressure will accentuate | this_courze of events This_can be seen
casty itk degp meeabon, but it ceurs 8l wth obstrucion 1o, (b, ., J
spuatory pathway and in the presence of Jesions preventing expansion of

(B TiRES Themselves but not affectms the thotacic cage (for example, fibross
affecting the lungs or the pleura)

EFFECTS OF LOUD PULMONIC VALVE cLOSURE In pulmonaty artery hyper.
tension caused principally by increased flow, the second sound at the pul
monic area 1s usually split and the second component 1s accentuated 1f, on
the ather hand the increased pressure 15 due to increased pulmonary vascular
resistance, there may be tremendous acceptuation of the pulmonie_second
sound, and the sound may appeatcwngle’ g o t

In the presence of increased pulmonary flow, occasionally the second

/sound 1s single on auscultaton, as aortic valye closure may be mashed by
the shunt murmur, but pulmonic closure 15 more ot less delayed because of
the increased duration of vight ventnicular systole Tn the pulmonary vascu
far obstruction syndrome, aostic valve closure may be mashed by the almost
snultancousty occurning, greatly accentuated pulmotme vahe coswre Un

der these circumstances, splhitting may be elicsted better at the asrtic atea
or even at the mitral area N -
:\thena second .ound 35 onr best chimeal
pwde 16 ricteased puimonary artery pressure and althouch an nccenlua}ed
aom'-c second sound suggests wcreased aofie pressure 1t 15 smportant to
that an acc d pul ot gatte second sovnd does not
necessanly prove the presence of pulmonary artery or systemuc hyperten
ston The excitalility of a patient, the thiness of the chest wall, and the

gtzwnc;:i dilatation ot the pulmonary artery ot the aorta may all serve to
Ting about apparent accentuation of Lemitunar

o vahe clo:
monic or 30rtie areas e st the i

Tt 15 more ymportant to d
etect selective accentualion or &
4!
paticular sound relatwe to the other sound: vt

i the cardiac cygle th

wetord smply that a particy o ety thay

AT 501

o P far sound 15 of greater or lesser intensity than

Dy

pulmom‘;‘?m AORTIC OR PULMONIC VALVE CLOSURE 50UNDs A dimimiched

e e \; ;mm: <econd sound does not necessacily mean that diseas
ve m fact, 1t does not even necessanly imply heart disease ¢
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strihing cause 15 shortening of left ventricular systole, 1s m1y oceur 1n
{uyral msufliciency

mevn CLOSURE~ Pulmomic vilve closure may be
delayed under three main sets of _Circumstances

EX'Q(’L/I Late te activation of the nght _ventricular muscu]nturc In some cases of nght bundle

.,

o
~
\

ranch | block 'THiS 13 not a common cause
2 Incrcascd rght ventricalar systolic output as in Iargc\'lﬁfo night shunts due to
! ty venous di , atnal septal defects and sometimes to ventncular

»¢ Septal dcfccts Large atrnial defects wnh low pulmonary vascular resistance and large
\ pulmonary flow are the best examples of this group
1&3 Prolonged night ventricular systole thc presence of severe pulmonic stenosis with
g Ly

1n mtact \enmcul:\r septum -

The duration of splitting of the second sound 1n pulmonic stenosis with
an intact ventnicular septum 1s a manifestation of the severity of the Stenosis
and of the functional capacitv of the right ventricle Sphtting of the second
sound under these circumstances 1s easily missed The aortic valve closure
may not be audible at the pulmonic area because of the loud systolic mur
mur which often envelops the aortic valve closure, and, in the Tore severe
cases, the greatly dimmshed putmonic valve closure may not be audible at
the aortic area Careful listening 1s required for 1dentification of the aortic
closure 1t the second right interspace, then further careful histeming may
be requited to detect the dimimshed and deliyed pulmonic valve closure
at the second left interspace

Drray IN AORTIC VALVE crosurt Depending on the degree of delay n
aortic valve closure, spllttmg of the second sound may be lessened, ngrmnl,
or ncrensed, m accordance with the relationsip of aortic 1c and pulmonic
closure With a shght delay of aortic closure, the second sound will be nar
rowly split or may, n fact, be single If aortic closure becomes sufﬁcxently
delayed to follow pulmonic closure, there may be miore or less splitting of
the second sound, depending entirely on the interval by which aortic closure

4+ foJlows pulmomic It 1s under these circumstances that one encounters para

ﬁxcal sphtting of the second sound This stmply means that during m
sprration the two components of the second “sound occur closer together
rather than further apart, The obvious reason for this 1s that with the normal
delay of pulmonic_closure during mspiration, pulmome closure more and
more approaches the timing of the de]a) ed aortic valve closure Under thesd”
circumstances a second sound which appears singlewith quiet breathing

may become defimtely sphit on deep expiration

Delayed onset of left ventricular contraction as in marked left bundle branch blogh

%ela)ﬁéﬁg_ﬂg}u Iy e closure occlirs under two main sets of circumstances
Y

7

. R

True prolongation of left ventricular systole as may occur 1n severe aortic stenosis
r patent ductus arteriosus
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and ectopic premature beats, all may lead to dimniched intensity of aortic
sahve closure

SPLITTING OF THE HEART SOUNDS I\ RIGHT BUNDLEL
BRANCH BLOCKh

Sphitting of the first heart sound n tight bundle branch block occurs more
commonly than abnormal sphitting of the second sound, but, even so, 1t does
not occur esery time as one mught expect The reason for the Iach of spht
ting 15 not apparent By contrast, i many patients who have ventncular
premature beats there 15 marhed sphtting
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Lmphysema, 1f severe, may cause the heart to be covered with lung tissue,
n which case semilunar valve closure may be almost inaudible Obesity an({
anasarca also create severe difficulties in auscultation Myocrdil lesions
not specifically affecting the valves themselves, and such diseases as myxe
dema, amyloid disease, various forms of myocarditss, or pericarditts, con
strictive or with effusion, may all result in diminution of the mtensity of the
heart sounds

These and many other factors have to be considered mn the mterpretation
of the mtensity of the various sounds encountered during auscultation In
spite of careful consideration of all obvious modifying factors, occasionally
a pattent 1s encountered who has valid pulmonary artery hypertension and
an apparently normal pulmonic valve closure, conversely, a patient may
have a strihingly loud pulmonic valve closure and normal pulmonary arters
pressure ~

These apparent contradictions 1n no way lessen the value of auscultation,
but simply help to prevent one from becoming too dogmatic

P
SINGLE SECOND SOUNDSA 4y, )

LcﬂMAsuw_m;ywks In certain pathologic states the second
sound may appear single because of the listener’s inability to hear an aortic
sound which, nevertheless, may be of normal infensity Ifi severe mutral 1n
competence and in ventricular septal defects, systdlic murmurs may occut
up to or shglitly beyond aortic valve closure, as The resistance of flow mto
the Ieit atrium or the right ventricle may~be less than that into the aorta
The aortic valve clpses when left ventricular pressure fails below dortic
pressure, but this does not mean that the flow from the left to the right ven
tricle, or from the left ventricle to the left atium, will stop precisely at this
time It 1s true that a raprd drop 1n left ventricular pressure results in all
of these events occurring in quich succession, but 1t 1s concetvable that aortic
valve closure may occur first and may be obscured by the murmur of a
ventricular defect or of mitral msufficiency A simular obscuring of the aortic
second sound occurs 1n valvular pulmonic stenosis In patent ductus arters
osus or 1 aortic pulmonary fenestration, where the maxumum blood flow
from the aorta to the pulmonary artery occurs about the time of aortic
closure, 1t 1s common for the contmnuous machinery murmur to obscure
aortic and also pulmonic valve closure
SINGLL SCCOND SOUND DUE TQ DIMINISHED INTFE
. cLoSURL Some patients with severe aortic stenosis have a defimte diminu
tion 1n the intensity of aortic valve closure, probably due to the lack of
mobility of the scarred, fixed cusps This sound may also be dimmshed
when there are lesions causing severe agrtic 1nsulficiency (rheumatic aortic
sufficiency, perforation of valve cusps w 1th bactertal endocarditis, or rup
ture of a sinus of Valsalva into the left ventricle) Poor muscle tone in
myocarditts, low aortic diastolic pressure with shock or severe tachycardia,

OF ADRTIC VALVE
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AP CAL SYSTOLIC MURMURS

the early stages of dev lopment, and the mere desite to collect data from
patients with supposedly “nnogent,” or ¢ functsonal,” rourrurs 15 not an
wdication fot this form of mye tigation

EATRAGARDIAC MURMURS

Often 1t 1s mpossibie to deade whethet @ murmur 15 mtnca:dmc or ex
tracardiac n ongin, and since the terms cmdw\mmq" and “pleuropen
cardial’ frequently are used with uttle real meamng and st less proof, it
mght be better 1o admit our mabibity to clissily these murmurs a:cura".c\v
from an euologe powat of view, and to vse some other tesm, such as ‘not
signiheant ™ to wnphy that the mucmur is not ascoctated with sigmficant
heart disease

Frequently st 1> not possible to decide alter one examination whether a
murewr 1s significant ot not The past fustory, the presence ot absence of
abrormalities revealed by < rays ot electrocardiograms, and follow vp e3
amnations ma, be required before 2 final dia noas can be made

Carduorespiratory murmurs are sad to be wnpossible 1o treingmsh {rom
mutral regur itant murmurs at times but the occurrence of a cardsorespira
tory mutmur mumching both the itensity and the conduction character
1stecs of the mutral regurgant muemur 15 Lk ely to be extremely rate The

evp that cardiorespiratory ate due to gompression of the
lung duning diastole and to the releate of fhs ression Ruth the sudden

lung during duastole and 1o the releate of this compression Rith the sudden
entry of air mto the lung duning cardiac systole 15 difficult to accept, These

@murmurs \ary considerably wath respirattonfFounding more supetficial m
the chest than do the muteal regurgitant murmurs, they qtte@\s:\ppear with
hanges w the patient s position Frequentiygthey occur dunng the latter
part of systoldSRhey may also disappear completely duning some part of
the respiratory cycle, not necessanity at full wspiration

APICAL SYSTOLIC MURMURS I\ DIAGNOSIS OF MITRAL INSUFFICIENCY
The causes of apical systohe murmurs of mutral wsuttiency are many
tee mutral msufficiency p 171} 1t should be stresced that there 15 nothing
s the gk, Wensly oF conduthun of the apcal systolic murmut which

s  the difitrentiation of the underly Mg ¢ause or canses
1n attempting to correlate the Joudne s of the muteal systolic murmur
with the degree of assaciated mutral msufficiency there are seseral factors
1;‘ be c]onsxdere(d Eh:fe mclude the siz¢ and shape of the mtrat valve onifice,
 seloaity of the blood flow 1 the regur, .
gitant jet, the viscosuty of the
?lu:d and \k;e degree to Whith the mutral valyes and1the attached chordae
endineae and papiliary muscles are able to vib

s rate These varables cannot
2; ix;%essed accurately by the we of the stethoscope alone but a}xpreuau:n
! :r:\ g:;“ab‘ts us to understand that some Patients who have free mtral
gurgitation with a large rutr il anfice may bave hittle of no audible apcal



].O / Apical Systolic Murmurs

Aprcal systolic murmurs have a variety of underlying causes, but those
occurring with sigmficant heart disease usually indicate mtral msufficiency

In the early part of the twentieth century, these murmurs were regarded
s having a bad prognoss, then as the results of long term follow up exam
mations becime known, especially those of World War T soldiers, the pen
dulum swung the other way, ind 1n 1926 Cabot ! stated, “Systolic murmurs
without other signs of cardiac disease are of no importance as evidence of
valve lesions,” and that, “A diagnosis of mutral regurgitation without sten
os1s 15 never justified ” As usual, the truth seems to lie somewhere between
the two extremes, and, today, most physicians accept both concepts of
mitral msufficiency—that of an 1solated lesion as well as that of mitral 1n
sufficiency associated with matral stenosis

The unrehability of fluoroscopy, electrocardiography, and electrohymog
riphy n the evaluation of apical systolic murmurs would leave the observer
on dangerous grounds were 1t not for the exploring finger of the surgeon
During recent years, the frequency with which surgeons have detected sig
nificant regurgitant Jets of mitral insufficiency at operation when the con
cition had not been suspected chnically, has been 2 source of considerable
embarrassment to the physician

DIFTTRENTIAL DIAGNOSIS

All physicians encounter apical systolic murmurs 1n patients m whom
roentgenologic and electrocardiographic examinations reveal no other signs
of heart disease, and whose past history and lack of symptoms give no rea
son to suspect the presence of any form of heart disease At postmortem ex
amination, some of these persons have been found to have anatomucally
normal hearts Of course, this does not rule out the posstbility of 1 function
ally abnormal heart during life, at the present time, there seems to be hittie
likelihood of this problem being solved The supposed rarity of orgamic pul
monic stenosis 1 the past, and 1ts relative frequency since the introduction
of cardiac catheterization, should warn us to be wary of driwing final physio
Jogic conclusions from gross wnatomic appearances The problem 15 more
difficult 1n the consideration of lesions of the left side of the heart, such 1s
mutral regurgitation  Catheterization of the left side of the heart 1s stil 1n
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].]. / Apical Diastolic and Presystolic Murmurs Due to
Causes Other than Mitral Stenosis

Apical diastolic or presy stolic murmurs always ndicate structural or
nocent _murmurs  Although they are most frequently caused by mtral
Stenosts, nevertheless there are many other causes of these murmuts or of
auscultatory phenomena winch may simulate them

In this chapter we shall di cuss why many lesions may be accompaned by
apical diastohe murmurs and will mention briefly certan anomalies which
are not presented more fully elsewhere mn the book ost of the e conditions
can be easily distingwished from mutral stenosis by their hit tory, the age of
discovery of the murmur, or vanous other charactenstic chmeal electro-
cardiographic, ot roentgenologic observations We shall not include murmurs
which are tricuspid 1n ongin and which transmt across to the cardiac aper,
such as the diastolic rumble of atnial <eptal defect

CHARACTERISTICS

These murmurs are of low to moderate intensity and are usually of low
ot occasionally medium frequency They commence at the time of the nor
mal third sound and continue through md diastole or even into presystole
Usually they do not terminate with a presystolic crescendo Because of this
great vaniability in intensity and duration, some murmurs are heard over a
large area surrounding the apex while others may be confined to an area no
more than 1 or 2 nches in diameter Like the murmur of mtral stenosis

these murmurs are heard best when the patient 1s in the left lateral decubitus
posttion with the breath held 1 mod

3

CAUSES

In general apical mid drastelic murmurs are associated wath one or more
of three mam structural or physiologie abnormahties

' |t Increased flow across a normal mitral valve
NY

?  Flow across a normal mitral valy
e 1mto a dilated left vent
3 Obstruction of the mitral onfice el

1
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systolic murmur, whereas others with tight mutrnl stenosis and Tittle re
gurgitation may have loud systohic murmurs

APICAL SYSTOLIC MURMURS IN CONGENITAL HEART DISLAST

Whereas apical diastolic murmurs are common 1n congenital heart dis
ease, apical systolic murmurs are relatively rare Congestive failure, second
ary to some left sided lesion such as coarctation of the norta, severe aortic
stenosis, endocardial fibro elastosis, or myocarditis, mty be accompamed
by mutral regurgitation as part of the picture of general cardiac dilatation or
fulure The mutral valve itself may be deformed by endocardial fibro
elastosts, with mutral nsufficiency resulting Congenital defects yolving
the mitral valve are not common, but 1n atricventricularis communis or 1n
the septum primum type of atrial septal defect, with corrected transporta
tion, and occasionally with ventricular defects or secundum atrial defects,
the mitral valve may be structurally mnlformed, causing mitral insufficiency
accompamed by the typical blowing apical systolic murmur

APICAL $1STOLIC MURMURS OF UNKNOWN ORIGIN

A patient may have a loud apical systolic murmur for which there appears
to be no adequate explanition Sometimes these murmurs are affected by
position or respiration, or they tend to come and go with no apparent rev
son, often they have a peculiar quility and may sound quite unhhe the
usual cardiac murmurs In some of these instances postmortem exinunation
has revealed no apparent cardiac lesion

SUMMARY

A loud apical systolic murmur 1s 1lmost always chmeally mmportant It
1s possible that the underlying cause (such as acute cirdiac dilatation) may
be only temporary and may respond to some form of treatment Neverthe
less, the murmur at the time of auscultation must be considered as ndicat
g sigmficant heart disense

RETTRINCES

1 Cabot R C TFacts on the heart Philadelphta W B Saunders Company 1926 pp
291 and 296
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APICAL DIASTOLIC AND PRESYSTOLIC MURMURS

complete atroventnicular bloch, 1n both of which a large vofume of bloo;l\
flows 1ato the ventncles eatly n diastole The one factor common fo @
these lesions 15 increased flow across a normal, or perhaps a dilated, mitral
valve, this rﬁwl\;@,cs&\mh the production of a mur
Toue

APICAL DIASTOLIC MURSIURS WITH RUPTURE OF THE INTERVFN\TRICULAR
SEPTUM FOLLOWING MSOCAROIAL 1hrarcTion  Rupture of the tenientne
ulat septum may Tesult m the classical lowner left sternal border systohc
murmur of \ entnicular septal defect together with an apical diastohe rumble
This lesion should be suspected if these murmurs appear suddenly 1n a pa
tient following an or p ptal myocardial infarction

FLOW ACROSS A ORMAL MITRAL VALVE INTO A DILATED LEFT
ventricee (Fios 65, 66, anD 67)

In 1923 Wood and White ! reviened a senes of patients who had apical
diastobic mutmurs but no mtral stenasts The one factor which appeared
common to these lesions was left ventricular dilatation, and, although this
15 undoubtedly important 1 tany of the anomahes which tause increased

flow across the mutral valve, 1t appears to be the pnincipal factor i the fol
lowing conditions

1 Vanous forms of myocardis (agute rheumatic givocatditys, nfectious myocarditis
and endocardual fibro-elastosss without valvular snsolsement)

1$lungﬂ[s LU F:( will

Blb 114}

j
h 22 |2 4

l | i
,Avex ‘

T T T

Flg 85 (Apex Log and Inea ) A open n
P col m d d astal pening sound and
; ale muteus w ity an
 third sound 10 a § year old patient -Iv th progenia and loft vantricular 4 I:hl|"...‘t:llw :g
normal £ 4t saynd 008 ;
o und (1) 2 ¢ after fhe ontat of the QRS

ol & murmur ISM) ¢
the st component much '“d";‘*; P oM nent second sound

an fhe s

Polen 1 aq. ey low i d:ml © mu et WOM) Sollowing the ihi d h.::,:d u‘; toud

Wallt <o dad babwoan the 5 Z.:.; :l ;e....d {41 The opaning of the atriovents m:::-; d and
e

¥ second baert sound "d thrd heart sounds 010 ga¢ Altas the beg nnlng! ;,r

comple  the low intennty decr

12 2) 4pl4 by 003 sec wth
th db et sound 13) the md



160 HEART SQUNDS AND MURMURS

INCRLASED FLOW ACROSS A NORMAL MITRAL VALVE (T'1Gs 63 AnD 64)

The most outstanding causes of apical mid drastolic murmurs 1n this group
are the large left to nght shunts, either at the ventricular Jevel through a
wwentricular septal defect or at the aortic level via avpfitent ductus arteriosus,
an\attic pulmonary artery fistula, or a‘rtDtured sinus of Valsalva Less
common causes are peripheralsafieriovenous fistulas, either congemtal or
acquired, and other lesions causing increased cardiac output, such as severe
wafiemia or, rarely, thyfotoxicosis Perhaps we should also include here the
apical diastolic murmur associated withundfral insufficiency and that of

s, e
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Fig 63 {Apex Log ) Presystolic murmur associated with a septum primum type of atrial
defect Note the normal first heart sound (1) 006 sec after the onset of the QRS complex
the systolic murmur (SM) of moderately high intensity and medium frequency the moderately
loud second heart sound 12) split by 002 sec the atrial sound (4} and the presystolic
murmur (PSM) not crescendic following the fourth sound
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Fig 64 (Apex Log) Apical systolic end presystolic murmurs assocrated with a cleft
medial cusp of the mitral valve 1n & septum primum defect Note the normal intensity ’ﬁn:
sound (1) 009 sac after the onset of the QRS complex the holosystolic murmur (:NL o'
medium frequency and low to moderate intensity the widely split (006 sec ) socond heor!
sound (2 21 and the do decrescendo presystolic murmun (PSM}
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tolic of presystolic Turmurs 1n persons with normal mml::“\;:\a ensd :; ;};(\)1\\‘;
3t postnprien esznuRAtIon 15&:; en:e‘x; :303 Sa(cx;tl:(; er:gur;,l
ardiomegaly {ro
29:\?21:13:;:: mg\{\m: }I'he Austn Fhint Murmur 152 prc;) stolic m‘\;:\;‘
MUT OCRUTTING 10 patients who have free aortic regurptation ut r;]o mt
denoms Tuis impossible to make the diag! in the presence of ;urx;]auc
Teart disea €, and 1t can be made with confidence only s pantntsr who .’HL;
syphilitic aottic regurgitatian. and do not have an accentuated first sound
mag S0

” ':?;::L:\isws\c \JURMUR 3N THE PRESENCE OF A RUPTURFD TAPILLARY
wwserg In 1933 Craddock and hus associates reviewed 43 cases of rup
ured papilary muscles and stated that diastolic murmurs were noted m >
and systolic rurmurs m 19

Loud apcal sy stalic murmurs oceurnng after acute antemor my ocardinl
ifarctian 1 patients 1 whom these murmurs had not been pre ent prev:
ausly <hould suggest this diagnosis

{IRTUAL OR RELATIVE MITRAL STENOSIS In 1897 Rolleston and Dichin
<on® reporfed 3 cases i winch postmortem examunation Teveated all the
anatome detarls of mutral stenosts but on such a scale that true stenoas, by
measurement did not exist The valve segments were thichened and welded
together sa as to form a funnel, but the actual onfice was as large as, or
farger than, normal and the left ventnicle was greatly dilated

The apical systolic murmur of mutral regurgitation was present and fre
quently & mitral presystohe murmur alse

LESIONS CAUSTAG OBSTRLCTION OF THF MITRAL VALYF ORIFICF

Lesions other than mitral stenosis which cause mitrat valve obstruction
are rare They mclude ball valse thrombs or tumars of the left atnum, for
exgn bodues such as shrapnel sn the valve ning and the rare case of external
compression due to constrietive pericarditis nith <evere calaum deposits m
the left atnosentricular groove

BALL VALVE THROMBI AND TUMORs IN THE LEFT ATRIUY (r1ic 68} Ball
ralte thromb or tumors such as mvxoma in the left atnum may cause
amieal drasiohe murmurs sch cannot be distinguished from those of mitra)
stenosiy except that an opening snap 15 rarely eacountered

There are some 1) s clues to the diagnosss in those cases wherc
the mass hies free m the left atnal cavity The heart sounds and murmurs
may vary 1o quabty and tn intensity frem beat 1o beat or at Larying inter
al - depending on the degree to which the mass obstructs the orifice of th
walve and snterferes with s function In Addition, cheline sound "
scattered wregulacly throughout systale and dnasu;le i ey be
mi’:ncr::(: }ik “\‘:\l r\“::\;c::me thrombus or tumar mass 1s fixed 1n s re

r who have a pedanculated t
through the mitral valve down 1nte the Jef e endig
efl ventuicular cavity, there may be
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Fig 86 (Apex Log) Mid diastolic and presystolic murmurs n cardiomegaly associated
with cirthosis of the liver secondary to vitamin B deficiency Note the moderate intensity
first sound {1) 010 sec after the onset of the QRS complex the low frequency low intensity
systolic murmur {SM} the normal sntensity second sound (2} spht by 004 sec the mid
diastolic vibrations around the timing of the third sound (3) and the presystolic erescendic
vibrations {PSM) of low frequency and low to moderate intensity

[
|
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Fig 67 (Apex Log ) Mid disstolic and presystolic murmurs in coarctation of the aorta
Note the prominent first sound (1) 008 sec after the onset of the QRS complex the early
crescendo decrescendo systolic murmur (SM) of medium frequency and moderate sntensity
with the apex of the murmur before mid systole the normal second heart sound (2) the
mid diastohe murmur (DM) of low frequency and low intensity and the presystolie murmur
(PSM) crescendic up to the first sound

Severe systemic hypertension with cardiomegaly but without aortic msufficency
Tree aortic_regurgitation
Occastonally with cardiomegaly following acute mvocardial mfarction

Ventricular tneurysm
Adhesive pericarditis
Severe anemna (other factors such as increased cardme output and sltered blood

viscosity are also important 1n this group)

ApHrsVE prricarpiTis Throughout the hterature there are numerous
accounts of apical diastolic rumbles wn patients with adhesive pencarditis
In 1894 Fisher reviewed the records of 13 children with this condition
Hypertrophy and dilatation of the left ventricle occurred i all 13 at post
mortem examination, all had normal mitral valves, yet 5 of the 13 had had

apical diastolic rumbles
AORTIC INSUTFICIENCY In 1895 Phear ® reviewed 46 cases of apical dias

2NN

~
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+ Log) Vibrat ons following #he sscond heact saund which could be m s
..ﬂi f::.l.?:wh:umb|. Note the loud st heart sound (1) 006 sec .n-»;h. .,,.,.o]
of the ORS comple  The fow intens ty mad um froquancy systol & murmur (smh, ¢ rormal
socond heart sound (2 ) with the sacond component much lass wtense than the fist oo
the low atans ty thed heart sound {3} The decrescendo tacond heart sound {2} An" the
thrd hesrt sound (3] together with the vb atons between the second and third heart
s unds could be m staken for an sarly fow f equency d attol ¢ murmar

tion  Postmortem exanunation revealed apparently normal hearts with
normal mutral valves

In 1931 Bramwell and Ellis® noted either a presystolic murmur or an
accentuated first sound at the cardsac apev in 12 Olympic marathon runners
They stated that the auscultatory results were 1dentical with those encount
ered in mmal stenosis

In 1949, Ahmurung and his co workers *® presented 8 cases in which the
first heart sound at the apex had been mistaken for a presystohic murmur
In all of these cases the first sound had a crescendic configuration on the
phonocardiogram There may be many causes for this crescendic effect

L Tn some cases the st sound 1w sphit with the second part of the pht bewg louder
than the first part

2 There may be an early systolic chck as seen In some cases of aortic Tegurgitation
or stenosis with a dilated ascending aorta or m pulmonary hypertension If this click
& preceded by a broad fitst sound or by a short systohe murmur then 1t Tay not be
possible to distingwish these sound from a presvstolic crescendo murmar

3 Oceasionally the atrial components of the Girst sound may be more marked than

wual and the combination of this followed by a shamp valve closure may amulate a
presystolic ¢rescendo murmue

APICAL DIASTOLIC VIBRATIONS IN THE EARLY STAGES OF
RHEUMATIC MITRAL VALVULAR DISEASE

In 1940 Taquin and his associates ! d
escribed certan phoneca
graphic observations ina group of patient P o

s with rheumatic heart disease who,
after chmcal examination, were thought to have diastohc rumbles The);
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Fig &8 (Apexlog with apex cardiogram} Variahons in the rapid inflow wave and in the
intensity of the third heart sound in a ball valve thrombus of the left atrum Note the normal
first heart sound (1) 008 sec after the onset of the QRS complex the decrescendo lfow
intensity systolic murmur (SM) the normal second heart sound (2) the third heart sound (3]
fouder in the first cycle than in the second and coineiding with a rapid inflow wave (RI) of
the apex cardiogram which 1s more marked 1n the first cycle than in the second and the
systolic clicks {SC) and diastolic clicks (DC) which occur occasronally The diastolic vibra
tions following the third heart sound are less marked in the second cardiac cycle Muscle
tremor accounts for the irregular baseline on the electrocardiogram

no variation in the sounds and murmurs from beat to beat, and the murmur
may resemble the classic murmur of mutral stenosis

CALCIFIED PERICARDIUM WITH EXTERNAL MITRAL STENOSIS The associa
tion of constrictive pericarditis and rheumatic mitral stenosis 1s exceedingly
rare In the only case in which we made this diagnosis with confidence, op
eration revealed heavy calcium deposits 1n the left atrioventricular groove,
causing external compression of the mitral ring After successful pericard:
ectomy the apical mid diastolic rumble, which had been clearly audible
prior to operation, disappeared completely

AUSCULTATORY SIGNS IN NORMAL OR SLIGHTLY DILATED
HEARTS IMITATING APICAL DIASTOLIC OR PRESYSTOLIC
MURMURS (FIG 69)

NORMAL HEARTS WITH A MURMUR CLOSLLY RESEMBLING THE
PRESYSTOLIC MURMUR OF MITRAL STENOSIS

In 1909, Henry Sewall * stated that n structurally normal hearts, espe
cially during excitement, the first heart sound frequently 1s crescendic,
closely simulating exther a short apical presystolic murmur, or an accen
tuated first heart sound similar to that of organic mitral stenosis

It 15 possible that 1n some cases of dilatation of the left ventricle, imper
fect closure of the mitral valve may result from dilatation of the mutral ring,
or the mutral valve leaflets may close completely only after systole has been
1 progress for a short time This could explain a regurgitant murmur early
1n systole, before the actual occurrence of the first sound, wiich may be
delayed, or 1ts eatly components may be mashed by the murmur

n 1922, Trons and Jennings ® reported 4 cases diagnosed as mutral sten
osts during life because of a short presystolic murmur heard on ausculta
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9 Bramwell C and Eli R Some observations on the airculatory mechanism 1n mara
thon runners Quart J Med 24 329 1931

10 Abmurune M M Rappaport M B and Sprazue H B Vanations in first apeal
sound amulatiog  o-called  presystolic murmur of mutral stenosis  Phonocardio
graphic study “\ew England J Med 241 631 1949

11 Taqumt A € Ma ell B F and Walh B J Phonocardiographic tudies of earls
rtheumatic mtrsl di ease Am Heart J 20 295 1940



166 HEART SOUNDS AND MURMURS

stated that a patient with rheumatic mitral valve involvement of less than
one year’s duration, always has an apical systolic murmur of at least mod
erate intensity, and frequently, in addition, has a moderately loud extra
heart sound (third sound) or a rumbling murmur 1n diastole Somefimes,
prolongation of the vibrations of the third sound produced the acoustic effect
of a rumble, whereas, at other times the vibrations of an atral sound occur
ring shortly after, or superimposed on, the prolonged vibrations of a third
heart sound enhanced the acoustic effect of a rumble

A brief consideration of this paper brings up two questions which cannot
be answered easily (1) When does a prolonged third sound become a rum
ble? (2) When do atnal sound vibrations become a presystolic murmur?

It would seem that since most of these patients did have nutral nsuffi
ciency, the blood flow from the left atrium to the left ventricle during dias
tole would be greater than normal This mcreased filling early n dias
tole would undoubtedly give nise to a loud third heart sound 1n some patients
and to a third sound together with a true rumble 1n others Obsiously there
must be patients 11 whom a strict dividing line 1s 1mposstble The same diftt
culty would arise with atrial sounds and presystolic murmurs

SUMMARY

This discussion of some of the many causes of apical diastolic murmurs
seems to suggest that the presence of such a murmur 1s by no means sufit
cient evidence for a diagnosis of mutral stenosis A careful chnical history,
the age of the patient, and all accessory information which 1s available may
be necessary for an accurate appraisal There are some cases m which, m
spite of all presently employed methods of examnation, the condition of the
mutral valve cannot be evaluated without direct observation, either at sur
gery or at postimortem examnation
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12 / Mitral Valve

MITRAL INSUEFICIENCY
CAUSES OF APICAL SYSTOLIC MURMURS OF MITRAL INSUEFICIENCY
.~ ACUTE RHEUMATIC 31 0CARDITIS Generaized cardia¢ dhilatation wtth ll’;
“olvement of the mitral nng, 3s well as the acute inflammatary process a
fecting the valves themselves may accompany acute theumatic heart disease
This subject 1s discussed more full on pages 234,235
CHRONIC RIEUMATIC HEART DISEASE (SEE PP 240 244) I’tlm’anenLdam
age to the mitral valve, causing mutral insufnciency, 1s 2 frequent sequela of
acute theumatic carditis This damage, though permanent 1n the sense that
the valves never return to normal, may, nevestheless, change 1n degsee as
the years go by and mitral msufucrency may become more or Jess marhed,
or mitral stenosis may develop and, 1 time, may become the domunant
Teston
M3OCARDITIS FROM VARIOUS OTHER CaUSks Difatation of the left ven
trcle, with stretching of the mutral ning as part of the pathologic process,
may occur after almost any form of severe myocarditis and snsufticiency
occurs 1f the valve Teaflets are not adequate to cover the enlarged mitral
ortfice
DILATATION AND FAILURE OF THE LEFT VENTRICLE Mutral msufnciency

may result from dilatation and failure of the left ventricle, regardless of 1ts
cause The more common causes are

1 Hypertension erther essential or secondary to conditrons suth as nephntis or
coazctation of the aorta
2 Aortic stenoa

3 \yocardial tibrasis assaciated with di ea e of the coronary artenies ot with long
standing anemma

+ Acute cardiac faiture following rmyocardial mfarchion or sudden 1oss of blood
5 Luetic or theumatsc aortic regurpitation
& Thvrotoxicosis

Endocarditis acute or subscate wsually secondary to theumatic or congenstal Jessony
‘:\:Lcteml endocfir&gs_ causes the most stnking deformities of the mitral
X ¢ THeFapid growin of massive ‘egetations in acute bactenial endocay
ht1s, 25 well as the sloner dev elopment 1 the subacute form results
regurgitation from interference with al

valie closure and alo from actual
1
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left ventncular nflow n carly diastole ‘The systolic
no;zzz:iii?::f::;:;\? ;lx]:Jscu: Rupture of a papifiary muscle is m‘i;h

hordae tendimeae Tt rarely occurs ta the
mO;i s\i:lt)r‘:il';ha:n:iulx:t:: lx)t[ g;ees’: 1? 1s due to endocardiis Rupture of a
:ﬁual paplllax{y muscle almost alnays follows myocardial ‘m(mchm;,d ::‘:
since the cardiac reserve 15 poor 1 these patients, acute pu! TT“"““"!‘Mce i
or pertpheral circulatory collapse :-esults The posterior muscie 1s
monly affected as the antenor
Co?hls le);lon may be accompanied by apical systolic or diastolic murmurs,
or both Some patients have been described 1n whom there were no murmurs,
and considering the state of collapse and the reduced cardiac output as<o
aated with the infarct, this 1s not surpnsing
The history of sudden onset, associated with the chinical findings of an
acute myocardial infarction and the precarious chinical status of the patient,
shonld help to differentiate this condtion from that of rupture of the chordae
tendineae However, 1t bas also been reported as due to syphihs, frauma,
and polyartentis nodosa
CALCIFICATION OF MITRAL VALVE LEAFLETs Calcification 15 often seen in
the mutral valve leaflets of patients who have rheumatic heart disease If
the calaification 15 extensive, the free margins of the vahes are often 1n
volved, whereas 1f the deposits are smaller, 1t 15 usually the body of the
leaflets or the adjacent left atrial wall which 15 affected There 15 almost
always considerable deformuty of the mitral valve, and, while the predom
inant Jesion 1s usually mitral stenosis, there may also be considerable mitral
nsufficiency A chmeal point which may be confusing 1s that even with tight
nutral stenosis, the first heart sound may be normal or diminished m 1
tensity because of the fixed, fibrotic, and caleified mutral salve If an apical
systolic murmur ts present, the chmician may well be misled into making a
diagnosis of predomnant mutral insufficiency Even when the valve onfice
1s nd, and usable to close mutral insufficiency may not be present because
the mobility of the cusps may permit apposition of the leaflets dunng ven
tnicular systole
CALCIFICATION OF MITRAL RING Occasionally, an apical systolic murmur
(usually loud, sometimes harsh, and sometimes rather musical 1n character)
oceurs 1n persons beyond middle age Such persons may have calesfication
of the mitral ring Simon and Liu  observed this caletfication at postmartem
ey o it o o o 12 1,y o
1o approenate] ) e had associated aortic valvular calesfica
y ope fourth had some degree of dilatation or hyper
trophy of the left atrum, and m two thirds there was an apieal systolic
murmur, usually described as loud, rough, or musica

1
1t 15 believed that extensive calcification of the mytral nng nterferes with
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ulceration or perforation of the cusps or rupture of chordae Soft systolic
murmurs are common 1n nfectious states, but the appearance of a loud mur
mur 1n the presence of known bacterenia usually indicates a desteuctive
process 1t the valve Subacute bactersal endocarditis 1s mueh more frequently
assocated with rheumatic mitral insufficiency than with Ingh_grade steriosis,
therefore, a systolic murmur 1s usually present for years before the bacterial
complication occurs However, acute bacterial endocarditis may imolie
previously normal valves During the course of the bacterial endocarditss,
mtral diastolic murmurs related to increasing obstruction of the valve by
the vegetations may appear

FEBRILT STATES Any condition causing a sufficient increase 1n heart rate
and stroke volume may produce systolic murmurs not ordinanly present
T'requently these murmurs can be recorded best at the pulmonic area, but
they may be heard well at the cardiac apex, and their exact cause 1s not
known \Vhen cardiomegaly 1s present, mitral regurgitation secondary to a
dilated mitral ring could be the cause, but this does not represent the ma
Jjonty of cases Whatever the cause, the chmaan 1s advised to be wary of
placing too much emphasis on the presence of murmurs under these con
ditions

APICAL SYSTOLIC MURMURS APPEARING AFTER EXERCISE In the great ma
Jjonty of healthy persons, moderate to vigorous exercise results in the tem
porary production of clearly audible apical systolic murmurs It 1s our belief
that the appearance of an apical systolic murmur after excrcise, where none
has been audible previously, 1s probably of no chnical significance

PregNANCY Dunng pregnancy, several factors, each of which could
produce a murmur independently, are combined in one patient These fac
tors include persistent tachycardia, change n cardiac position, alterations in
the volume and composition of the blood, and increased cardiac output

NEUROCIRCULATORY ASTHENIA Apical or basal cardiac systolic murmurs
are often encountered n this condition, and attnibuting these murmurs to
organic heart disease can do endless harm

RUPTURE OF THE CHORDAE TENDINEAE OF THE MITRAL VALVE This rela
tively uncommon event has been reported to occur spontaneously as well as
following bactenal endocarditis, severe external trauma to the chest, and
prolonged rheumatic fever

The sevenity of the mitral regurgitation which follows the rupture de
pends on which leaflet of the mutral valve 1s affected and on the degree to
which 1t 15 affected If the lesion involves the anteromedial or aortic leaflet
of the mutral valve, the degree of regurgitation 1s much greater than when
the posterolateral or ventricular leaflet 1s nvolved

Usually, the murmurs are harsh and blowing, loud 1n ntensity, and maxt
mal at the apex and across to the lower left sternal border As would be
expected, they are conducted well to the left axlla and leit lung base Occa
sionally, apical mid diastolic murmurs are also heard, these may well be
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cntena for the diagnosis of ml(rzg u;:ufr;cxe;:xcy :lx!;g “n‘(:‘;a‘t:‘ett;aa!:ac::‘a :::\2
tno plus or louder) which s ,

22:::&:0\(1% :;dsfo‘e, anlz! 15 well conducted to the left aulla and \eitg:ng b::;,
15 used 3s a cniterion, many cases of mutral regurgitation Wil ;us !
However, since mitral regurptation 1s well tolerated 1 1t. lesser degree {
fess hatm will be done by overiooking these cases, than by labeling all aptcal
systolie muemurs as indicatie of sigmficant mutral msufnciency A full con
sderaton of such factors as the quahty intensity, and transnmssion of the
murmur will enable 3 more accurate diag and a better app at
the prognosis

Hearr sounns

FrosT Hearr SOUND  In the presence of pute mutral insulnciency the first
heart sound may be dimimshed, but with associated ruitral stenosts it may
be normal_or accentuated If mtral wsufficiency 15 secondary to acute
thewmatic fever there may be a further dimnution in the wmtensity of the
first heart sound especially yf first degree heart block 1s present W hen mitral
wwufficiency 1s present, phonocardiographie analysis of the first sound re
veals that 1n many cases where a dimmshed first heart sound had been
nated clinscally the watensity had actuatly been normal but had been mashed
by the loud systobie murmur -

SECOND HEART ounD Since mutral msuffictency 15 often assoctated with
elevated left attial, pulmonary capitlary, and pulmonary artery pressures,
15 not unusual to encounter an accentuated second sound at the pulmomc
area A well-<plit_econd sound may be noted, possibly caused by shortening
of left ventricular systole with early closure of the aortic sahes

Tump HEART S0LAD Because of the increased left atnal blood tolume
and the 4 oft-atrial pressure, early diastohc Tlng occurs under
conditions which are an exaggeration of those factors normally canterbuting,
to the production of the physicloge third sound Increased diastohe flow

under increased pressure {requently results in a Joud thizd heart sound when
there 15 only a moderate degree of mitral wsufficiency

FLALUATION OF MITRAL REGURGITATION

The arcurate assessment of mutral msulhciency m patients requinng op
eration for the relief of mitral stenosis 1s parbeularly mmpartant Whale 3t

15 true that muld or even moderate degrees af mitral wsufficiency do not
€ cate mutral and alth

gh there have been some
reports of the mitra) isutficrency being lessened alter thys operatian, neyer
theless severe degrees of mytra) regurgitation nerease the lmmnd(a\e op~
erauve nish and duminish the chances of 2 fasorable fong term prognosis
th:n‘::f‘en! years most studies of mutral regurgitation hase been based on
y acceptance of the surgeon s abilsty
y 1o detect this condition
OpErANen 1f 1t 1y present and to ryle gt out 1 2818 Bot Hence the pe:cenla::
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the usual systolic contraction and diastolic relaxation of the ring thought to
occur under nermal conditions As a result, the mutral leaflet cannot close
completely, and mutral regurgitation results The lesion 1s thought to be
atherosclerotic i origin It should be noted that the mutral valve leaflets are
relatively normal in this condition, 1s opposed to rheumatic heart disease,
where they may be constderably deformed

Kantrowitz® devised a bloodless heart preparation which demonstrated
the importance of the 1nnulus of the mitral valve and emphasized the re
marhable amount of movement which occurs at the valve ring itself During
ventnicular systole, there 15 a rhythmic sphincter hke contraction of the
entire mitral ring, with considerable reduction 1n the size of the atrioven
trrcular canal which remains to be closed by the mitral cusps These facts
emphasize that both muscular and valvular movements are important 1 the
effiient functioning of the mitral valve, and that calcification of the mutral
annulus, preventing its contraction, could result i mutral regurgitation mn
the presence of normal valve leaflets

MITRAL INSUFFICIENCY IN THF PRFSLNCE OF MITRAL STENOsIS Some
times 1n the presence of severe mutral stenosis, there may be a loud (grade
three to four) apical systolic murmur n addition to the typical murmur of
mitral stenosis This loud murmur represents mitral insufficiency, but the
loudness of the murmur may nof indicate the degree of regurgitation Pos
sibly, 1n such cases, the mitral orifice may be small and fixed 1n shape, be
cause of the hard, fibrotic, and even calafied valve leaflets Under these
conditions, a relatively small regurgitant jet may be 1ccompanied by a loud
murmur The situation 1s somewhat analogous to that of the loud murmur
which accompanies the small left to right shunt through a Roger type of
ventricular septal defect

PROGNOSIS OF SIGNIFICANT MITRAL S\STOLIC MURMURS
(SEE APICAL SYSTOLIC MURMURS, P 171)

Apical systolic murmurs indicating mitral msufficiency may be compatible
with a long Iife, with few 1f any signs of cardiac disability However, more
often, the murmur represents some 1bnormality which 1f not corrected usu
ally results n a reduction of the patient’s exercise tolerance and also may
shorten his expected life span

In White’s ¢ series of 1050 private patients, 270 had loud systolic mur
murs, 75 (28 per cent) of these died within a few years of discovery of the
murmur Moderately loud systolic murmurs were present 1n 240 of whom
41 (17 per cent) died within a few yeirs Shight systohe murmurs occurred
1 490, and 47 (9 6 per cent) of these died within a few years These pa
tients having been referred to a cardiac consultant, probably had had their
murmurs for varying periods prior to being seen by Dr White, but even so,
the conclusions are obvious

It 1s apparent that, as far as apical systolic murmurs are concerned, the
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entena for the diagnosis of muteal wsufticrency :re not adcqc\}x)ale :( rn ;g:‘t:
hich 1s blowing in character,
oy (grade tno plus or louder) w
?}‘:oug’nm(f systole, and 1s well canducted 1o the left axilla and left lung base,
15 used 23 3 cntenon MARY cases of mutral regurgitation wall be missed
Howerer, since mitral regurgitation 18 well tolerated n 1its lesser degtees{
f

1ess hatm will be done by overlooking these cases, than by labeling, all apica
systobie Turmars as mdseatise of sigmficant mitral smsufficiency A full con
sideratron of such factors as the quabty, ntensity, and transmission of the
e will eaable a mote accurate diagnosis and 3 better appreciation of
the prognosis

HEART SOUNDS

Fest HeART sourp  In the presence of pure mitral sufficiency the first
featt sound may be d hed but with d mutral stenosis 1t may
be nowmal_or accentuated 1f mitral nsufficiency 15 secondary to acute
rheumatic feser there mav be a {urther dimmnution in the intensity of the
first heart sound especially sf first degree heart block 15 present W\ hen mutral

15 present pt d phic analysie of the first sound re
\eals that tm mamy cases where a dimmshed first heart sound had been
noted climcally the intensity bad actually been normal but had been maﬂ\ﬁd
by the loud systolic murmur

Seconp REART SOUND  Since mutral y s often d with
elevated left atnal, puimenary capillary and pulmonary artery pressures,
TS not unusual to encounter an accentuated secong sound at the pulmonic
area 4 wel] spht second sound may be noted, possibly cauced by shortening
of left ventrcular systole with early closure of the aortic vahes

THIRD HEART sOUND Because af the increased Jeft atrial blood volume
and th -

3

Poasbindlpai Ll
e ngr ft-atrial-pressure, early diastohc filhng occurs under
which are an e

P aof those factors normally contributing

to the production of the physiologie third sound Increased diastohic flow
under wereased pressure frequently results 1 2 loud third heart <ound when
there 15 ondy a moderate degree of mural msufficiency

EVALLATION OF MITRAL RECURCITATION
The accurate of mtral ity M pauents requining ap
eration for the relief of mutral stenomyis 15 parncularly mmportant While it
15 true that mild or even moderate Qegrees of mutral wsufficiency do not
contramd mitral co Y, and, although there have been some
reports of the ritral msufficieney being lessened after ths operation, neyer
theless setere degrees of mitra) regurgitation werease the immeﬂ;a!e o]
erative rish and duminish the chances of a fasorable long term pro o%f’
In recent years most studies of mtral regurgitation have been b':s;:d os
the ready acceptance of the surgeon s abibty to detect this condn .
operation it it 15 present, and to rule 1t out M2t 1s not Hence the mrt:\)\z\la;
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figures quoted as an index of the accuracy of the different methods of 1nves
tigation are compared with a standard established by the surgeon’s palpat
g finger Although the latter 15 our best available confirmatory evidence
of mitral nsufficiency, 1t suffers from several obvious limitations Among
these are the variations 1 shill and experience of different surgeons, the
sensitivity of their palpating fingers, and the altered physiologic conditions
These latter include a generally lowered systemic pressure and, especially,
a lowered left atrral pressure Since the degree of mutral wmsufficiency must
be related to the pressure differences between the left ventricle and the left
atrium during ventricular systole, as well as to the degree of valvular mcom
petence, 1t 15 obvious that any sigmficant changes 1n the heart rate or blood
pressure may affect the degree of mnsufficiency

While 1t 1s said that left ventricular enlargement associated with mutral
vahe disease indicates mutral mnsufficiency when there 1s no aortic valve dis
ease, hypertension, rheumatic myocarditis, or left ventricular failure, this
statement requires some qualifications To rule out the presence of hyper
tension 15 simple, but the assessment of the other factors 1n the presence of
severe mitral stenosis can be one of the most difficult problems in differen
tial diagnosis If Aschoff bodies can be taken as an windication of 1n active
rheumatic process, then we hnow from numerous studies of cardiac muscle
obtamed at biopsy that low grade active rheumatic fever cannot be excluded
by any presently known chinical or laboratory tion The t
of aortic valve disease 1n the presence of severe mutral stenosis with dimin
1shed cardiac output 1s exceedingly difficult Patients have been known to
have been operated on for tight mutral stenosis, which indeed they had, only
to die in the immediate postoperative period from previously unsuspected
severe aortic stenosis which was not revealed until postmortem examnation

In older patients who have nutral stenosis and aortic stenosis, or myocar
dial fibrosis with associated coronary artery disease, the estimation of the
individual importance of these lesions may be impossible without catheter:
zation of the left side of the heart

FINAL ASSESSMENT OF MITRAL INSUFFICIENCY

Of the various methods discussed 1n the evaluation of the degree of mitral
regurgitation, 1t would seem that the most useful, from the practical pomnt
of view, are the apical systolic murmur, an enlarged left atnum as revealed
by < ray, defimite systolic pulsation of the left atrium at fluoroscopy, and
an electrocardiogram showing left ventricular hypertrophy or combined left
and night ventricular hypertrophy, with or without the signs of ncomplete
right bundle branch bloch It 1s obvious that the more of these cniteria which
are present 1n addition to the “sygmificant” murmur, the more accurate will

be the final diagnosis
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‘/ \ITRAL STENQSIS

THF DIASTOLIC MURMUR OF MITRAL STENOSIS

Discriprive, sTors A review of the descnpive hustory of the dias
tohe and presystolic murmurs of smiral stenosis sndicates that dunng the
past fifty years hittle has been added to hnowledge of thewr cause and only
minor points have been contnibuted 1o the chmucal descniption

In 1841, Gendrn® first used the term presystolic Two years later,
Famel? demonstrated that the raucmur of mutral stenosts was presystobe,
Herard? wha closely followed Famel in Jus writings, seems to have been
well anare of the eftects of atnial fibnllation and congestise heart falure
on the murmuts of smitral steno 15 Hope ® catly recogmzed that the intensiy
of an apical duastohe murmur did not neces<aniy wdicate the degree of
mitral stenosis He stated that ¢ murmurs are not, as 1S often supposed,
louder, caeters partbus 1 propostion as the vahwlar eontraction 15 greatet
©On the contrary the loudest murmurs are produced by a moderate contrac
tio1, and they become weak when it 1s extreme a contraction of the
miteal or tncuspid salve to only two three, or four hines [one ne="%n
nch] n diameter, T hase frequently known to occasion hittle or no murmur "
ilhams ? distingwshed the diastohie murmur of mitral stenosts from that
of aortic regurgitation and Markham ' described the loud apical first heast
sound i some cases of mitral stenosts Later, Gawrdnes,** of Scotland,
troduced the contept that the presysiohic part of the murmur of mtral
stenosts was due to atnal systole

Cancurrently with the mvestigation ef Gawdaer ' 2 i Scotland Austin
Flnt™* ' 1o the T mited States, was following a similar Yine of thought and
was wnting extensively ou the presystolic murmur, but he pa:d httle atten
tion to the murmur ecctrnng dunng mid diastole
0"\;;?;1[1’53 F;:;?t;’r\’:m'r}?c THE MLRMURS Effect of change of shythm
ot o ‘Z; e \i\d ,}‘y’e ‘z:gged \,“ as one of the first to note that the pre
case in whach the heart \vasa hg; 1 ; adCh:LnSE n thythin, He reported a

Janty 02 & f. o“su den changes i thythm, from regu
2 3y vt ping of every thurd by d
sponding changes i the rmd diastohe 2 d 3 thiet Beat and coe
Effect of first degree heart block 050 presystohe murmurs
s W i the presystolsic murmur Galabin =
g3 of Marey s cardiog ph found m 1875, that i cert
cases the diastolic murmur began shortly after the second vsound ertain
separated by a shovt pavse from the first sound (Fags 70 to 72 and nas
Effect of second and third degser heart block o G” d )
Many years after Galabm <3 S Th on the diastolic marmur
3r Thomas L
atral systole on the mutral dastolic mu; e | Pownted out the effect of
n}a;_ a murmur occurred with each atrx;??(:n‘t[:azls::s: ?(;ea;;;)‘oc‘h, noung
ecl £
n I Flect of atrial foritation on the presystolic murmur There 1s no doubt
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figures quoted as an index of the accuracy of the different methods of inves
tigation are compared with a standard established by the surgeon’s palpat
ing finger Although the latter 15 our best availble confirmatory evidence
of mutral nsufficiency, 1t suffers from several obvious Iimutations Among
these are the vaniations 1n shill and experience of different surgeons, the
sensitivity of thewr palpating fingers, and the altered physiologic conditions
These latter include a generally lowered systemic pressure and, especially,
a lowered left atrial pressure Since the degree of mutral msufficiency must
be related to the pressure differences between the left ventricle and the left
atrium durning ventricular systole, as well as to the degree of valvular incom
petence, 1t 1s obvious that any sigmificant changes in the heart rate or blood
pressure may affect the degree of insufficiency

While 1t 1s said that left ventricular enlargement associated with mitral
valve disease indicates mitral insufficiency when there 1s no aortic valve dis
ease, hypertension, rheumatic myocarditis, or left ventricular failure, this
statement requires some qualifications To rule out the presence of hyper
tension 15 simple, but the assessment of the other factors in the presence of
severe muitral stenosis can be one of the most difficult problems i differen
tial diagnosis If Aschoff bodies can be taken as an indication of an active
rheumatic process, then we know from numerous studies of cardiac muscle
obtained at biopsy that low grade active rheumatic fever cannot be excluded
by any presently known clinical or laboratory tion The t
of aortic valve disease m the presence of severe mitral stenosis with dumn
1shed cardiac output 15 exceedingly difficult Patients have been known to
have been operated on for ight mitral stenosts, which indeed they had, only
to die 1n the immediate postoperative period from previously unsuspected
severe aortic stenosis which was not revealed until postmortem examnation

In older patients who have mitral stenosis and aortic stenosis, or myocar
dial fibrosis with associated coronary artery disease, the estimation of the
individual importance of these lesions may be 1mpossible without catheter
zation of the left side of the heart

TINAL ASSESSMENT OF MITRAL INSUTFICIENCY
Of the various methods discussed in the evaluation of the degree of mitral
regurgitation, 1t would seem that the most useful, from the practical point
of view, are the apical systolic murmur, an enlarged left attium as revealed
by x ray, defimte systolic pulsation of the left atnum at fluoroscopy, and
an electrocardiogram showing left ventricular hypertrophy or combined left
and night ventricular hypertrophy, with or without the signs of incomplete
right bundle branch bloch It 15 obvious that the mote of these criteria which
are present n addition to the “sigmficant” murmur, the more accurate will

be the final diagnosis
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Flg 72 (Ap x Log) Phonocard ogram of 19 year old gl with achive theumatc fo or
(thd sttack) mteal reguegtata  méal stanos s sorh ¢ regurg tation a d Tt degres
heart block 1f 11 strates anather efiact of a 1 ag PR terval on the card ac sounds The fest
heart sound 15 mod 1y int nse desp te the long PR interval of 029 sec The second
sound s of rather low wntent ty at the spex Tha th d hes t sound 1s vausually prom nent end
4 co s derably loudar at the spex than the vecond hea t sound wheh 13 fo some extunt
obscu od by the systol ¢ murmur (SM) The atral sou d may be summated w th the thrd
ho t1ou d and 15 alse co ¢ ned w th the murmu [PSMY that Flls the  terval between the
#h d and frst so nds but w thout presystol ¢ ¢ esce do The systolc m mu s cresce do
doc o1c ndo & d Tlls systole The summat o qallop {SG} results from an accentuaton of

theno m L4h dhes t30 nd aser s It of relat sly es ly atrial contract on secondary to the
prolo ged PR sterval (From Q gley P A Spag e H B and Rappsport M B New
Englond § Med 253 1049 19551

Sounds

ELH
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fact that atr al sy,
ol yelem o m o LPSMY and (ASM} 2 4 Ohlf :‘f:‘ °|"'
Posfo  fih Pwagofih o Y
Rppepst M B N England 4

wthals ghst
Plete hea t block Th » w 4 na defs te B story of .h-gum:nzyo::.hwrh.
s capable of cavsng a foud
on in d astole va ves w ik th
1t oca dog am (Fom O gl '
Med 253 1049 n;‘sl HTA Spea M s
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Fig 70 (Apex Log ) Phonocardiogram of 44 yesr old woman with a history of rheumatic
heart disease since childhood and decable imitation of activity during the last few years
It illustrates the effect of a long P R interval on the atnal systolic murmur (SM) which be
comes late diastolic rather than presystolic The first diastelic murmur (DM) 15 a rumbling
low pitched low intensity murmur occurring around the time of the normal third heart sound
The second diastolic murmur (DM} 15 equivalent to an atrial systolic murmur that follows
the P wave of the electrocardiogram (EC G ) and 1s separated by a considerable interval
from the first heart sound (From Ongley P A Spragus H B and Rappaport M B New
England J Med 253 1049 1955)

| pn
Sounds MW

« PSM.

Fig 71 (Apex Log ) Phonocardiogram of 22 year old man with rheumatic heart diseass
and mitral stenous dlustrating the fact that with intense atnal activity and a shghtly pro
longed P R interval (026 sec } & presystolic gallop (4) may be present togather with &

resystolic murmur (PSM) which ss thus not crescendo in typs If the P R interval had been
normal the murmur would doubtless have been a presystolic crescendo The earhor part of the
diastolic murmur (DM) becomes evident at the time of the third heart sound (rapid ven
tricular filling) although it starts before it at the opening of the mitral valve (From Ongley
P A Spraguse H B and Rappsport M B New England J Med 253 1049 1955)

that a murmur can be heard 1n presystole in cases of mutral stenosis with
atral fibrillation when diastole 1s short This murmur s not the atnal sys
tolic murmur described by Gairdner ™ but 1s due simply to the falling
of the first heart sound earlier than usual 1n diastole because of the rapid
heart rate If the rate slows, or if there 1s a long diastolic pause, the diastolic
murmur will be found to fade off 1n a decrescendo fashion (Igs 74 and 75)
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fig 75 (ApexLog} Ap cal Yrac nga 1n 32 ysss otd woman with lheumﬂ'tr:c:;‘l'i:.
mh?\ stenos s m 1 al regurgiat on sathe requrg fat on {al ght! -lnd atnal fbr ‘.'“ e
onocard og m demonstral « the g eat v2 abilty n the d astel ¢ murmut u; i .d AR
Zyt\. length tn tha Frst and thid eycles the murmuvdmns‘ :?rouga\uui d..:‘l\: '\’v"“‘- ‘r:\

 the second cycle the thed sound 15 followed 4o rap:
TT,.T:«'.L":'::.:YW':I. that s « .‘J,au effect results on suscultal on \Vm-; t‘)ng\-y P A
Spragu H B and Rappapo i M B New E gland J Med 253 1048 198

Hg 76 LApe Log i Ag cal trac ag Wlutteat ng the abtence of the presystel ¢ murmur in
the

st auls sctop ¢ b at and alio after the compensato y pavie {From Ongley P A
Sprogue H B o d Rappaport M B New England J Med 253 1047 1955)

Effect of the Valsalia mancurer on the dwstolic murmuyr ol mulzol stenoses
It has been shown that the mitral diastolic murmur can be affected m many

different ways depending on vanations i cardiac rhythm It s also possible
to alter the murmur considerably uver as forced ex
puwation agawst a Jot The positive pres
sure that deselops within the thorax decreases senous fetum and in turn
decreases flov through the smtral valbve onfice The enlarged et atvm con
tinues to beat forably, and a presy stohe murmur may be converted into an
atnal sound gnang a presystolic gallop (Fig 77
T IJeCt o} exercise and change o) position on the diastolic murmur of mitral
stenoss Friednich ® stated 1n 1867 that a dull or redupheated diastolic tone
frequently could be converted into a distinct diastolie murmur when 2
patient was made to walh up and down to accelerate the heart’s action
Bramwell *1n 1881 further observed that “un <ome cases af mtral stene
s15 the murmur di appears when the position of the patient s altered, when
he gets up but the rhythm of the mucmur does not change, 1t alw z:\s e
muns presystolic  The subject of the effect of change pus,mon {Thg 78
was more fully studied by Gowets * 5

by such a simple manes
: T oty The
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The best description of this phenomenon oceurs 1n $ir James Mackenzie
detatled discussion of the subject 1n 1913 2

Lffect of ventricular premature beats on the presvstolic murmur It 1s ok
vious that no atrial systolic murmur will be heard before the first heart soun
of a ventricular prematire beat, since there 1s no preceding atrial contrac
fion It 15 nteresting that the presystolic murmur resulting from atrial con
traction may 1iso be absent in the beat that follows the ventricular prematur
beat A possible explanation for this 1s the fact that, owing to the long com
pensatory pause, the left ventricle may become filled with blood so that th
atrium cannot push enough extra blood through the mutral onfice n lat
diastole to create 1 murmur (Fig 76)

3 |[pM | psMm ‘

C 2

B jugy? v

"EGE

Fig 78 A (Apex Log ) Phonocardiogram of 32 year old man demonsirating & presyﬂol;
crescondo murmur (PSM) when nermal thythm w present Rl ndicates upldh wnflow :
{Apex Log and ugular venous pulse) Phonocardiogram of fame patient sfter L' p:m o
atewal Ebnllahon Note that the diastolic murmur still extends into pmyuo!aB “;«' qu [
no crescendo effect (From Ongley P A Spregue H B and Reppaport M ew Eng
lamnd 1 Med 251 1049 1955 )
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Fig 78 Ap cal trac ngs showing the offact of € erc e on fhe d astclc eventy i 3 Tave
of mid m 1 al 5t nosis Upper tracng [Apey Log and jugular enous polssl The 1eco d
1o nd can b saan foflawsd by an opy g wnap end than by o thed haach sound and o sha ¥
dastolc mermu wheh aw g to the vlow hrart cate 1s wa ty dastel ¢ rather than md
dastale A sl ght presystolc mu mur s alio pr sent Lowar tacag [Ape Log) After
oxe 15 the only s gn e ni alie aton o a the g afly cres d ¢ 1 ns by of the thed beart
50 nd For tome testsn the op 1 ng snap has Tessaned 1n watens ty a 4 would dowbtless be
o wdWle Th pracystol e murm rhas alte 4 s yinle 1Fom O glay P A Sprag w H £
and Rappap M M B Hew Englind 3 Med 253 1049 19551

was not unti} 1901 that Broadbent ™ called attention to the disappearance
of the presystolic murmur n failure and presented possible causes for this,
the most probable one being the of tricuspid ine e

The giing, way of the tricuspid valve and the occurtence of considerable
reflux 1nto the nght atrium mahe 1t wmpossible for the npht ventncle to
sustain the lngh pressure 1 the pulmonary circulation and the left atrium
that was present previously, There 35 nEt-{m

force the hlood through the watral otifice sapdly enough _ta generaie a
marmue

’Ggp;m the many brithant clinical observations cont erming the presystolic
wurmut, the theory of s cavsation and indeed of s actual evsstence was by
To means uwmversally accepted

Ormerod® 1n 1864 disputed the atral systohc ongin of the murmur
described by Gairdner 2 on the grounds that the atrial contraction was

100 weak and breef to cause so loud 2 sound, which he held to be due rather
ta the contraction of the ventncle and to be regurgitant

Barclay ** ught years later mamtamed tha
t the so-called presystohic
murmur was really systolic and that although wdicative of 3 m'") acted
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Fig 77 (Apex Log ) Apical tracing showing presystolic murmur (PSM) before the Val
salva maneuver {A) and {B) alteration of the presystolic murmur to an atrial sound {4}
giving a presystolic gallop secondary to the Valsalva maneuver (From Onglay P A Sprague
H B and Rappaport M B New England J Med 253 1049 1955)

Lffect of mutral valve surgery on the dastolic murmur of mitral stenosis
Mitral valve surgery may have no effect whatsoever, or 1t m1y affect the
distolic murmur of mitral stenosis in many wavs If there 1s a very shght
murmur before operition, because of tight mitral stenosis, this murmur may
greatly increase after operation because of the increased blood flow over
the roughened 1nd torn salve margins Moreover, a murmur of moderate to
loud 1ntensity may be decreased after operation if the spht 1s relatinely
smooth and no increased vibration results In some cases the murmur 1s
relatively quiet for 1 few weehs to a few months after operation and then
seems to Increise in intensity, perhaps owing to the development of further
stenosis In some pitients who have had fibnllation before operation, a
return to normal sinus rhythm after operation may be accompanted by the
return of a presystohic crescendo murmur Conversely, 1n patients who have
normal sinus rhy thm and who have fibnillatton n the first few days or wechs
after operation, the atnal systolic murmur will disappear The development
of other bizarre rhythms will of course, alter the murmur 1n varous ways
Thus, 1t 15 seen that the effects of mitral valve surgery on the diastolic mur
mur may vary greatly, 1s one would expect (Tig 79)

Dusappearance of the presystolic sunrmur durtny, congestive heart failure
Although 1n 1854 Herard * had described the fact that the diastohc murmur
of nutral stenosis sometimes disappears during congestive heart falure, 1t
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due to the combined effect of nutral xegurgélauon oceurning very early n
ollowed by a delayed first souns

i ;(;1:\312‘10‘5\.\? OF :nr: aITRAL YALVE The opeming sn2p of the mitral
vahe may be heard 1o many cases of mtral stenosis 1618 due sumply to an
accentuation of the normal fourth component of the second heart sound—
that 15, the W@uﬂ\‘ﬁs_n was first described b?v
Duroziez® ¥ 1n 1862, when he ntroduced his onomatopoeia, “outtatarou

The * flout” corsesponds to the crescendo presystolic murmur and eads
abruptly 1 & snapping first heart sound, the “tata” refers to the second
heart sound closely followed by the opemng snap of the mutral vabve, and
the rou” to the low pitched diastolic rumble The actual term “opeming
snap or its French equivalent, was troduced by Rouches wn 1888 as

claquement d ouverture de la mtrale "

A thurd_sound_cormng close after the second sound may be difneult to
differentiate chmcally from the opening snap, but usually the opening snap, <
bemg of Wgher frequency than the third sound Tos a igh pched, drv
quality whereas the third sound 15 dull and low pitched,

Another dincuity occasionally encountered 15 the differentiation of an
opening snap from a spht second sound There 1s a verv short interval be
tween the two componehis o1 & Spit second sound, and the components are
usually of similar itensity to the ear No rehance can be put on the fact

that a spint second sound 1s smd 10 be heard best at the base and an opemng
snap of the apex Margolies and Wolferth,

1n 1932, pownted out that the
openIng snap 15_often best heard at the nd we have also recorded
this fact on a number of occasions

The phonot often helps dif 2 spht second sound, a
second sound combined with an opering snap, and a second sound together
with a thied heart sound or any combination of these three sounds 1f a
good tracing of an apex card can be ob 3 ) ly with
the sourd tracing differentsiation 1s easy However a good apex cardiogram
1s nat always obtamable, and time intervals may then be of some assistance

In relation to the apex cardiogram the split second <ound has its second
component befote the O point (opening of the atnoventricular valies) An
opening suap i synchronous with the 0 point, and a third sound oteurs at
the summut of the rapid mflow wave (Fig 80}

So far as tume intenals are concerned, the duration between 1he 1w
\/;:mpcnents of a split second heart sound 15 usually less than 0 07 sec. Th:

terval between the beginning of the second so
und and th
/15 2t least 008 sec.eand that between the beg : sevond oo

npifig of th
cé}}f cﬁt;\plex and the third sound 1s about 0 12 sec °2 ¢ © seeond saund
£ 15 1mportant to reahze that the opes gns
ope! ng snap 18 one
10 mitral stenosis that may persist even when the purmu: Wit

ecommy
or;x sem, as duning atnal Fbnllation or farlure, or both —
1 1951 Messer and his associates et

studied the mterval between the
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Fig 79 (Apex Log ) Apical tracings in a 37 year old woman with theumatic heart dis
oase mitral stenosis and atnal fibrillahion A Before operation in 1951 the patent had a
very loud systolic murmur just medisl fo the apex and the apical diastolie murmur could
not be identified with any degree of certainty H was thought that the systehic murmur might
have been due to tricuspid incompetence B Twa years after operation the systolic murmur of
tricuspid regurgitation has disappearsd The thythm hes reverted to normal an opening snap
(0S) third hoart sound (3) diastolic murmur (DM) and presystolic with shght crescendo
(PSM) are now easily identified This patient was converted fram a cardiac cripple to a rela
tively normal active hoalthy woman (From Ongley PA Sprague H B and Reppsport
MB New England J Med 253 1049 1955 )

mitral orifice, 1t was regurgitant He called attention to the absence of valves
1n connection with the pulmonary vens, pointed out that with no means of
closing the outlet backwards, the atrium could expand but had httle power
to drive the blood forward, and claimed that 1t “was scarcely possible that
one of the loudest and roughest murmurs ever heard in cardiac disease
should be produced by contraction of the auricle ”

The suggestion has been made that the presystolic murmur heard in cases
of mutral stenosis with atnal fibnllation 1s really a systolic murmur and 1s
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Usefulness of the opening snap in estimating the serer "{h"l l:;:‘:':‘:::l
osss The atrioventncular vahes open when the pressure 1w E‘ and
falls below that of the left atnum Depending on the left atnal P‘_ﬂs““c._lﬂ—.
the gty of the tmtral leaflets, the opening snap occuts at vanable 1 \
vals <oon after the closing of the sembinar valves 1§ there 1s severe putra
stenosis with eleated left atrial pressure, the period of jsometric Te avation
15 shortened, and the 2 0§ ntersal s Clorre‘PO“dmgIY dnimshed Waith
Tesser degrees of stenoss, feft sentriculat Pressure must {all to lower Jevels
Hefore the mitral valhe opens, and the 205 mtenal s correspondingly
prolonged

Although the 2 0S iatenwal indicates the pressure gradient across the
muteal valve at the begmmng of diastole, 1t grves no wdication of the mean
diastohe gradient and there 15 no way of calculating yust how much of the
delay 1n opeming may be due to mechanical mertia of the thickened and
stiffened valies Bayer and hus associates ™ studied 100 cases of pure or
predominant mitral stenosts in an endearor to correlate the pulmonary capl
lary presstre obtained at cardiac cathetenzation sath the mtenal betneen
the begraning of the second heart sound and the first sibrations of the gpen
tng snap of the mitral vahe OF course, 1 carrying out this type aof studs
s hal that the pul y capillary p , which s used to reflect
left atnal pressyre, and the phonocardtogram be recorded simultaneously,
since left atnal pressure and the tmung of the opeming snap vary wath dif
ferent heart rates and varysng cardiac outputs

It was assumed that the iterval between the closure of the aothic vahve
and the ppenng of the mitral valve would be dependent on the rate of pres
sure decrease 1n the left ventnele and the hesght of the pressure n the left
atnum Stace the fall of Jeft ventrcular pressure 1s more gradual toward
the end of 1somettic rel; 1t 1S app that efesat of left atnal
pressure Wil be more sigmficant 1w thus range Bayer and us co-workers 37
beheved that there was a definite relationship between the time intenval
i;‘nemml::\ onset of the shccond sound (o the opemng snap, and the hesght of
e }Kessure 1 the left atnum, as shown by the pulmonary capillary

y alse believed that an increase m Jeft atual pressure accan

panying evercise cowld be anferred from a shortening of the aters
al
the onset of the second sound and the opening snagp betsscen

Smnce aortic blood pressure ts the dominant factar 1 determining the ume
of aortic valve closure these studies must be considered relation to the
aortic pressure It 1s obvious that with higher aatesc pressure the aorhic vahe

S:\Ii ::;m‘;:rt g:an n doe;s nli the pressure ts low Bayer and his assactates
ere was hittle change in timung between aot
11010 130 mm of mereury They stated d\atgm thy o e
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Fig 80 (Apex Log) Apical tracings in a &9 year old woman with atual fibrllation
munimal aorhie regurg mitral regurgit and mitral stenosis The phonocardiogram
demonsirates the nsed for taking an apex cardiogram 3o be sure whether three sounds
following close together in diastole are due to a split second sound combined with an
opening snap or a second sound combined with an opening snap and a third sound In tracing
A with sumultaneous electrocardiogram it 15 not possibls o bs certam of the ongin of the
sound between the second (2) and the third (3} heart sounds However in tracing B the
apex cardiogram makes 1dentification easy showing the middle one of the three sounds to
comncide with the valley or O point of the apex cardiogram This is the opemng of the
atrioventricular valves and the beginning of the rapid inflow valve wave (RI) hence the infer
mediate sound 15 an opening snap The third sound (3) falls ot the apex of the rapid inflow
wave and 50 1s & trus third heart sound (From Ongley P A Sprague H B and Rapps
port M B New England J Med 253 1049 1955 )

onset of the valvular component of the second heart sound and the opening
snap 1 cases of atnial fibnillation They found that this interval depended
largely on the duration of the preceding RR nterval They also noted that
the opening snap sometimes appeared closer than 007 sec to the valvular
elements of the second heart sound, emphasizing the ymportance of relating
the duplicated second sound to the apex cardiogram for accurate mnterpre

tation of the nature of this duplication
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abnormality of frequency of m(ensu‘)i' ,u(} l::nﬁgztdl;::::. e;m{;\gns}fg\;g;g
tenosts, no dela
lt?s:t‘ igt ::asnf c(:)fmr;::t::tl\lss of (he, first heart sound should occur withm 006
sec of the anset of the QRS complex and that, if gxe) r,;’ccur at 007 sec of
later, the first beart sound shouid be clasmfied as “late N L of the
Delayed first heart sound an muirgl stenosts Delay 1o the onset o ‘
first heart sound m mutral steaosis has been recogmzed since the report of _
Wewss and Joachim * 10 1911 This delay 15 thought 1o be due to the 1n
creased left atrial_pressure_yn mitral stenosis, which increases the time
requrred for the sometric contraction of the Jeit ventriclé to develop suftt

Tient pressure to exceed left atnal pressure and thereby 1o c\ose)he_mma\_-
Aalve

‘Attempts have been made by different groups to correlate the delay w
mitral sahe closure with the severtty of the mutral stenosis Certawn factors
tend to make this corvelation difficult

1 The tune of onset of mechameal ventnoulor systole may not hase the same sels
tionship to the onset of electrical systole 1n sach patient

2 The rate of wcrease 1o pressure 1 the left ventricle may vary from patient to pa

tient depending on whether or not there 15 actne carditis or Jong standing My ocardial
& ease

3 If tachycardia 15 present feft ventneular pressure ries at a slower rate than normal
4 Tre stiffened mtral cusps are more resistant to closure

Kelly #* studied 75 patients with mutral stenosis and 100 patients with
other forms of heart disease 1n order {0 corzelate the time interval between
the onset of the QRS complex m lead II of the electrocardiogram, and the
onset of the first rapid vibrations of the first heart sound, wath the seveaty
of matral stenosss Becanse of the delay in the first sound sometimes assocs
ated with bundle branch black, all patients with a QRS intenal greater than
011 sec were excluded from the study His results are shown 1 table 15

Nane of the patients m the first group had a Q 1 sntenval greater than
007 sec whereas in 45 per cent of those who had mutral stenosis the Q 1
wienal was greater than 007 sec Postopetative studies on some of the

TABLF 15

COMPARISON OF @1 DNTERVALS IX 100 PATIENTS WO HAD SIEART DISEASE OTHER
TRAN MITRAL STENOSIS WITR THOSE OF 75 WHQ IAD MOTRAL STEMOSTS
AND 23 W RO RAD MITRAL INSUEFICRNCY

Average Stondard
Patients Studieg ¢ i::‘"d D“’W o
100 paticots with heans dsease but no mat o
ral
75 patieats with mittal stenosis senoss 224 P
25 patients with mitra tnsuficiency 002 oot

=601
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the effect of exercise on the interval must be considered The degree of short
ening of the interval with exercise and the time 1t takes the nterval to re
turn toits pre exercise figure are factors which must be considered n judg
g the indivrdual patient
Successful mitral valvotomy 1s said to be followed by an increase m the
interval between the onset of the second sound and the opening snap, and
the effects of exercise on this mterval can be measured easily by the phono
cardiograph
Q-1 munus the 20§ mterval Because of the vanious factors affecting
either the Q 1 or the 2 0'S nterval, Wells *¢ believed that consideration
should be given to both the delay n the first sound and the 2 O S 1nterval
Accordingly, he studied 100 patients between the ages of 18 and 56 years
who had predomnant mutral stenosts He thought there was a definite re
lationship between the Q 1 minus the 2 0S terval and the pressure
gradient across the mitral valve If the “corrected Q 1 minus 2 O S nterval”
lies between plus 517 and minus 11/, the pressure gradient 15 high, whereas
1f 1t lies between minus 134 and nunus 43/, the gradient 1s low
Vanations 1n the delay of the first sound and the 2 OS interval are
found with the changing cycle lengths encountered in patients who have
atnial fibnllation associated with mitral stenosis These changes comncide
with the length of the preceding cycle In general, after a short cycle, delay
m the first sound 15 accentuated, whereas the 2 O S interval 1s shortened
Conversely, after a long cycle there 1s less delay 1n the first sound, and the
2 OS nterval 1s prolonged
With extremely slow rates, any change mn the timing of the first sound
or In the opeming snap must be due to stiffness of the valve atself, since,
wrespective of valve size, the left atrium tends to empty and the left
ventricle to fill if given sufficient time
TIRST HEART SOUND IN MITRAL STENosIs Accentuation of the first heart
sound, giving 1t a loud, snapping quality at the apex, 1s another important
and fairly common sign in mutral valve disease It 15 sometimes the first
suggestion of fibrosis and carly stenosis but may, of course, result from
other conditions, such as exercise, thyrotoxicosts, neurocirculatory asthenta
and nodal thythm There are many cases of long standing mutral stenoss,
however, 1n which the first heart sound 1s of low intensity or 15 mashed by a
systolic murmur that follows immediately Accentuation of the first sound
1s more mdicative of mitral stenosts when found 1n association with other
signs, such as an enlarged left atrium or an accentuated pulmonic second
sound
Lven when the first sound 1s not increased 1n intensity 1t may be abnormal
by phonocardiogram This 1s shown by a delay of the maximum vibrations
of the first heart sound 1n relation to the QRS complex of the electrocardio
gram This was descnibed by Cossio and Berconshy *° 1n 1943 and agilam
by Wells in 1952 40 Wells considered the delay to be mare sigmificant than



181
MITRAL VALVE

resumabl
persons who had had normal gi‘ :\\':;\‘ ;Lsr eIx: :’;‘:::::;[“::;::g;l o ory al)s
those with Tmiral stenosis, W T omaet of the QRS 10
1 the left ventncle (that 15 the mtenal between the o e e Lt
the electrocardiogram and the onset of the mncrease in pre: . 004
rsons with no conduction defect thus intennal averages
:::m\:]\:l)x .-,I:::ge of from 002 1:; Doﬁlm\: ’ir::!ssll: the range of the Q1
ents who dg aot have mitral ste

mxe::‘nng th‘at if a patient with severe matral stenosis has an eie?nc;‘l
mechanscal interval of 002 o 003 sec, 2 further delay of 003 sec for the
desel t of adequate pi to close the mutral valve would gne a
Q1 ln;ewal of 005 1o 006 sec , which would fall withw the normal range
Therefore, it 15 cbyious that a normal Q 1 wterval does not exclude severe
yitral stenosis

Another 1mportant vanable 1o be considered 15 the rate of increase in
left ventncular pressure A study of 12 normal pessons showed an increase
from 4 to 14 mm of mercary w 001 sec* One would expect the rate of
wcrease to be slower n patients who have acute myocardits or long
standing myocardial fibrosss

Tt 15 not sugge ted that any of these various measurements be 1ahen 2s
proof of sigmficant mitral stenosis but when correlated with the patsent’s
history, chncal and electrocard , they
may gue valuable leads when the diagnosis 1s doubtiul

Kelly's statement that patients who have congemtal heart disease with
mud diastoltc murmurs and who have a Q 1 iterval greater than 007 sec
have mitral stenosis cannot pass unchallenged It 15 our expenence that the
so-called delay in the first heart sound 1s fately common in congemtal heart

dhsea.e, wheteas mutral stenosts either as an 1solated leston or m combina
tion with other lesions 1s not common

THIRD HEARY SOUND IN MITRAL STENOSIS It has been stressed that ali
porsible awd 15 required ta e.tumate the degree of disability caused by mitral
stenosts In this regard the presence or absence of a third heart sound may
be of some assistance $ince 1t 15 generally accepted that the third heart
sound results from the rapid inflow of blood from the left atnum to the
left ventricle early 1n duastale, 1t 1s not unreasonable to suppose that as
blood flow becomes dimintshed secondary to tight mitral stenosis the thed
heart sound progressisely lessens 1n ntensity and finally disappears In
our himited number of cases we have found this to be troe We have also

uvbserved the conyerse—~namely, that some patients with typical murmurs of
rutral stenosis and good tonus

of the left ventricle but with
third heart sound hase not been a promnent

unduly incapacitated by therr mitrad steno
SIS supporting the concept that a loud, apteal, thied heart sound means

good fillmg of the left ventnicle As poinited out by Hepe ® aver a hundred
years ago the moderate tases of mitral Stenosis often had the loudest mur
mur and this may be tusleading chmeally «ince a loud mitral djastolic
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patients showed no change n the left ventricular diastolic pressure and no
change 1n the electrical mechanical interval of the left ventricle, and yet
there was definite shorteming of the Q 1 mterval, suggesting that the lower
left atrial pressure following successful surgery allowed more rapid closure
of the mitral valve Comparisons of left atrial and left ventricular Ppressure
curves show that the Q 1 interval corresponds to the expected time of
closure of the mutral valve

Because 1n some cases of suspected mutral stenosis the only murmur
heard may be an apical systolic murmur, mitral msufficiency may be con
sidered the dominant lesion Since the Q 1 nterval 1s normal in mitral n
sufficiency, an apical systolic murmur with a prolonged Q 1 mterval should
suggest dominant mitral stenosis Whereas 1t has been shown by Messer
and his associates °® that the Q I interval varies with the length of the
previous cycle, in patients with atral fibrillation and mitral stenosis, no
such vaniation was found by Kelly i patients with atrial fibrillation but
without mitral stenosis

It 1s believed that the delay in the Q 1 interval parallels the seventy of
the mutral stenosis and that patients with a Q 1 interval greater than 007
sec have sigmficant mitral stenosis

Of Kelly’s 100 patients with mitral stenosis 16 were operated on and
studied postoperatively In 15 of these 16 there was shortening of the
Q 1 nterval

Another useful pomnt 1n this differential diagnosis may be the presence of
2 loud third sound 1n a patient with apical systolic and diastolic murmurs
who has a normal Q 1 interval Under these circumstances a loud third
sound defintely suggests predomwant nsufficiency, with increased left
ventricular filling early n diastole

Other causes of elevation of left atrial pressure, such as leit ventricular
failure or constrictive pericarditis do not result 1n a delay of mitral valve
closure, as under these circumstances the left ventricular diastohc pressure
also 1s elevated, and no undue delay 1s required for left ventricular pressure
to exceed left atrial pressure after the onset of 1sometric contraction

Combined studies of the Q 1 interval and the 2 OS interval (the n
terval between the onset of the second sound and the opeming snap) cer
tainly suggest that any patient who has a long Q 1 nterval and a short 208
nterval has sigmificant mitral stenosis

Wells,*® using the surgeon’s finger as an instrument for estimating the
size of the valve, concluded that 1f the Q 1 interval minus the 2 0§ interval
had a value greater than minus 001 sec, the patient had severe mtral
stenosts If the values gave a more negative result than minus 0015 sec,
an onfice greater than 1 sqcm could be expected In general, Kelly*
confirmed Well’s observations, but with some excepttons Only 45 per cent
of Ins patients had Q 1 intervals beyond the control range of 002 to 006 sec

Postmortem examtnation sometimes reveals severe mitral stenosis in
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'\Ktouc MURMUR 11> essenyial that the physician carty out s ansculta
7 ty quiet conditions
e ouid oy et ool n modeate expraton
s Levine and Haney © have ewphasized, the physician st "‘“‘\d
(he habit of hstening specifically to the sndwidual_esents of the t\"\“ \Y“C
cyele He must concentrate on the first .ound to the exclusion of ; ¢ise,
then on the second sound, then on systole and finally on dastole There 18
no other way of accurately tiouag fauemurts and heart sounds or even of
bewng certan of the eustence of the lower pitched murmurs and sounds
In histerang for the low {requency md dsastobe . sumble of tuteal stenoys,
the bell of the stethascope s generally more useful than the diaphragm,
which tends to screen out the loner frequency sounds so that st may enable
those of Igher {requency to be heard more easily
t hen the bell 15 used, one should apply 1t first of all firmly 1o the chest
wall and, while hstemng wntently, gradually Telas the pressure of the bel
agamst the shat A murmur at first maudible wath firm pressure may become
seleatly audible with light pressure The reason far ius 15 that firm pressure
{the bell gafmst the chest causes the shan to be stretched tightly across
e mouth of the bell 5o that a ngh frequency daphtagm 15 csented Relax
ing this pressure converts the bell 1o a o frequency recorder, and so the
murmur may be heard
/ Exercismg the patent and turning hum on hus feft side, a maneuver hnown
to all physictans but not always employed, should be done 1n every case
. Careful searching in the area of the apex 15 essentia), since, although
some marmurs may be heard over a reasonably Jarge area, others are often
restricted to small areas of 25 to § cm i diameter Hence, careful and
diligent histemng 15 requuired 10 any suspected case i ersors are to be aymded
I some cases, the murrur may vary, depending on such factors as heart
rate, the presence oF absence of atnal ibnilation and congestive heart fatlure,
and the natural progression of the disease 1 hus, the murmur may be heard
by an observer one day and not by the <ame observer on the next day or

even six months or 2 year or more later Conversely, a patient entering the
‘hospital an Jasdur

qﬂ___wmm____mm and yet, when the rate
and chy thm are controlled by digabis and by bed rest and the fadure bene
fited by drugs, a salt free diet, and diretics, a mud diastolic murmue oS
stbly with presystolic crescenda, may become cleatly audible These ch:;nges
which may oceur with varying degrees of valve damage, depend on the re\a'
tion betw een the shape of the vale orsfice and the rate of blood flow through
the Fnﬁce and on whether ox not tutbulence results m the blood slreamg
chla patient 1s admutted to the hospital with farlure or a condition re
Wbl ng cor pulmonale and 1o mitral diastolic murmur 15 beard, and 1i the
er hf;:rd amwrmur of mitral stenasis,
3ist
error It s 5ot npossible 1hat as the stcf\"oﬂ: ;: fn::gif;di:see:i:m‘z?h;:
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murmur frequently suggests to the physician or surgeon that the degree of
stenosis 15 marked It 15 suggested that the presence of a loud third heart
sound 1n the left ventricle 1n the presence of the diastolic murmur of mutral
stenosis indicates that the degree of stenos:s 1s not unduly severe

FACTORS AFFECTING THE DETECTION OF THE DIASTOLIC MURMUR If a
loud systolic murmur 1s present at the apex or 1f a loud opentng snap or
loud second heart sound 1s heard i the same region, the diastolic murmur
may be missed because of fatigue and mashing effects on the human hearing
mechamsm This 1s espec:ﬁMthMs
low pitched or of short duration

The murmur may be missed insthe presence of tachycardia, erther with
regular rhythm or in the presencg} atrig] fibrillation or flutter

Even though mutral stenosis may be considered to be present chmcally
this does not mean that the hemodynamics are identical 1n all cases The
valve mechamsm, the size of the mutral orifice, the direction of blood flow
from atrium to ventricle, the location of the valve orifice (whether centrally
or eccentrically placed) and the question whether the valves are moderately
or greatly thichened or calcified may all be involved 1n varying the nature
and intensity of the diastolic murmur of mutral stenosis

Especially in patients 1n the older age group, the presence or absence of
heart failure may cause one to miss detecting the murmur This 1s particu
larly true 1n patients with a very tight stenosis

A word of warnming 1s necessary n the assessment of mitral stenosis based
on the mtensity of the apical diastolic murmur with or without presystolic
crescendo Hope ® potnted out that moderate stenosis gives the loudest mur
mur and that tight mitral stenosis may exist with httle or no murmur(
Herard ” observed that 1n patients i failure or with rapid wregular rhythm,
the murmur may be absent Other authors have emphasized the fact that
many conditions other than mutral stenosis may be accompanied by an apical
diastolic murmur

We have repeatedly observed patients m the older age group with a long
history of rheumatic heart disease and the clear cut murmurs of mutral steno
s1s who suffer very little disability and who can do a full day’s work These
patients, who often survive to a ripe old age and live full and useful hves
(Fig 80), should not be subjected to surgery, which carries a defimite risk
at any age and a greater nish in the later decades On the other hand,
patients 1n failure, even without a murmur, who have an enlarged left atrium,
right axis deviation by electrocardiogram and a history of hemoptysis and
perhaps even of rheumatic fever, should be very fully nvestigated to rule
out the possibility of mutral stenosis A loud apical first sound or an opening
snap, possibly in the presence of an accentuated pulmontc sound, may be
all the auscultatory evidence available to make the diagnosis 1 these cases

FACTORS IN CLINICAL EXAMINATION WHICH HELP IN DETECTING THE

/
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lessened until finally 1t has become inaudible We have frequently en
countered this situation In such cases, 1f the first sound seems too “good,”
—that 15, Jouder than appears consistent with the degree of myocardial
failure—mtral stenosis should be suspected This 1s especially true if atrial
fibrillation and hypertrophy of the right ventricle are present

The presystolic_crescendo of the mutral diastolic rumble 15 not present
n all cases of nutral stenosis This fact was pointed out by Sansom,* ©
Johnston,™ and Battro and Braun Menendez ¢ Sometimes, the mid drastohc
murmur 1s recorded as diminuendo and mgy, 1n fact, almost disappear just
before the first heart sound This occurs especially during the long diastole
in patients with a slow heart rate or when the atrial contraction 1s feeble
or absent

On the other hand, cases are often reported 1n which a presystolic cre
scendo murmur has been heard on auscultation but no abnermality of the
mutral valve 1s detected at postmortem examimation Ahmurung, Rappaport
and Sprague * reviewed the causes for this phenomenon 1n 1949

In any case m which an opemng snap 1s heard, 1t 1s well to suspect.mutral
tenosis, even if no diastolic murmur 1s heard, especially 1f the condition
chimiElly TesembIes ritral stenosts

When a lopd snapping first sound 1s heard at the apex with no obvious
cause, such as thyrotoxfcosis ot neurocitculatory asthemia or nodal rhythm,
one should sedrch carefully for a mid diastolic or presystohc murmur How
ever, a quiet or normal fifst sound at the apex does not exclude the poss:
bility of mitral stenosis

ConcrusioNs The diagnosis of mutral stenosis may be easy or extremely
difficult, and all possible information 1s desirable in the evaluation of each
case A good chimcal lustory, physical examination, electrocardiogram and
¥ rav fluoroscopy are all essential Often auvhary aids, such as a jugular
pulse tracing, help differentiate mitral regurgitation from tricuspid 1nsuffi
ciency 1n cases mn which a systolic murmur 1s heard just medial to the apex

Lven with the greatest of care in diagnosis 1n the best of clincs, errors
may occur Some patients with clinical diagnoses of mitral stenosis have
been found at operation to have free mutral regurgitation and no stenosis
Some cases diag d as cor pul le have been found at postmortem
examtnation to be tight mutral stenosts, and others diagnosed as severe mtral
regurgitation with shght mutral stenosis have turned out to be cases of
tricuspid regurgitation with tight mitral stenosis
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wsed the term “protosystohe aortic clap,” and 1n 1945, Fl;‘nment an: (:::)d
lentz * gave 1t the name of ‘mesosystolic aortic vihration ” Tt 1s co p‘ -
of a faily high ntensity, medium frequency group of ybrations o;cu ':
012 to 020 sec after the onset af the Q wave 1n the electrocar wgrad
and 008 to 010 sec after the mtial yibrations of the first heart snunh
Generally exceeding the fust heart sound 10 amplitude, 1t occurs after the
o of the sigmod valves

op;:m;;“dy:: ?;wung persons who had aortic stenosis, Rhembold and
Yus co worbets $ found 6 of them to have an early systohe chek occurnng
on on average of 0 18 sec after the beginning of the Q wase of the electro
cardiogram The frequency of this sound was between 130 and 200 cycles
per second

Since the first heart sound 15 described as having vibrabions ansing m the
great vessels which ¢ 1ts usually dible fourth comp , this
early systolic click could be considered as bemg a delayed and exaggerated
fourth part of the first sound and not as 2 trulv new sound

BECOND SO0UND

The aortic second sound may be diminished or even absent wn aortic 1n
sufticiency, or 1t may blend with the aortic diastohic murmur, which has its

Treatest intensity eatly in diastole In aoruic stenosis the aortic second heayt
SGund may be loud normal or even absent Frequently 1t 1s stated that the

second sound 1 normal 1n subaortic stenosis and dummshed 1 aortic valvu
lar stenosis,? but we are not anare of any good evidence to support this
statement  Usually 1t 15 dummished 1n severe aortic stenosis, and also tn
maderate or even mild aottic stenosis when associated with myocardial
failure from any cause Mid aortic stenosis calafic aortic stenosis or

stenoss assooated mith systemc artenal hypertension may have a normal
ot even a foud second beart <ound

———

observed that i 14 the average sphitting of the second heart sound was
002 sec compared with 0 04 sec 1 25 normal persons It 15 possible that
this naceow sphitting may be due to profonged left \entricular systole, re
sulting wn delay of the aortic valve closure Gray? reported parado;\cal
fﬁht&mg where aortic valve closure accurs after pulmonic valie closure and
,5: );zg(;:]i ::dsp\\tlxng narrows during mspiration when pulmonic closure

‘In some cases of aottic stenows, the second heart sound may be widel

o VONY, — T2V be wacely
Z%“g"s Inone ;)I our patients who had severe aortic stenosts, with a grachent

Tom of mercury across the
by oo e aortic valve, the second sound was spht
In tuetse aotims, the 2ort
¢ second sound may have a
afl

quakity described as “tamboyr ke, this may l{c due 1 j ‘her metalue
the ascending aorta © 1o calaheation of

Tn their study of 15 cases of aortsc ste nosis, Rhetnhold and his associates 3
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Like mtral valve disease, aortic valve disease may consist of stenotic or
insufficiency lesions, or a combination of both When the aortic valve 1s
mvolved i rheumatic fever, insufficiency always occurs first, stenosis may
be a later development Luetic aortitis (see pp 350, 357) does not affect the
valve cusps, and aortic nsufficiency without stenosis results Congenital
aortic valvular disease usually results in stenosis, either subaortic or valvular,
but minor degrees of insufficiency may exist Occasionally there may be a
defective medial cusp of the aortic valve or congemtal fenestration of the
valve leaflets, giving nise to aortic nsufficiency Acquired lesions affecting
the ascending arch of the aorta, such as aneurysm (either fusiform or dis
secting), may result 1n dilatation of the aortic ning with nsufficiency

The murmurs of aortic valve lesions indicate whether stenosis, nsufh
ciency or both are present, but they are not diagnostic of the degree of
malfunction and do not indicate the underlying cause

HEART SOUNDS IN AORTIC VALVE DISEASE

FirsT sounp

In diseases of the aortic valves there may be marked accentuation of the
first heart sound because of (1) the increased force of left ventricular con
traction, giving a hyperdynamic heart with vigorous mutral valve closure,
or (2) changes n the sigmotd valves which may make their opening more
audible The third component of the first heart sound sometimes has an
almost craching sound The two peaks of the first heart sound may be
separated from 005 to 007 sec

EARLY SYSTOLIC CLICK

Following the first heart sound, there may be an additional early systolic
sound which 1s loud and can be heard best over the aortic area This sound
occurs 1n cases of a dilated aorta associated with ejther aortic stenosis or
msufficiency, but more commonly with the abrupt aortic expansion in pre
donunant aortic insufficiency

Potain * considered this sound to be due to an early, sudden, and limited
distension of the aortic walls, and Wolferth and Margolies - observed 1t to
be synchronous with the carotid upstroke In 1941, Lian, Minot, and Welt:®

188
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1]
used the term “protosystohc aottic clap,’ and 1n 1:4:, }:l,’?r;l:\‘:: Ca::llq p?):ed
tolic Aattic vibratio
fentz? gave 3t the name of ' meso 33 o
Trequency group of vibrata
of a farly high 1ntensity, medium .
i the electrocardogram
2 ta 020 sec after the onset of the Q warve
2;(1 ©08 to 010 <ec after the sutial \ibrations of the first heart sound
Generally exceeding the first peart sound 3n ampltude, st occurs after the
n, of the sigmord valves
OP;\ austudv of 15 voung persons who had aortic stenosis, Rbemhold and
Tus to workers® found 6 of them to bave an early systohic chich occurnng
on on average of 0 16 sec after the begimng of the Q wave of the electro
cardiogram The Frequency of this sound was between 350 and 200 cvcles
per second
Ginee the first heart sound ts described as having vsbrations ansng in the
great vessels whach ¢ sts uenally dible fourth comp t, thts
early sgstohic chich could be cansidered 25 beng 2 delayed and exapgerated
fourth part of the first sound and not as 2 truly new spund

SECOND SOUND

The avre second sound may be dimumshed ot even absent an sortic 1
sufnciency , or 1t may blend with the aortic diastohe murmur, whch has 1ts
reatest wtensity early n diastole In gottic stenosis the aottic second heagt

+~Sound may be loud normal or even absent Frequently (f 1s stated that the
second sound 15 normal 10 subaostwe stenosts and dimumshed m aortic valv
tar stenowis® but we are nat aware of any good evidence to support this
statement Usually it 15 dumunished o severe aorhic_stengsis, and al«o
moderate or even muld aortic stenosis when associated with myocardial
failure from any cause Mdd aortic stenosis calafic aottic stenoss, or
stenosts assocsated with sy stenuc artenal hypertension may have 2 normal
or even a loud second heart sound

In these study of 15 cases of aoriic stenpsis, Rheinhold and tus associates ®
observed that m 14 the average splitting of the secand heart sound was
001 sec, compared with G 04 se¢ s 25 sormal persons It 1s posmble thay

this natzow ephiting may be due 1o prolonged leit ventnicular systole, re

sulting n delav of the aortic salve closuee Gray 7 reported paradoixcal

sghmng where aortic valve closure occurs after pulmonic valve closure and

:;Z lgzgé:a;:dsmmmg narrows dunng inspiration when pulmome clovure
i some cases of aorhie stenosys, the secand hear

‘%[\%_5 In one of our patents who had severe aortic ::ei(m%%

% : oor;u:ecol mercury aeross the aortic value, the second sound w as spht

In Tuetic aortitys, the aortic <eco;
nd sound may have a rath
quality descrhed as “ambovr e ihs may be due to a} Qrf e
the ascending aotta colerication af
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AORTIC INSUFTICIENCY

ETIon0GY AND DIAGNOSIS

Aortic msufficiency may be caused by a wide vanety of diseases or
conditions  theumatic fever (Tig 81) (see p 237), syphibs, bacteral
endocarditis (Figs 82 and 83), traumatic rupture of the vales, calafic
arteriosclerotic aortic valve deformuty, dissecting aneurysm of the ascend
ng aorta with distension of the valve ning, usually occurring 1 patients
with hypertension (from any cause) or cystic medial necross of the aorta,

sounds] | (|28 2 || DM b
71 (1T
Apex
_—-"":
|
P LT

Fig 81 (2 RIS Log) Systolc and diastolic murmurs in rheumatic heart disease Note
the normal first sound (1] 009 sec after the anset of the QRS complex the somewhat dia
mond shaped sys olic murmur {SM) of medium frequency and high (ntensity the normal
second sound (2} and the long diastolic murmur (DM) with a short crescendo and a long
decrescando phate

|nul|| Lt |1le

::ﬁ' {1 ICWM \

Fig 82 {2 RIS Log) Aorhic systolic and diastolic murmurs in rtheumahic heart duonln
with subacute bacterial end, dits and bined mutral and aortic lesions Note the normal

intensity first sound (1) 007 sec after the onset of the QRS complex the normal u::nd
sound (2) the tystolic murmur (SM] of medium frequency and moderate intensity with &
tendsnecy toward a diamond thape and the low fraquency moderate intensity diastolic mur
mur (DM} continuing throughout diastole
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Fig 83 1ZRJS log) Damond vhaped systol ¢ murmur and » disstolic murmur over the
base of the hyart of « patient with sorhic regurgitation followlng an attack of bacternaf endo
card 15 nvaly ng the aoct ¢ at @ Notw #he law frequency fow ntensity fest saund {11009
st aftar the onset of the © wave the second sound (21 almost completely obtcuted by
the murmurs the diamond thaped helosystohe murmue ISM) of b gh frequency and high tn

Tensty wth the apax of the d amend 10 mid systols and the decrescands diastelic murmur
(DM) last ng th oughout diastele

theumatoid arthntis cardiac difatation with severe anemua (Fig 84), by

pertension, <emle ectasia of the aorta “eversion® of arahe cu p (Fig 85),
and 1n some caces by aortic valve surgery for the correction of aottic
stenosts Congemital lesions causing 2ortic insufficiency are fixed opening,
of the valve 1n aortic stenosts (Fig 86), bicuspid aortic valve, fenestration

Stunds
}

Fig 80 ©2R15 Log) Decrasce do sacond sound
< ar ot datol < mucmar in o rber 5 of tou | o and gy TS % bub nct 8

he | d
h st sound 13} of ormal 1tensidy D)) yec u:h:';h-"hmm o ey Nots e 1 a
th few vibrat ons in systole (SM

Q wave of the olectrocard
1 ot sulfcrent Yo classify ag o 4 e o
8 nd i 51 703 e g s e ey 2 T
ecrase, .
- Saie ond e b st onr whch probably Tep atents & ¢l ght short d astol ¢ in
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Fig 85 (2 RIS Log and apex cardiogram) Musical diastolic murmur of aorhc i
sufficiency with an  everted cusp  Note the low intensity first heart sound (1) the crescenda
docrescendo systolic murmur {SM) of low intensity and medium frequency the low intensity
second sound (2} and the crascendo decrescendo diastolic murmur {DM) of extremely high
intensity and high frequency The crescendic phase s short and s followsd by & long
decrescendic phase

of the valve leaflets, defective medial cusp with ventnicular septal defect
(Fig 87), coarctation of the aorta with marked hypertension, and Marfan’s
syndrome (Tig 88)

MuRrMURS
The murmur of aortic insufficiency varies in itensity, duration, and char
acter It may be short, or 1t may continue throughout drastole and be ter
minated by the presystolic crescendo Austin Thnt murmur (Iig 89) The
intensity may be shight, and the murmur may be blow:ng m character, so
that its detection 15 dhfficult, or st may be exceedingly Joud and of such
] ] Ol ol [ l i
Sounds oy | [ idn 't L4 [ oM b ki
ke L
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Fig 86 (2 R1S Log with arterial pulse curve) Correlation between the dicrotic notch
and the aortic valve closure 1n a young girl with aortic valve disease probably associated
with subendocardial sclorosis Note the normal first sound (1) the diamond thaped systohe
murmur {SM} with the peak of the d amond in the Frst third of systole the normal second
sound [2) the dicrotic notch (DC} of the artenal pulse indicating the time of sorhc valve
closure the bifd pesk of the brachial pulte wave and tho high frequency low intensity
dastolic murmur (DM} The upstroke time of the brachial arfery tracing squals 010 sec
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Fig &7 (2 RUS Stath} Carotd thidh in a patent v th & vente cular soptal dafect and
sothe regu gitahon caused by o defect va mad ol cusp of the sort ¢ val o Note the normal
Tt (11 and sacand (21 sounds the syatol c mu mur (SM) which 15 d gmond shapad and of
hqh intans by and th long destod ¢ murmur (DML Tha acter al pulse shows b gh ntensity

syitolic vibrat o 3 wh ch are synchronous w th the systal ¢ eurmur Thete v brokione represent
the systol ¢ thr I

toughness 1 qualty that at fiest 1t may be mistaken for a sy stolic murmur
Usually 1t 1s duwmnuendo, as pomted out by Fauvel #1n 1843, although some
rurmits are shown by phonocardiography 1o have a <hort early crescendo
phase followed by a long decrescendo phase Transmission of the murmur to
he apex 1s fairly common

In order to detect an aortic diastolic murmur, 1t 15 essential to have the
patient hold hus breath 1n moderate expiration The breath sounds often
have a quality simlar to that of the aortic diastolic murmur and may mash
1t completely unless resparation 15 halted

Because of their hy o s

igh frequency_components, agrtic dastolic-murntr:
can best be detected with the diaphragm chest piece of the stethoscope

sog e o n b Yo a3 on
u.w-q;,‘f‘j))‘ \é‘,ﬁ'}h?m\ﬂ ) 3 ,) ] imomid \m«iﬁvw

Fig 88 12R1S Log ! To end fr0 murmur ¢ ysed b
119 sorts » d the sortc val 0 rag s

002 sec aft b onset of thy ORS comple  th
qon e ple  the sormal second sound (2) th,
m-de‘nw:dar“d r:x,!yel:,:u:;l;\.r :S:A) of m'odl o feaquency and moderate “‘:.:‘:""‘;":‘C:
sity from cycle fo eyel,
04 m i sy and Tow 6 modurate tans Lot ng sy o (OM? f
o
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Fig 85 (2 RIS Log and apex cardiogram) Musical diastolic murmur of aorhe In
sufficiency with an  everted cusp  Nots the fow intansity first heart sound (1) the crascendo
decrescendo systolic murmur {SM) of low intensity and medium frequency the low infensity
second sound (2) and the crescendo decrescendo diastolic murmur (DM] of extremely high
intensity and high frequency The crescendic phase 15 short and 15 followed by a long
decrescendic phase

of the valve leaflets, defective medial cusp with ventricular septal defect
(Fig 87), coarctation of the aorta with marked hypertension, and Marfan’s
syndrome (Fig 88)

MURMURS

The murmur of aortic msufficiency varies i intensity, duration, and char
acter It may be short, or 1t may continue throughout diastole and be ter
minated by the presystolic crescendo Austin Flint murmur (Iig 89) The
mtensity may be shght, and the murmur may be blowing in character, so

that 1ts detection 1s difficult, or 1t may be exceedingly loud and of such

| [ i
iy WP
| m;*:,l y UKy
I i f I
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Fig 86 (2 RIS Log with arterial pulse curve) Correlation between the dicrotic notch
and the aorhc valve closure in a young girl with aortic valve disease probably associated
with subendocardial sclarosis Note the normal first sound (1) the dismond shaped systolic
murmur (SM) with the peak of the diamond 1n the first third of systole the normal second
sound (2) the dicratic notch (DC) of the arterial pulss indicating the time of acrhec valve
closure the bifid peak of the brachial pulss wave and the high frequency low intensity
duastolic murmur (DM) The upstroks hime of the brachial artery tracing equals 0 10 sac
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of the other cusps resulted 1 transmission 10 the apex In most cases of
aottyc wnsufficiency , the msuficiency 15 not confined ta ane cusp alone, and
occurs through the central valve aperture ferr and Palmer,* in thesr re-
view of this subject, emphasized the paveity of evadence on which the Faster
rule 15 based, and numerous case 1eports have failed to prove s clmical
consistency

AORTIC INSUFFICIENCY AND PULUQNARY INSUFFICIENCY

Ore of the most difncult diagnoses 1 medicine 1 the differentiation of
the murmur which occurs 1n mild degrees of aothic insulhciency from the
Graham Steel] murmur of pulmonary msufnciency In muld cases of aorhic
tnsufficiency, there are no helpful penpheral signs (Fig 90), and, whereas

m some cases of pul Yy y the pul second sound may
be markedly accentuated, this 15 not always so

PISTOL SHOT
SQUND

!’ 7
t

T~ |_—

DORSALIS PEDIS
ARTERIAL PULSE

Fig 98 (S multaneous phenocardia
gram and arte 1l pulse t
\.:: y”u:; oﬁ-(:‘wnﬁ an slect ocard ogram ) P stol ahot f:uxn'd o'fmfh:';:f.: Jonels pads
e 'yl ;u whits boy w ih cheumat ¢ heart d & and fren aort o ey
‘.“p'l of shot saund 038 suc after the ontet of the QRS compt A
S tho ot o1 pules e \ > plox and the sudden 1 se ¢nd
.
One helpful o LP
elpful suggestion, m acqur i Wense 1
ed heart i,
—_ sease particular]
et sa:d:{ag:t:hsxs of pulmonary insufncienc unl e 2 )Z; 'Sblmn o
nd 2
Ww& 7 35 to exercrse the pat, s
e Graham Steell mormy tlo patent, dunng

r s said to
11 pulmona; get louder becar
o be el h? artery pressure Howeser, we have not found e of the rise

1able, and there are some cases pf ¢ und this procedure

! diopathic”
1ency 1n which the pulmonsc second sound 15 nop:n}:‘xllc u‘\l lg;‘;;;a? l“;lsum
, mtal hypo
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PISTOL SHOT

SOUND
(/ | \
Sonis | |
o AL amuaniy lnn'l y b " l’;\" "

FEMORAL ARTERIAL
PULSE

Fig B9 {Phonocardiogram over fomoral artery with simultanecus femoral acterial pulse
tracing and elecirocardiogram ) Pistol shot sound over the femoral artery In a 12 year old
white boy with rheumatic heart diseass and free asorhic regurgitation Note the loud pustol
shot sound 026 sec efter the onset of the QRS complex and the sudden nise and slightly
mors gradual fall of the arterial pulse wave

The diaphragm tends to screen out the lower frequency vibrations, making
the higher frequency components appear stronger

In the presence of a ruptured or a so called “everted cusp,” and with
calcification of the aortic valve, the murmur may be musical Loud musical
murmurs are hhely to be evanescent, the reason for this 1s not known

Comparatively loud aortic systohc murmurs may be heard 1n the presence
of pure aortic insufficiency The probable reason for this 1s the large
crease tn stroke volume, with a greatly increased flow across the aortic
valve, causing relative aortic stenosis Another possible reason for this mur
mur 15 the formation of eddy currents n the dilated prouimal portion of
the aorta These murmurs are maximal 1n early or mud systole, and are
transmitted to the suprasternal notch and along the great vessels of the
nech, more especially to the nght than to the left

FOSTER'S MURMUR AND RULE Between 1866 and 1873, Foster
described several cases of ruptured aortic valve cusps in which he tried to
correlate the direction of transmussion of the murmur with the particular
cusp affected He believed that rupture of the posterior or noncoronary cusp
resulted 1n transmussion of the murmur to the apex and that rupture of
either of the coronary cusps resulted 1n transmission to the ensiform process
On the other hand, Herrmann,! ** in studies on ammals, found that rupture
of the posterior cusp resulted 1n the Flint type of murmur, whereas rupture

010 11
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I'S Log} Early d amond shaped systalic murmar 1n & young boy w th con
g.:fr.l,.:.qlezs?.m B rqm. the Fust sound (1) of low entens Ty occurring DO% wae .4‘:“:\"
Bt of the ORS complex the d ama d shaped systolic murmur 1SM) occupying the o
theas fo rihs of systole (there 15 an ea ly crescand ¢ phase followed by a Josger decrescond ¢

d the seco d sound 12) of sormal intens by and sphit by 80T 3ac

Fig 92 12R1S Log) The ¢ff cf of a ventr cular sctopic bast on the heart sounds and
my m s a0 po foparat @ aortc stenos s and inyuFciwncy Not the off ct of tha veste cular
ectopc b at on the o sat f the £ st heart sound (1) Ths round mormally beg s 006 sec
After the ns fof #h QRS ¢ mplex but § bagas 017 sec sftar the onvet of the QRS w ik
The ect pc be 8 The systole m mur (SM) is g eatly reduced in Intensity w th the sctop c
beat and th d seiol

murmu  cannot be sesn cloa ly The s cond heart sound which was
normally spl ¢ {2 2) cannot be 1dent Fed follow g the ectopic beat

One reason why aortic stenosts has been missed frequently i the past 1s
that physicrans, winle diligent 1n Listening at the cardiac apes, often are less

xous w their

at the base of the heart The auscultatory
critena usually accepted for diagnosing aortic stenosis are (1) a grade 2

(or greater) ‘stenotic” systolic murmur at the second night interspace, con
ducting well to the suprasternal notch and the back, (2) an assucnam‘i sys
tobie thrill, and (3) a normal or dimunished aortic second sound

These coterra are suitable for the uncomplicated cases of valvalar aoriic

stenosis, but they are not quite so applicable 1n aortic stenosis with adds
tional \ESIOI;S {such as mmtral stenosis or myocardial fibrosts}, 1 cases of
congestive fmlure, or

e ) OF 1 primary myocardial disease, such a, subendocardial
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plasia of the pulmonary valves, the second sound may be diminished or
absent

If additional lesions, such as tight mutral stenosts, are hnown to be present,
and sf the pulmonic second sound 1s accentuated, pulmonary insufficiency
may well be suspected, but to prove this 15 exceedingly difficult, even after
cardiac catheterization and a careful study of the ventnicular and pulmon
ary artery pressure curves The differential diagnosis may not be possible
on climcal grounds alone

Postmortem mspection of the aortic valves in cases of severe calafic
aortic stenosts with nigid valves, shows a fixed aperture between the valve
cusps It seems obvious that aortic regurgitation must be present mn these
instances, and this theory 1s borne out by the presence of an aortic diastohc
murmur in approximately 20 per cent of the cases in our series It 1s possible
that aortic regurgitation may not be present 1n the early stages of the dis
ease but may become marked as the valve deformity increases Failure of
the regurgitant Jet to produce an audible murmur 1s presumably due mainly
to the small regurgitant flow secondary to the cone shaped defornmty of the
valve with 1ts apex “upstream !

Di1sSECTING ANEURYSM

In the differential diagnosis of aortic systolic and diastolic murmurs, one
must consider dissecting aneurysm of the aorta Classically regarded as
occurring 1n older persons with hypertension, the onset 1s said to be accom
panied by a severe tearing pain 1n the chest It 1s not generally appreciated
that dissection may be painless in 25 per cent of the patients It has been
reported 1n a fourteen month old patient, approximately 10 to 20 per cent
of the patients are less than forty years of age, and previous hyptertension
1s not a sine qua non It may occur spontaneously 1n pregnant young women

The diagnosis of dissecting aneurysm of the aorta can be made easly
when the sudden onset of the classical signs 1s followed by a prolonged
course of congestive heart faillure with cardiomegaly, tachycardia, and tach
ypnea Aortic msufficiency 1s secondary to the aneurysmal dilatation of the
aorta which accompanies the aortic dissection

AORTIC STENOSIS

ETI0L0GY AND DIAGNOSTS

Congenital aortic stenosts 1s fairly common (Figs 91 and 92) For many
years there has been great controversy as to whether aortic stenosis with
a calcified valse 1 adults 1s secondary to a rheumatic (Fig 93) or an
artertosclerotic process Sice aortic stenosis occurs m children, and since
the majonity of these patients survive their childhood, 1t 15 reasonable to
suppose that a certain number of cases of aortic stenosis 1n adults are con
gemtal, although some may be rheumatic or arteriosclerotic 1 ongn
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Since the systolic murmur does ;\o\ l;egm “nl\:‘ ;(:réei}::dﬁg::\:;ce cl'xO\:Q
he ventricle, mitral vahve closure 15 )
;::z::o:o::\(; can be hea'rd clearly The murmur has 1ts grm:‘es"til mt::cs:r)s
during the phase of maximal eyection from the ventncle, and this
ole
eﬂ?hem,:\:;rs:nur 15 typrcally loud and r(mwgg‘and‘ most
marked early m systole Itis heard best at the aoriic area and 15 well con
ducted to the neck., pacticutarly to the nght side, and occasonally also over
the upper part of the precordium Frequently, 1t 15 heard clearly along the
left sternal border, and sometimes also at the w Lian and Gets
mar ?* noted that the maximal site for dorsal propagation was the medial
aspect of the night supraspmous fossa The murmur termimates before the
aottic second sound, which may be normal or dmimished 1 intensity, 10
those cases associated with aorhic regurgitation, the second aortic sound may
even be completely ahsent
The murmur of aortic stenosis 15 always rough even 1f 1t 1s low 1n inten %
sity In the thick chests of muscular or (at'p?&?ns ot 1n emphysematous
patients 1t may be difficult to hear

In some patients a high pitched murmur, vanably described as squeakmng
or musical 1n character, may be heard at the apex This murmur was de
scribed by Stohes  1n 1854 If a agh pitched, <queaking or musical mur
ur 15 heard at the apex in elderly persons, a careful search should be made
at the base to try to rdentify a rough aottic systolic murmur

It must be realized that since aortic stenosis 1 1its early stages may have
few, 1f any chueal signs the lesser degrees af aortic stenosis may not pre
sent the classteal murmuy and thnll Any roughness of a basal sy stolic mur
mur should arouse suspicion, and the patient should be followed over a
period of years to see 1f the murmur desvelops the charactenstics of typical
aortic stenosis

Tt 15 not necessary to find a small pulse or a slow upstrohe of the pulce
wave before making the diagnosis of aorttc stenosts, nor 1s 1t necessary to

detect 2 systolic thnll All these factors are merely corroborating evidence
of 1ts ewistence being useful when preseat but not excluding the diagnosis
1f absent

TrIcoNomATION * In 1937 Chusholm *1ntroduced the term ‘trigonoida

ton’ 10 explain the presence of an aortc systolic murmur with dilatation
of the provimal portion of the aorta but without organic narrowing of thy

aortic valve He pointed out that since the aortsc valves were held at f ;
Points by their msertons they could not open to the full size of the d:l;:d
E(mﬂa therefore the three cusps would protrude into the aortic onfice 1 the
orm of a tnangle thus narrowing the aottic onfice Thes

then vibrate freely 1n the coluy s could

mn of blood creating a
mur
condition may exist at the pulmonuc valye s i he same
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Fig 93 (2 RIS Log) Aorhic systolic and diastalic murmurs 1n a pahient with theumahic
heart diseate atrial fibrillation and aorhic stenosis and Insuffictency Note the normal first
heart sound (1) 008 soc after the onset of the QRS complex the diamond shaped systolic
murmur (SM) of very high intensity and medium frequency with the apex of the diamond just
befors mid systole the second heart sound (2 2) sphit by 004 sec and the long slghtly
decrescendo diastolic murmur (DM} of moderate intensity commencing with the sscond
part of the split and continuing throughout diastole

Probably the earliest sign of aortic stenosts 1s a shight, rough basal sys
tolic murmur, heard best over the second right interspace, but this alone 1s
not sufficient evidence for a defimte diagnosis, and one must await the
development of more classical signs

In children, aortic stenosis may commence as a rather rough systolic
murmur heard at the third left intercostal space, only after some years does
the typical murmur and 1ts accompanying thrill 1t the second night inter
space become evident (Taussig *® reported 2 such cases in 1955 ) Levine
pomnted out that mn many patients, ongmally regarded as having benign,
nconsequential systolic murmurs when there were no symptoms ot other
evidence of heart disease, a loud systohe murmur and calcific aortic stenosts
developed ten to twenty years later Wiggers ' pointed out that the aortic
onifice must be reduced to something less than one fourth of its normal
size before significant obstruction to left ventricular outflow occurs

In most cases, the pulse 1s regular but there may be atrial fibrillation
In moderate to severe cases there 1s an associated aortic systolic thnil or,
rarely, a thnll confined to the mtral area

MuRMURS

Evans,'® 1n 1947, pointed out that the systolic murmur of aortic stenosis
begins immediately after the first heart sound in some patients and after a
shght delay n others In 19 of 20 cases studied by Leatham,™ the summt
of intensity of the systolic murmur occurred 1 mud systole, but we have
found the summit to occur more often earlier in systole
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AORTIC STENOSIS IN THE PRESENCE OF SEVERE MITRAL STENOSIS
OF MYOCARDIAL FAILURE

Severe degrees of aortic stenosis may be completely mashed by the rec
tion m cardrac output which accompanies marhed degrees of mutral sten
or myocardial failure Some patients with mutral stenosis have underg
surgery only to die postoperatively because of previously unsuspected
vere aortic stenosis

THE S%STOLIC THRILL IN AORTIC STENOSIS

A systohc thnll in the aortic area, at the suprasternal notch, and over
great vessels of the neck frequently accompanies the systolc murmur
aortic stenosis In mulder cases with relatively low intensity murmurs
thrill may not be palpable, 1ts presence 1s a reflection of the energy tra
mssion of the murmur, and 1s 1n no way indicative of the seventy of
lesion

COMBINED AORTIC STENOSIS AND AORTIC INSUFFICIENCY

I both systolic and diastolic aortic murmurs are present, they may
caused either by pure aortic msufficiency or by combined aortic msufficier
and stenosts If free aortic regurgitation 1s present, as shown by periphe
signs, 1t 15 reasanable to assume that the degree of aortic stenosis probal
1s not sigmificant Again, 1f mild aortic regurgitation 1s present, as shown
the penipheral pulses (Figs 94 and 95) and blood pressure, and yet card
megaly with marhed left ventnicular hypertrophy, and perhaps angmna,
present, then stenosis 15 likely to be the dominant lesion

Ll |‘
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1o

T

Fig 94 (2 RUS log ) A diminished secand sound and mimmal aorhc insufficlency in
&8 year old man with syphilitic aortihis and dilatstion of the ascending aorta Results
Minton tast were positive Note the first heart sound (1) of normal intensity occurring O €
sec afier the onset of the QRS complex the decrescende systolic murmur tSM) of medw
frequency and moderate intensity the greatly dimimished second heart sound 12} and Lh
varly disstolic muemur {DM) of very Jow intensity commencing with the second sount
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INSIGNIFICANT PULMONIC SYSTOLIC VMURMURS

The great majority of pulmonic systolic murmurs are classified as “‘not
sigmficant ” ‘The<e murmurs are soft and blowing wn quahty and are grade
1to 2 1 intensity They can be heard n most infants, chiddren, and young
adults, and frequently they can be, detected i older persons They are not
associated with any apparent heart dicease In all probabality, they are due
to turbulence resutting from blood flow across the pulmome valve and are

heard easily because of the antenior position of the pulmome vahe in the
chest

SIGNIFICANT PULMONIC SYSTOLIC MURMURS

“Sygnuficant” systohc murmurs of the pulmonic valse are most frequently
associated with congemtal heart lesions, with organic pulmomic stenosis,
with wereased blood flow through the pulmonic vahve {secondary to left to
nght shunts at the atrial or ventricular levels) or even with penpheral ar
tenovenous anewrysms The systolic murmur of valvular pulmonic stenosis
will be discussed 1 detas] 1n the section on congenital heart disease (pp 297
299} Tt s suffirent to state that this murmur (1) 15 heard at or shortly after
burth, (2) 15 Joudest at the second left intercostal space, {3) 15 rough and

stenotic " 1n quality (4) radiates well to the upper part of the back, the
suprasternal notch and also to the neck, (5} 15 usually grade 3 to 4 10
tensity, (6) 1s nearly always accompamed by 3 systohe thol, {7) 1 da

rAnond shap'e;l m tjle phonocardiogram, and (8) in the more severe cases ts
ya Hed nul

el p y valve closure sound
- Pulmone stenosts may be acquired, »f 50, 1t may occur as an 150
Z ed lesion associated with caramod tumors (Bjork’s syndrome) or 11 con
xq : m:im with multwalvular theumatic heart disease, n which case s

gmificance 15 overshadowed by that of the other valve lesions

SOUNDS AND MURMURS OF PULMON ARY

VALVE, INSUFFICIENCY
FinsT ueart soonp

The firsl
accentua\etdh::n sc\;}nd may be normal m intensity or may be markedly
s Sspecially sith associated mutral stenosis or with the hyper
23
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dynamic heart of some congenital lesions, 1t 1s loudest at the apex or lower
left sternal border and 1s often followed by an early systolic ejection sound
(systolic click) occurring after the opeming of the semilunar valves and
heard best at the second and third left interspace (Fig 96)
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Fig 96 (2 L1S Log end slectrocardiogram) Early systolic click (SG) in an asympto
matic patient with 1diopathic dilatshion of the pulmonary artery The first sound (1) 15 of
moderately low infensity and occurs 008 sec after the onset of the QRS complex The early
systolie click (SG) occurs 0 16 sec after the onset of the QRS complex Nots the systolie
murmur [SM) of medium froquency and low intensity the prominent second sound (2) and
the artefactual diastolic vibrations {DM)

PULMONIC SECOND SOUND

In most cases of pulmonary msufficiency associated with hypertension of
the pul y artery, pul valve closure 15 accentuated 1n intensity—
often markedly It 1s the loudness of the pulmontc second sound which
leads one to hsten carefully for the nsufficiency blow

In 1diopathic pulmonary msufficiency, the second sound may be normal,
whereas after the surgical correction of valvular pulmomc stenoss, 1t 1s
normal or dimimished

DIASTOLIC MURMURS

The pulmenary regurgitant murmur, first described by Graham Steell,‘\/
1s one of the most difficult murmurs to 1dentify n the field of auscultation
Often the patient Wiih a pulmonary regurgitant murmur has a history of
rheumatic fever, and the possibility of confusing this murmur with that
caused by aortic insufficiency arises

There are some points which help 1n the 1dentification of a Graham Steell
murmur, however, none of these 1s positive proof that aortic regurgitation
has been excluded
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| The murmur 15 logalized 1o the second and thud feft wtercostal spaces .

2 Thete 1 assoaated pulmonany byperten ion as «hown by accentuation of the pu
monary second sound

‘;:';‘yhe penpherat 1gns of aoric mcuffitiency such as wide pule pressure capillany
pulsation pistol shot femorals or bounding penpheral pulses are sbeent

4 There 15 no chnical or serologic evidence of syphulis

CHARACTER OF THE MURMUR Usually the murmur of pulmonary insuf
fiency 15 soft, high pitched, decrescendo, and blowing, starting with the
clostre of the pulmonic vale and ending 1n early or mud diastole Since the
murmur usually 15 d with pul y artery Wyp , 1t may be
preceded by an accentuated pulmonic second sound, wiich may be palpable
The site of maximum intensity of the murmur and of the pulmonic valve
closure should be the same, namely, the first, second or third left interspace
at the sternal border The Graham Steell murmur 1s not always a short low
imtensity murmet, oceasonally 1t 1s not only loud and easily heard, bus st
may tontinue throughout dizstole and have presystohc aceentuation, hike the
Austin Flint murmur of aortic regurgitation

ASSOCIATSD WITH HYPERTENSION OF THE PULMONARY ARTERY Pulmo
nary vascular obstruction always causes pulmonary astery hypertension
As the degree of hypertension increases, the klelthood of pulmonary snsuf
ficiency mcreases and the charactenstic murmur mav become audible

Congerutal murmurs result from pumary pulmonary vascular obstruction
(Fig 97) Bcquired ones may result from (1) severe mitral stenosts, (2)
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Fig 98 {2L1S Log) Diastolic murmur of pul y 1nsuffl in a patient with pul
monary vascular obstruction and pulmonary artery hypertension secondary to multiple pul
morary emboli Note the first sound (1) of low infensity the systolic murmur (SM} of
moderate infensity and medium frequency the very loud second sound (2) & low intensity
third sound (3) and a diastolic murmur [DM) starting with the sacond sound and continuing
into diastole in decrescendo fashion

chronic obstructive lung disease, (3) obstructive vascular disease of the
lungs (such as multiple small pulmonary emboh or multiple carcinoma cell
metastases (Fig 98), or (4) pulmonary vascular obstruction associated
with large left to right shunts at the atmal (Figs 99 and 100), sventricular
(Fig 101), or pulmonary artery (Fig 102) levels This latter group mn
cludes shunts created surgically

Although the murmur of pulmonary artery hypertension was first de
scribed by Graham Steell in a patient with mitral stenosts, it 1s obvious that
a stular murmur could result from pulmonary artery hypertension, what
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Fig 92 (2L1S Log) Pulmomic valve insufficiency a3 shown by Graham Steell murmur
1n pationt with atrial septal defect and pulmonary actery hypertension Nots the normal first
hoart sound (1} 010 sec aftor the onsst of the QRS complex the diamond shaped systolic
murmur (SM) of medium frequency and moderate intensity the widely spht second sound
122} spht by 007 sec with an teated second comp and the early d d
drastolic murmur (DM} of high frequency starting with pulmonic valve closurs and lesting
throughout the first quarter af duastols
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Sonds

111

alont

100 (2 LIS Log) Groham Steell murmur of pulmonary I!\Iuﬁ;c nnc’ymn‘lli ;": ':."‘

Iy 1 septal dafect and pulmonary 2 tary hypertens on Nots the nol o

PR .o;'P . aftor the onset of the QRS complex the early systol ¢ ¢l el ls,;“ -

v dl‘” ‘:\ “‘Q of the ORS complex the early decrescendo systol & musmur e

. ‘“‘ .1.0 :n'u:“:c\ second sound (220 % th sccentuat on of the second compone® o
::M‘:n y closu e and the decresce do d astol ¢ murmer (DM) of hgh frequency

t th
P durate ntass by commenc ng with pulmon ¢ valve cloture and continy ng throughout the
q eater part of d astol

ever the cause The murmur 1> cau ed by the regurgiation of

blood from
the pulmonary artery through the pulmomc yale into the nght ventnicle,
but the loudness of the murmur 13 not necessanly indicatise of the degree
of regurgitation
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Fig 101 (2L1S Log} D atolc murmur of pul
seando assoc ated with p Imonary hyperte 30 10
shunt ab th ve + cul tl vel Nots the £ stsou d {1 of normal inteanty occurnng probably
008 1o afte the onset of the QRS ¢ mpl x (althe g

mo ¢ ins Fein ¢y wth pravystol ¢ cre
pate twihalo gstand g leftto right

h n the F st and last complexes the
ma m | batosseem to be s multanecus with the peak of the R weve) Note slso the
short dac esce & ¢ systol ¢ my mur (SM) of low indons ty the loud seco d sound (2} and
4 wole m my (DM of hgh wntens ty snd medum o hgh fraq ency commenc ng
wihthes ond sou d a dtemnstag na p esystol ¢ erorcond & murmur (PSM) This type
of p wystelcer  ndo occu ng wth th m emur of pulmonary nsuffc ency 1 comparable
tothe Ast Bl tmumrof ortcmufce cy
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Fig 102 (2L!S Log ) Murmurs heard at the second left Interspace in a patient with a
patent ductus arteriosus and pulmonary artery hypertension The loud first heart sound (1) Is
apparently spltt by 0 04 sec The first part of the spht follows the onset of the QRS complex
by 005 sec The second part of the split i1s much louder follows the onset of the QRS com
plex by 009 sec and undoubtedly represents an early systolic click Note the decrescendo
systohic murmur (SM) of moderate intensity and medium frequency the second sound (2}
of variable intensity and the decrescendo diastolic murmue {DM) of low intansity and high
frequency starting with the second sound and :onhnumg ﬂ|rouqhouf the first half of diastole
{15 impossible to ba certain either cl Iy or p. graphically whether this musrmur
1s & pulmonary insufficiency blow or the dmﬂohe component of a ductus murmur although
the high fraquency suggests an insufficiency blow

NOT ASSOCIATED WITH HYPTRTENSION OF THE PULMONARY ARTERY Mur
murs of pulmonary insufficiency not associated with hypertenston of the
pulmonary artery may also be either congemtal or acquired Congemtal ones
(Fig 103) result from some anomaly of the pulmonic valve cusps or the pul
monic valve ring This 1s not common, 1t may represent an 1solated lesion,

Sounh iy 1
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Fig 103 (2 LIS Leg) Loud dumond shaped diastolic murmur of pulmonic insufficiency
secondary to rdiopathie pul in an ptamatic patient Note the first
heart sound {1} of low intensity 0 06 sec after the onset of the QRS complex the minimal
systolic murmur {SM) the normal second sound (2 2} sphit by 003 sec and the extremely
high infennty medium frequency crescends decrescendo diastalic murmur {DM) commenc
ing with pulmonic closure and continuing throughout the Frit thres quarters of diastole
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r has
and 1n the few cases of this type which we have 0b<enedi, lht; ;:::’tx:‘uhmn
her signs of co
with any symptoms or ot
. beencaSSDGa}e‘ii 1 - of the pul \alves may also be assoc\x):\l‘ed
ase .
l“l:‘eh \emnc:hr septal defect, occasionally 11 ass;)cmuon mn; :ini;l::::o: z(
murs vesult from surgical dus
ulmonic stenosis The acquired mur!
It’he pulmonic valve after attempted correctton of congemtal pulmomc ster;
osts (Fag 104), exther from splittng of the pulmonic valve itsell or secon!
ary to the insertion of a prosthesis acrass the pulmonary valve nng

S

g) Short d astol e m tmur of pulmomic Tnsufciency follow ng Brock
cst ass The Frst sound (8] 13 of low intens ty end occurs 0 07 sec
aft rth onsat fth QRS omplex Nota the crascondo decrescendo systol ¢ murmur (SM}
of mod atoly hgh f equency and 1nt nsity the second sound (21 of low fntensity and the
4 tolc mumur (DM) of low inte sty a d med um frequency occupying the Fest half of
d astel

al otomy § p Im

PULMONARY INSUFFICIENCS ASSOCIATED WITH MITRAL STENOsIS ‘The di
agnosts of a Graham Steell murmur 1s often overlookhed 1 cases of severe
mitral stenosis not because 1t 15 not suspected, but because aortic regurgs
tation 1s often associated with rheumatic mutral disease, and the difficulties
in excluding this condition are well known

With the great increase 1n mitral valve surgery in recent years, 1t has be
come commonplace to hear a diastolic murmur at the second and thurd left
nterspaces precperatively, and to be unable to decide whether 1t 15 aortic
or pulmonic 11 origin Complete disappearance of the murmur after success
ful splitting of the mitral vahe suggests pulmonic origin, whereas an increase
w the murmur postoperatiely suggests that it 1s due to aortic regurgitation,

which has become more marked with the increase n cardiac output after
tehief of the severe mitral obstruction

1f the murmur neither ncreases nor decreases, the point cannot be proved
one way or the other thisis especially so sf the pulmo:
mary b
persists after surgery ° ? hopertension

ConcLusioN The murmur of pulmonary wsufficiency may accompany
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many different forms of underlying heart disease, but in the majouty of

cases there 1s an assoctated mncrease in pulmonary artery pressure
REFERENCE

1 Stecl, G The murmur of high pressure m the pulmonary artery M Chron 9 182
1888
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Tricuspid valve disease may be congemital or acquired, 1t may bc:\\:is:etteo
gurgitation ot stenoss or both The acompanying murmurshmay e et
structural changes m the valve cusps or the valve ring or they may
to 1ncreased blood flow through a relatively normal valve

Acquired tricuspid disease as an 1solated valse Iesion 1s rare Except for
a few cases ted with di d fupus eryth or carcinoid
tumors the disease 15 practically always accompamed by concomitant
mutral Jesions and sometimes by aortic sah e disease also The close anatomic
relationship betveen the tricuspid and mtral valves makes the separation
of ther murmurs extremely difficult Although the diagnosis of acquired
tricuspid valve disease 15 being made with more and more accuracy, never
theless, difficultres are still frequently encountered in its clinical recognition

The electrocard and the are of hittle help n the diag
nosis

The accuracy of the antemortem diagnosis of tricuspid valve disease does
ot compare fasorably with that of aortic or mitral valve disease Frequently,
tncuspid vahve disease 1s found at postmortem examination when 1t had not
been suspected during hfe Smith and Levine,} studying the results of 340
postmortem examipations of persons with rheumatic heart disease, mcluding
227 with mitral stenosts, found 32 cases of tricuspid stenosis It was severe
n 11 cases, moderate m 11 and slight 1n 10 mtral stenosis was present
also m all 32 cases In an additional 60 cases, there was orgamc tricuspid
valve damage which was usually severe enough to cause functional tricuspid
msutficiency In other nords, some form of organte tricuspud valve wvolve
ment was present 1n 27 per cent of the 340 cases of chromic rheumatic heart
disease Of the 32 persons who had tricuspid stenosts, the average age at
death was 34 3 years There were 9 males and 23 females none of the males
had marked tricuspid stenosis
m::zc::;:s \:iol::hgxg:;x:t;efsalun making an accurate diagnosts of tricuspd

scultation other ponts in the physical exam
nation will be discussed briefly 1n this chapter

TRICUSPID INSUFFICIEACY
CONGENITAL ANOMALIES
Trcuspd nsufbciency mas
y occur with certa
volng it un congemtal angmalies 1n

alve Among these are Ebstein’s anomaly and defects
221
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1 the upper part of the ventricular septum 1t the ongin of the medual cusp
of the tricuspid valve Examples of the latter may be found with atrioven
triculans communis defcts

Other congemtal lesions causing tricuspid nsuftictency do not wmsohe
structural defects 1 the salve stself, but result mstead in right ventncular
fanture and diltation of the tricuspid ring

These lesians (1) may be left sided 1 ongm, as m severe hypertension,
coarctation of the aorta, or, rarely, aortic stenosts or mutral stenosts, (2)
may occur at the level of the pulmonary vasculature, etther in primary pul
monary vascular obstruction, or m pulmonary vascular obstruction assoc:
ated with left to night shuats at the atnal, ventricular, or pulmenary artery
levels, (3) may occur at the pulmonary valve level, as in severe pulmomc
stenosis, with an intact ventricular septum, or (4) may affect the whole
heart, as i prolonged arrhythmas, such as ectopic or paroxysmal atral
tachy cardia, or 1n generahized my ocardial disease, such as endocardial fibro
elastosts

ACQUIRED LESIONS

As with the congenttal lesions, the acquired ones may be divided into
those causing structural deformuty of the valie and those which simply
cause dilatation of the tricuspid ring

LESIONS CAUSING STRUCTURAL DEFORMITY OF THE VALVE

1 Rheumatic heart discase with multisalvufar involvement (by far the most important
m thus group)

2 Lupus erythematosis

3 Caranoid tumors

LESIONS CAUSING DILATATION OF THE TRICUSPID RING

1 Any leston which may cause left ventricular fulure and secondaniy night ventncn
far falure (for example <ciere hypertension from amy cause coronary heart disease
aortic valve disease—~stenosts or ion)

2 Cor pulmonale (either acute followny, pulmonary embolus or chromc assoctated
with berylliosis silicosis chronic bronchitis or emphysema)

3 Acquured pulmonic stenast as i Bjork s syndrome (carcnoid with acquired put
monic valve disease)

4 Lestons affecting the whole heart (such as rheumatic myocarthtis bactensl endo
carditss or other types of myocarditis)

Auscurtarion (I'ic 105)

[IRST HEART 50UND Stnce the principal valvular component 1 the fiest
sound 1s due to mutral closure the wtensity of the first sound varies accord
ing to the nature and seventy of the underlyng disease

PULMONIC SECOND HEART sounp The pulmomnic second sound 1s accen
tuated if tracuspid wsufficency 15 secondary to left sided failure or obstruc
tion at the level of the pulmonary vasculature If there are obstructive
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sacond complex comme ces O 145 ¢ after the onsat of thy QRS complec of the electrocard o
gam Th tound 1x ag in sccentuated but tha 8 ma it s Hhe second val uler companent wh ch
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the tecond cycle wher the sacond tou d s almost wnws ble the p eced ng drastole squalt
that p eced'ag the | b comple whees the tacand sound s aormal i Inteqscty Thoeo 15 3
d astel ¢ murmyr {DM) of low fraque cy and Jow int maty i sach cycle The durston ol
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anddhe sctop c baste Not th gradual descent of h v wa o wh ch dous not bag » 4o fail
untlafterth second sov d in any of the eycles v copt the Jast

lestons at the level of the pulmome valve or 1solated lesions of the trcuspid
vahe aselt the pulmonte second sound 15 normat or dimimshed
Mupyues OF TRICUSPID INSUFFICIENGY (SEE P 272) No charactenistic
diagnostic murmurs accompany tncuspid sufficiency Usually, there 15 a
blowing systolic murmur of moderate itensity at the wuphotd process or
shghtly to the left of the lower sternal border, sometimes 1t 1s harsh and
sometues soft This murmur was noted by Rosenback, n 1878, 1n dogs
with mnjury to the tncuspd valve Howeser, . y .

simlar murmurs accompany
many other cardiac lesions The murmur associated with tricuspid 1nsuin

aency unhhe that of mitral insufficien:

0y 15 not transnutted to the lef

and left lung base but transmits well to the iy
an'!;norly It often increases 1n mtensity durin;

he mutmur associated wi
th tricuspid snsufficiency 15 best
nl;nb who have no other valvular 10 ol t The \:,L N 'swdwd e
€ murmur to be decrescen ¢

sele endo or plateau shaped, 1t [asts throughout

ght lower part of the chest,
B Inspiration

shows
all of
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A chinical pont of some mterest 1s the diagnoss of trcuspid snsufficiency
1 the presence of long standing, progresstvely severe mitral stenosis Occa
sionally, 1 a patient who has been followed for years, an apicil diastohic
murmur previously noted dimimshes untd it 1s barely audible, due to an n
crease 1n the seventy of the stenosis, mstead, a loud, or moderately loud,
blowing systohc murmur may appear between the apex and the Jover left
sternal border This suggests that as the mutral stenosis becomes sey ere, the
right ventricle fails and tricuspid insufficency results

In chronic rheumatic heart disease, there 1s no way of differentiating be
twveen true orgame tricuspid insufficiency resulting from damage to the valve
leaflets themselves, and functional tricusprd msufficiency, resultmg from
right ventricular failure and dilatation of the tnicuspid ring By contrast,
tricuspid msufficiency resulting from left ventricular fulure or chromc cor
pulmonale without rheumatic valvulitis, can be assumed to be {unctional

FRICUSPID STLNOSIS

Tricusprd stenosis may be orgame or functional and may be congentat
or acqured

Orcanic

ConerNiTAL Congemital tricuspid stenosis almost 2lways s associated
with other major cardsac defects, and 1ts diagnosts, except by finding a gra
dient across the tricuspid valve at cardrac catheterization, 15 virtually m
possible

AcQuIrREp Acquired orgamic tricuspid stenosis 1s usually due to rheu
matic heart dssease, n which case, the mutral valve certamnly, and posstbly
also the aortic valve 15 1nvolved Less commonly, the acquired lesions may
be due to lupus erythematosts, bacterial endocarditis involving the tricuspid
valve, or even tumors or thrombr in the night atnum In alf these cases, there
15 true obstruction of the tricuspid valve orifice

Rheumatic tricuspud stenoss (Fig 106) Tricuspid stenosts should be
suspected m patients who have rheumatic heart diseace with mitra stenosis
and aortic valve involvement, and who n the absence of any signs of acute
rheumatic fever, hwve chromc congestne heart fature This as especially
hiely if the patient 1s a female, 1t 1s not lkely however 1n patients who
have rheumatic heart disease with severe nutral regurgitation

Rheumatic tricuspid stenosts 1s often accompanied by roentgenologic evi
dence of ripht atrial hypertrophy, and at least 25 per cent of the patients
have atnal fibnllation

The chmeal signs of rheumatic tricuspid stenosis are often dommated by
those of concomitant mutral and -ortic vah e disense

Less common forms of tricuspid valve 0bstructron Ball vahe thrombs
(Fig 107) or tumors m the right atrium may cause mechanical obstruction
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A chmcal point of some mterest 1s the diagnosts of tricuspid msufficiency
1 the presence of long standing, progressi ely severe mutral stenosis Occa
sionally, 1n a patient who has been followed for years, an apical diastolic
murmur previously noted dininishes until 1t 1s barely audible, due to an in
crease in the seventy of the stenosis, mstead, a loud, or moderately loud,
blowng systolic murmur may appear between the apex nd the lower left
sternal border This suggests that as the mitral stenosts becomes severe, the
night ventrcle fails and tricuspid insufficiency results

In chromic rheumatic heart disease, there 15 no way of differentiating be
tween true organic tricuspid msufficiency resulting from damage to the valve
leaflets themselves, and functional tricuspid msufficiency, resulting from
right ventricular failure and dilatation of the tricuspid ting By contrast,
tricuspid nsufficiency resulting from left ventricular failure or chromc cor
pulmonale without rheumatic valvuhtis, can be assumed to be functional

TRICUSPID STENOSIS

Tricuspid stenosis may be orgamc or functional and may be congemtal
or acquired

OrgaNiC

CoNGENITAL Congenital tricuspid stenosis almost always 15 associated
with other major cardiac defects, and 1ts diagnosis, except by findmg a gra
dtent across the tricuspid valve at cardine cathetenization, 15 virtually im
possible

Acquirep Acquired organic tricuspid stenosis 1s usually due to rheu
matic heart disease, in which case, the nutral valve certunly, and possibly
also the aortic valve 15 1nvolved Less commonly, the acquired lesions may
be due to lupus erythematosts, bacterial endocarditis involving the trcuspid
valve, or even tumors or thrombi 1n the night atrium In i these cases, there
1s true obstruction of the tricuspid valve ornfice

Rhctmatec tricusprd stenosts (Frg 106) Trcuspd stenosis should be
suspected 1n patients who have rheumatic heart disense with mitral stenosis
and aortic valve mvolvement, and who, i the absence of any signs of acutc
rheumatic fever, have chronic congestive heart farlure This 1s espectally
likely 1f the patient 1s 1 female, 1t 15 not hkely however, in patients who
have rheumatic heart disease with severe mitral regurgitation

Rheumatic tricuspid stenosis 15 often accompanied by roentgenologic vl
dence of night atrial hypertrophy, and At Icast 25 per cent of the patients
have atrial fibrillation

The chincal signs of rheamatic tricuspid stenosis are often dommated by
those of concomitant mitral and aortic valve disease

Less common forms of tricusprd oalve obstruction Ball valve thrombt
(Fig 107) or tumors in the night atrium may cause mechameal obstruction
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of

wired lesion results from the vupture of an aneurysm (:C::§;312§rly
:?;s:‘}\a o the night ataum, but a more common cause :s ,d e e
diastolic filling of the nght ventncle secondary to tricuspl e e
i:om any cause The congemtal lesions aré discussed morzs T
section on congemtal heart dhsease (see ;:ni:(; ‘.’; tls)pf‘!l;l;::‘:\; : s:; b
m“s‘td;:gl:;: ‘:ll;h o é’eiecﬂsn:?exe In diastolic blood flow through 2
:i:mal or even through a dilated, tneuspid valve On auscl‘matlonb:?:re“:fx :x
medium frequency , moderate intensity, mud and late drastohe rumbhng
mur, but no presystohc crescendo (Fig 108)

JUGULAR VENOUS PULSE TN TRICUSPID \ ALVF DISE ASE

ful examimation of the
When tacuspid valve disease 15 suspected carel
Jugular \enous pulse may be resarding (Fig 109) The examination should

w4 My, o,
o, A0t i Iy R,
il 5, 1 3 1 \]
WA esm Y\ psm! Sipsm

al's

Fig 107 (LLSE Log) Pl tasyshaped c ples ¥ wa o In tncuspid miofeiancy Tn & 14
y srold boy wih heumatc hea t dssase and & graatly snla ged heart secondary to frae
aortc ag gtation Note the p omm nt ¢ plus ¥ wa o oa th ugufar venous pulse fracing
wth a rap d descent of the v wa o estly 1n d astole 1ugg st ag that the it no s gn feant
gead ent scross the £ 1cusp d al » Note also the b 0ad rathe loud f st sound (1] commene
g 006 sac after the ontat of the QRS complex the decrescendo systol ¢ muemur (SM) of
m dam f equency and moderat 1 tens ty th no mal second sou d (2} the thied saynd (51
of & able t sty adthemdd stlem m

1PsM)

wth 4 pomnent pratystel ¢ ¢ steande
Systol  murmurs were ¢t ot at both the ape  and the xpho 4 procann There wat ho
stekngd Fo ance wth e 1p cat on Bacauts of the prominent warter p bavion it wat assumed

that the systol ¢ muemue ot the lows Vaft ste al border was & o to #r cusp d regurgitet on

be performed with the patient seated or at Jeast rechning at an angle of 45°
from the honzontal Any wisible pulsations of the neck vetns i the seated
patient should be regarded as abnarmal, although wn some short-chested
usually overweight persons, s enous pulsations may be visible just above (he,
night clavicle

Rught ventricular failure with tncreased systemic venous pressure 1s the
mast common cause of yugular venous distention and the hugher the sys
temic venous pressure, the hugher in the necl, <an the pulsations be seen
With greatly mcreased venous pressure and permanently distended vens,
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at the tricuspid valve onifice If the tumor or thrombus 15 mobule, there wil
be an mternuttent diastolic rumble at the xiphoid region, with changing qual
ities m the heart sounds, and perhaps attachs of syncope If the tumor or
the thrombus 1s fixed in a position where 1t partially obstructs the tricuspid
valve, the signs will not change and may resemble those of constrictive perl
carditis When thromb: are present, rheumatic heart disease with atnal
fibnllation usually 15 the underlying lesion In cases of tumor formation, the
tricuspid valve obstruction may be present as an 1solated lesion Rarely 1s
the tricuspid valve the site of bactenal endocarditis (Fig 107)

AuscuLTATION At the xiphoid region there 1s a mid diastolic, and pos
sibly a presystolic, rumbling murmur This can rarely be clearly distin
guished from a simultaneous apical rumble of matral stenosis, but 1t may be
suspected because of 1ts accentuation with nspiration

Rivero Carvallo ® noted that the murmur of tricuspid stenosis becomes
considerably stronger following deep inspiration This phenomenon can be
explamned by the increase 1n the size of the chest cavity following mnspira
tion, causing an increase n intrathoracic negative pressure and resulting in
greatly increased venous inflow through the right side of the heart

Recently, hossman * described the presence of the opening snap of the
tricuspid valve 1n tricuspid stenosis

FuncrionaL

Tunctional tricuspid stenosts (T1g 108) 1s that which 1s due to increased
blood flow through a normal or even a dilated tricusprd onfice It may be
congemtal, resulting from left to right shunts through atrial defects or via
total or partial anomalous pulmonary venous drainage, or acquired Rarely,

Soueds |
! 1

6
IR

Fig 108 (LLSB Log} A late diastolic presystalic murmur frequently heard in patrents
having fotal snomalous pulmonary venous drainags and presumably due fo greatly increased
flaw through the tricuspid valve This ropresents a relative degree of tcuspid stenous where
he valve itself is anatomically normal Note the very fow intennty frst sound (41 the hole
systolic murmur (SM) of low intensity and medium frequency the wall spht (004 sec ) second
sound (2 ) with the second component at the spht much louder than the first and the pre
lic murmur (PSM) not crescondic up to the first sound but somewhat diamond shaped
¢ after the onset of the P wave and continuing for 0 12 sec to the onset

systol
commencing 0 08 se
of the QRS complex
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looked This sign, although easy to ehatin chaldren and i thsn adulls, may
be dficult ta detect m obese persons Vigorous pulations of the abdominal
aorta may cause transmitted pulsations and further confuse the exammner

PRESYSTOLIC HEPATIC P! ULSATIONS

Trcuspid vahe obstruction or increased night ventnieular end dhastolic
pressure necessitates ncreased atnal actwity to fill the nght ventricle Be
cause of the abeence af valves o the great vewns entenng the night atrium
a reflux of blood may cause a pressure nave to be transmitted to the huer
Such a wase 15 presystohic 1 timing and conades waith the @ wase of the
Jugular venous pulse Many patients with adsanced trcuspid stenosis have
atnal fibnllation, 1 which case, presystolic hepatic pulsations are not
present

Adults with tticuspid msufhciency and tricuspid stenosis, or night ven
teicular failure could have both presystohic and systolic pulsations

DIF:ERENTIAT DIAGNOSI» 1t 15 mportant to realize that a presystohc
ver pulsation 15 not necessanly dragnostic of trcuspid vahe ob truction,
and that it may occur with any type of night ventricular {aslure or obstruc
uon which interferes with the filing of the nght side of the heart We have
obser ed 1t 1n cases of subendocardial sclerosis, pulmonary \ascular ob

struction, pure pulmonic stenosis constnictive penicarditis, and perscardial
effusion

SYSTOLIC HEPATIC PULSATIONS

Although systolic pulsations of the liver or the deep veins 1n the necl
may be wdicative of tricuspid nsufhciency nevertheless, tricuspnd diata
tion may be secondary to generalized cardiac failure, and not related spect
fically to pumary disease of the tnca pid vahe

The systolic hepatic pul 1 tncuspd 1

10n corresponds to
the ¢ plus v wave plateau in the nght atnial pressure cunve

CONCLUSIONS
It would seem that the diagnosis of tncuspid valve disease 15 free uent]
overshadowed by concomitant mutral and aortic lestons 1n thpse caseg wh i
are theumatic 1n ongin When tricuspid lesions are steondary to nonal 115
heart disease such as chronic cor pulmonale, the detection s sol ‘“h‘"'
easter Careful examination of the Jugular venous pulse and th 1 e pul
satians mav be rewavding ¢ e pul

mith J A and Levine ¢ bt xcal leatures of tncuspid stenosis study of
1 Smuth J A and Le S A The ch xcal Jeat, 1§t d A i
tavalvular stenosis Am Heart J 23739 1942 Y
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there may be lttle or no pulsation, and 1n extremely obese persons 1t may be
necessary to examune the vems under the tongue to appreciate fully the de
gree of distention
| If free trcuspid regurgitation exists, the vemns n the neck may be com
pletely flat during diastole and fill with a sustained reflux during systole
With severe gﬁlwmsiand normal sinus rhythm, or n tricuspid
atresia, the jugular venous pulsation 1s presystolic and reflects increased
night atnal activity If atrial fibrillation 1s present, no presystolic pulsation
occurs
% Alate diastolic filling wave can be seen 1n congestive farlure with a slow
heart rate Because of the prolonged diastole, the night ventricle, then the
right atrium, and finally the neck ves fill, giving a positive wave late in
diastole
The positive svstohc wave 1n tricuspid insufficiency comncides with the ¢
plus the v wave of the normal jugular venous pulse It s sard that mn tricus
pid stenosis combined with tricuspid msufficiency, the nise n the systolic
plateau 1s more gradual and the fall occurs later than n pure tricusprd 1n
suffictency ,° but we have not found this statement to be mfallible
In cases of severe tricuspid stenosts there may be a gradual dechne from
the summut of the v wave of the jugular venous pulse following the opening
of the tricuspid valve, and Gibson and Wood © stated that, even in the pres
ence of atnial fibnllation, this descent of the » wave 1s too gentle to admt
anv other diagnosis
In pure tricuspid isufficiency there 1s a rapid descent of the o wave iy
medhately following the opening of the tricuspid valve, since there 1s no
obstruction to blood flow through the tricusmd orifice, and the pressure in
the right atrium and in the vemns of the nech falls rapidly
It 1s important to note that a large a wave may be present n any patient
who has right ventricular failure and an elevated end diastohc pressure in
the nght ventricle This wave 1s a reflection of the right atrial activity

needed to exceed thts elevated pressure

DIFFERENTIAL DIAGNOSIS

In studying congested neck veins, 1t 15 necessary to consider constrictive
pericarditis, pertcardial effusion, and the superior mediastinal syndrome, in
addition to congestive heart failure and tricusprd valve disease m the differ
ential diagnosts

LIVER PULSATIONS IN TRICUSPID VALVE DISEASE

Although enlargement of the Irver 1s a well known sign 1 congestive heart
failure, and hver size 1s carefully measured in all patients with this cond
tion, nevertheless, true expansile pulsations of the hver, which may be help
ful dragnostically, are much less carefully sought and are frequently over
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16 / Acute Rheumatic Carditis

In these days of long term antibiotic prophylaus for the prev lenho? e:\i\ or:s
current streptococcal mfections and of the treatment of acute ‘bnl o
states 1o avord bactenal endocarditis, 3t 15 1taperatne that we be able 10 X
de whether the murmurs 1n acute theumatic fever are due f‘o true t :l vular
disease or are of the so-called “mnocent,” “functional " or “bensgn” types

Suce there 15 no specific dragnostic test for theumatic fever, and sice
the mportant fact from a prognosie pomnt of stew 15 1o hnow whether or
not the patient has myocardial and endocardial molvement auscultation
of the heart 1 of the utmost impottance Confirmatory evidence may be the
presence of & pericardual iriction rub, definte cardiat entargement, the onset
of congestive heart farlure or the presence of suggestn e electrocardiographue
changes

In acute theumatic feyver with carditis, the lesions mav smolve the aottic.
salve, the mitral valve, or both There may or may not be assotiated cardio
megaly Ti vere cases of rheumatic pancarditis with congestie heart farl
ute there may be evidence of tncuspid imsufigiency

Tt ts wnportant to realize that in acute rheumatic fever the matral valie
15 the valve most commonly affected, and the aortic valve less commonty
the vahes on the right side of the heart are much less frequently affected
than those on the left Ina study of 100 patients who died from rheumatie
disease before the age of twenty-one years Bland ! cited the valve mvohve

ment as follows Mitral, 98 aortic, 71 tricuspid 31 pulmonary 3, no
rahvalar imohement, 1

AUSCULTATION
FIRST HEART SOUND

» “FmsT DEGRFE Brock If the P R intersal 1s prolonged, the first_heart
sound may be dininished in intensity One reason may be that m the nor
may be dunimished in intensity
mal first heart sound the atrioventricular valies

are pushed wel) down nte
the sentricle by the atrral contrartion, and they have a considerable distance
s io Itra-.el when fensing and closing With a prolonged P R mterval, the
‘,\Q ah »;s lrend to float up to a more closed Pposition because of the eddy currents

3" waich form under the valves as a result there 15 )
fenemg o € 15 less of a snap with the

.y
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Fig f11 (Ap x Log ] Efects of o profo ged ¥ R nferval on the haarh sourdy fn stuts
Jheomat ¢ fo a1 The beg nn g of wach frst 10und complax commances 004 suc after fhe
© sefof th QRS The sound In the Rrsk complex cons 1ts of two fow Mans by puaty spit by
6045 ¢ wih fhe Frsf g aup be ng the mare p om nent fn the second eycle thy finst sound
T11 again cont st of fwo p aks But fh 3 1 my the second pask i the spax of & geaup of ax
tromaly h gh infens fy hh fraquency beatons The fow atens by systel e murmur [SM1 s
{41l changed and cecup as the feat fwo th cda of systsle Hate the moderately Joud 1econd
400 4 12 i both cycles 1 fhn frst cycle fhe third sound (31 15 sl ghtly louder than st Is
« the second cycle although fhe pos fion of the P waves wn rélation Yo th 1 sound 11 the same
The d astal c mu mo (DM] follows fhe P wave wherevee Tt falfs n the cycle and 10 pracedes

the Fest 5o nd a th & st cycle and fafls i 1fs expucted pout on following the thed sound
1 tha two succeed ng eyeles

blowing 1n character and frequently soft It 1s well conducted to the left
axlia and the left lung base, Which 75 expected from the antesopostetior.
durection of the blood flow from the Jefi ventnile to the lelt atoium The..
mrmur may lessen in intensity with deep nspiration, but it does not-dis ¢
appear If the patient changes from a recumbent to a sitting posture the
murmur remams fairly constant

TRICUSPID $3STOLIC MURMUR (SFE PP 221 224)

Although, occasionally the tricuspid valve 1s snsohved duning the inflam
matory process of acute rheumatic pancardiis, tricuspid systolic murmurs
usually are the result of tricuspid nsufficiency secondary to generalized

T

ity

Y N 8¢ te cheumahc heart d sease Noi

L
ow atens by & st sound (13 002 vec alter the onset :l‘ck:‘q’kz
T e f equency and low to modarate inteny ty

615 152 WApexLog ) Mteal

ntarval of 018 10e ?A- 1 ey

complax th holosystol ¢
d the low intens by sec
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An alternative explanation 15 that normal atrial systole almost completely
closes the valve by the “clostng jet” mechamism In some way this more
efficient manner of closure 1s interfered with when atrial systole occurs con
siderably 1n advance of ventricular systole, permtting a blurring of the first
sound erther because of some sufficiency when the ventricle contracts, or
because the leaflets have decreased mobility 1n this abnormal atrioventric
ular relationship

A prolongation of the P-R interval may be suspected 1f the first heart
sound 1s dmumished or 1f the ¢ waves are clearly distinct from the ¢ waves
n the jugular venous pulse tracng """

If the P R mterval exceeds 0 30 sec, the first heart sound may agamn re
turn to normal intensity

SECOND DEGREE BLOCK (165 110 AND 111) Heart sounds vary, depend
g on the lengthening of the P-R interval In Wenchebach’s phenomenon,
the successive first heart sounds may dmumsh pfogressively n intensity
untif a beat 1s dropped When the P R interval increases sufficently, a sum_
mation gallop may result In 2 1, 3 1, or 4 1 bloch, the first, second, and
third heart sounds may all vary, depending on the relationship of the atrial
systole to each of these sounds

APICAL W{STOLIC MURMUR

The murmur most commonly encountered 1n acute rheumatic fever 1s the
apical systolic murmur of mutral nsufficiency (Figs 112 and 113) This
murmur has certan definite characteristics It 1s heard best at the point of
maximal impulse and 1s grade 2 or more 1n intensity Rarely 1s 1t louder
than grade 4 1n the acute stage The murmur commengces with the first sound,
which 1t often obscures, and continues throughout most of systole It 1s

L L el
' 1

J
_—/"‘;‘
T e

Fig 110 {Apex Log ) Varying relationship of the P waves to the QRS complax in the
elactrocardiogram causing changes in the intensity of the heart sounds Note the low imtenuty
first hoart sound (1) in the first cycls and the much more intense Tiest sound 11} 1n the second
eycle The second tound (27 Is of stmilar infensity n each cycls The third sound combines
with the atrial sound fo form & summation gallop (SG) In the first cycle but nob un the
ocond Thero it a fourth sound [4) following the first P wave
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g U1 (Apax Log) Efects of a p olonged P R Tater al on the heart saunds in acute
shaumat c fo ot The beginning of each first sound complex commences 004 soc alter the
et of the QRS The sound In the Rrsk complex consitts of two fow intanuity peaks 3pf # by
0041 ¢ wih the fi st qroup being the more prominent In Ythe second cycle The Frat sound
111 gu n contists of bwo peaks but b & time the sece § paak Is the apes of & group of ex
¥ amaly high+ 14 sity high T equancy vb ahions The fow ennity systol e murmur (SHAT
} #le changed and occupies the Frst two thrds of systols Note the moderately lovd sacond
sound 111 1n both cyclas In the Srst eycl the 3hod sound (31 w0 slghtly foudee thantt ts
1 the sec nd eycle although the posit on of tha P wa n relat on to th ¢ sound s the same
The d astal c murmue (DM} Tollows the P wa o whar falls s the cycle and so precedes

the First 3ound 10 the fiest cycle and falls in its vxpected port on following the third sound
i the two succe d ng cycles

blowing in character and frequently soft It 15 well conducted to the left

axlla and the left lung ba%e; Which 1§ expected from the anteroposterjor.
direction of the biood flow from the Ieff ventntle to the lefy atnum The,
MIATMUT may 1esseh M miensity with deep inspiration, but it dogs hotdis <

appear i the patient changes from a recumbent to a sittng posture the
murmur remnams faily constant

TRICUSPID SYSTOLIC MURMUR (SEE PP 221 224)

Although, occasionally, the trcuspid valve 15 involved during the inflam

matory process of acute rheumatic pancarditis, tricuspid systolic murmurs
usually are the result of tricuspid insuffy
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An alternative explanation 1s that normal atrial systole almost completely
closes the valve by the “closing jet” mechamsm In some way this more
efficient manner of closure 1s interfered with when atrial systole occurs con
siderably 1n advance of ventricular systole, pernutting a blurring of the first
sound exther because of some imsufficiency when the ventricle contracts, or
because the leaflets have decreased mobility 1n this abnormal atrioventric
ular relationship

A prolongation of the P-R mterval may be suspected 1f the e first heart
sound 1s dimmshed or if the a waves are clearly distinct from the ¢ waves
in the jugular venous pulse tracing "

If the P R interval exceeds 0 30 sec, the first heart sound may agam re
turn to normal intensity

SECOND DEGREE BLOCK (FIGS 110 anp 111) Heart sounds vary, depend
g on the lengthening of the P R nterval In Wenchebach’s phenomenon,/
the successive first heart sounds may dimimish pfogressively 1n intensity
until a beat 1s dropped When the P-R interval increases sufficiently, a sum_
mation gallop may result In 2 1, 3 I, or 4 1 bloch, the first, second, and
third heart sounds may all vary, depending on the relationship of the atrial
systole to each of these sounds

APICAL WESTOLIC MURMUR

The murmur most commonly encountered 1n acute rheumatic fever 1s the
apical systohc murmur of mutral insufficiency (Figs 112 and 113) Ths
murmur has certain defimte charactenstics It 1s heard best at the point of
maximal 1mpulse and 1s grade 2 or more m mtensity Rarely 1s 1t louder
than grade 4 1n the acute stage The murmur commenges with the first sound,
which 1t often obscures, and continues throughout most of systole It 1s

ot Rl el ]!
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Fig 110 (Apex Log ) Varying relationship of the P waves to the QRS complex in the
electrocardiogram causing changes in the intensity of the heart sounds Note the low intensity
first hoart sound ([} in the first cycle and the much more intense Fest sound (1) 1n the second

The second sound (2) is of similar intensity in each cycle The third sound combines

sree but not in the

with fhe atrial sound to form a summation gallop (SG) in the first cycle
sacand There 15 a fourth sound (4) following the first P wave
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actual inflammatory thn_ker:igg of the mitral leaflets and thus some resist
ance to the left ventricular inflos may result

This murmur 15 often heard duning the acute phase of theumatic fever,
and, 1 our expertence, 1t 15 alnay s accompaned by the apteal systolie mur_
mur of mitral nsufficiency It does not occur as an 1solated phenomenon
The probable reason for thus 15 that the mutral insufficiency causes increased
left atnal pressure and 1ncreased left atral blood solume, thus, the eatls
rapid filling of the left ventncle occurs with a greater than normal pressure
gradient and a greater than normal blood flow, thereby accentuating the
relatiye mitral stenosis

When apical systolic and diastolic murmurs are present together, the term
* mutral valse mvolvement’ 1s frequently used ‘The apical dustolic murmur
noted under these conditions may disappear completely later on or it may
persist with the development of true organic mutral stenosis Qecastonally
the murmur may remain even without true orgame mitral stenosis 1f the
degree of mtral regurgitation 15 severe The diastolic murmur commences
Just before the third heart sound and connvnues into mid diastole Under
these circumstances the third heart sound hay be loud and the rapid In
flow wase of the apex ll’;&ll'\l:aI"le"tam!m:,bex’(E)F\mm‘S"_I

qnietimes the
diastolic murmur may be of short duration and may be masked by the loud
third heart sound

A0RTIC DIASTOLIC MURMUR (sEE PP 200 206)

The hugh pitched, soft, blowing diastolic m
hugh pitched 4 urmur of aortic sy
best heard i the aottc avea or along the et

lelt sternal border 1 the third and

4
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Fig 113 (Apex Log and linear} Apical systolic and apical diastolic murmurs in a case of
fatal rheumatic pancardibis Note the relatively normal first (1) and second 12) heart sounds
and a prominent thied sound (3} the decrescondo systolic murmur (SM) of moderats intensity
and medium to hugh frequency and the long diastolic murmur {DM) of low antensity and
medium frequency There 15 no opening snap and no presystolic crescendo The apical diastolic
murmur 1n this case 15 not indicative of orgamic mitral stenosis but merely represents the type
of diastolic murmur heard with relative mitral stensosis secondary to left ventricular dilafation
or ted with mitral requrg

rheumatic myocarditis, and are associated with congestive heart failure
The accompanying murmur 1s heard best either to the right or the left of
the sternum n the fourth or fifth intercostal spaces Sometimes 1t 1s heard
best between the apex and the lower left sternal border, where 1t may be
confused with the murmur of mutral insuffictency which usually 1s present
at the same tune
A helpful sign 1n further establishing the diagnosis of tricuspid nsuffi

ciency may be the presence of a sustained deep systolic venous pulsation 1n
the neck It 15 important to reahize that tricuspid valvular disease does not
OCCHF 3 an 1solated phenomenon 1n rheumatic heart disease Discovery that

the tricuspid valve 1s mvolved m the rh Ic process ically m
lies the additional involvément of the valves on the left side of the hear

APICAL DIASTOLIC MURMUR (FIc 114)
Along with the mitral regurgitant murmur of acute rheumatic fever there
may be an apical md diastohc_rumble This murmur 1s not preceded by an

opening_snap_and )s not terminated by a presystopcicrei@n_dg Obviously
1t 15 not caused by true organic mutral stetiosts, 1t may be caused by several
factors, of which two appear most probable First, because of the left ven

tricular dilatation that may accompany the acute myocarditts of rheumatic
fever, 1t 1s possible that, even with a normal mutral valve, the blood flow

mto a dilated chamber could result 1n relative mitral stenosts, and so cause
an apical diastohc rumble Second, the acute Edncardlgs_ may cause an *_
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fever It may become so severe that the development of a giant left atnum
follows, or 1t may be so nuld that 1t causes the patient no difficulty at all
The ntensity of the murmur, although helpful, by no means indicates the
exact degree of mitral insufficiency

Mitral stenosis does not develop as an acute lesion At least three to five

years, and often as many as thurty to forty-may elapse before sigmficant
stenosis develops

REFERENCE
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fourth interspaces, 1s common 1n acute rheumatic fever Frequently 1t 1s
nussed because of the lack of care 1n auscultation This murmur may be only
grade T or_grade 2 in ntensity It 1s soft, 15 eastly mashed by the breath
sounds, and 15 often of extremely short duration, lasting no longer than one
fourth to one third of cidstole It starts with the second heart sound and 1s
usually decrescendo m configuration, but occasionally 1t may have an early
short crescendo phase, followed by a longer decrescendo phase The essen

tial pomt m detecting this murmur 1s careful_listening with _the diaphragm
chest piece while being sure that the patient holds his breath during auscul

tation -

In adults this murmur 1s best heard with the patient leaning forward and v
to the left, holding the breath in full exprration Occasionally, it may be
necessary for the patient to assume the knee chest or the Anee elbow post
tion before the murmur can be detected

In children, the murmur often 1s heard best with the child lymng supine
Frequently, 1t 1s heard better along the left sternal border than in the
aortic area

A chaphragm chest piece must be used to screen out the low frequency
vibrations, thus 1solating the more brilliant high frequency components If
a bell chest prece 15 used alone, this murmur will be nussed frequently

NATURAL HISTORY OF MURMURS OF THE MITRAL VALVE WITH
RHEUMATIC INVOLVEMENT (SEE PP 171 197)

Rheumatic heart disease involving the mitral valve 15 a dynamic process
Over periods as long as forty years or even longer, the mutral valve may
show successively (1) a mutral systolic murmur, suggesting mitral msuffi
ciency, predommantly, (2) mtral systolic and diastolic murmurs, suggesting
mutral msufficiency, possibly with relative mitral stenosis and later with
true orgamic mtral stenosis, and (3) a mtral diastolic murmur, suggesting
mutral stenosis, predommnantly

In the early stages of the disease, the mitral murmurs are either purely
systalic or systohic and mid diastolic, but they are_never purely diastolic
The drastolic murmur of predommnant rheumatic mitral stenosis 1s rarely
seen 1n patients younger than nine or ten years of age We have seen tight
mutral stenosis with diastohc murmurs only 1 some patients from ten to
thirteen years old, but such murmurs are more common among patients fif
teen to thirty five years of age or older

Combined mutral stenosis and mutral regurgitation may be noted any
time after the age of approximately five years, that 1s to say, two to three
years after the earhest expected onset of rheumatic fever On the other
hand, mutral systohc and diastolic murmurs reflecting only “mutral valve
involvement” may be noted any time after the onset of acute rheumatic

carditis
Pure mitral regurgitation may be the only lesion following rheumatic
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AUSCULTATION

The sounds and murmurs of chromc rheumatic heart disease (Figs 115,
116, and 117) are prnapally those caused by lestons of the mtral and
aortic valves (see pp 234 235, 257, and 238), and, to a lesser extent, the
tricuspid and pulmonic valves (see pp 233 and 235 236)

The lesions of the aortic and mitral valves may be those of insufficiency,
of stenosis, or both Of the tricuspid valve, the leston 1s usually msufficiency,
and more rarely stenosis, of the pulmonic valve it 15 almost always msuffi
ciency Various combinations of these murmurs may be present

FIRST HEART SOUND

While 1t 15 true that the first heart sound may be dimimshed in mutral
msufficiency, especially i the presence of first degree heart block, more
commonly, the vibrations of the first heart sound appear normal on the
phonocardiogram, but the sound may be masked by the systolic murmur
In chronic cases, associated with some increased ngidity of the mitral leaf
lets, the first heart sound 1s often accentuated

SECOND HEART SOUND

Mtral insufficiency may result in increased left atrial pressure, increased
pulmonary capillary pressure, and, consequently, i pulmeonary artery hy
pertension As a result, the second heart sound may be shghtly or even
markedly accentuated 3'*‘4' »
MURMUR OF MITRAL INSUFFICIENCY

As previously described (pp 234 235), the r?u/rmur of mitral msufficiency
(Fig 118) 1s heard best at the apical regton, 1t 1s blowing in character, 1s
continuous throughout systole, offen magshs the first sound, transmits well
to the left axilla and left lung base, 1s grade 2 or more m ntensity, and
does not disappear with respiration or changes mn position The murmur
mamresent an 1solated lesion, especially m young women, who tend to
develop 2 true guant left atrium The murmur may be soft i character, 1t
may be harsh and rough, associated with a thrull, or 1t may be high pitched,
almost musical or whisthing, a sound which some people have compared with

various bird calls, such as that of the seagull
240
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Fig 117 (Apex Log ) Atnal fibrillation with marked intraveniricular conduchion delay n
rheumatic heart disease with mitral stenosis Note the QRS complex with & duration of 0I5
sec  the normal intensity first sound (1) not split and with the maximal vibrations 0 I3 sec
after the onset of the © wave the narrow shghtly accentuated second sound (2) the low
intensity cpening snsp {OS) 0 0B sec after the second sound the third sound (3) of low
intensity and low frequency and the diastolic rumble (DM) of low frequency and low intenuity
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Fig 118 lApex Log and linear) Mitral insufficioncy with o loud apical systolic muemur
and midd mitral stenosis as shown by the opaning snap of the mtral valve and the loud
third heart sound Note the first sound (1) of normal infensity the helosystolie murmur (SM}
of medium frequency and moderate intensity the second sound (2] of normal intensity the
oponing snap (OS] corresponding with the vallsy or O pount in the apex cardiogram (that
1s the baginning of the rapid inflow wave) and the foud third sound {3) preceded and
followed by & fow very low intensity vibrahons and occurring at the apex of the rapid

inflow wave (RI}

It 15 well to state here that all apical systolic murmurs are not due to
mutral msufficiency, and conversely, severe mutral msufficiency has been
found at surgical exploration when there was no apical systolic murmur
Apical diastolic murmurs may be heard with mutral insufficiency Left atrial
distention resulting from the mitral reflux, together with the normal left
atrial inflow from the pulmonary vemns, results in an increased distolic
flow across the mitral valve, and a diastolic murmur of relative mtral steno

s1s may be noted
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TMPORTANCE OF DIAGNOSING BMITRAL INSUFFICIENCY

At one time mitral msufnciency was by far the most commonly diagnosed
of all cardiac lesions The diagnosis was based on the presence of an apical
systolic murmur  Examwunation of large numbers of soldiers dunng World
Wat T drew attention to the good health of the majonty of persons with
lesser grades of amical systohc mutmurs, and slowly the pendulum snung
the other way until mitral nsufficiency was regarded by some as being an
extremely tare condition As usual, the truth seems to lie between the tho
extremes, and miteal insufficiency 15 2 fairly common entity 1n any rheumatic
fever hospatal, both 1 the wards for patients with acute rheumatic fever
and 1n the outpatient departments

$ath the increasing snterest 1 the surgical correction of severe mitral
msuffictency, 1t 35 becoming more and more wpartant to be able to assess
with some accuracy the degree of wsufficiency

1n pure mitra) insufficiency, the Jeft atnal enlargement seen on the roent
genogram and the apical systolic murmur heard at auscultapon are com
plementary methods of diagnosis In the presence of mutral stenosis, honever,
the roer logic s1gn of left atnal enlargement 15 of no value 1n assess
ing the degree of mitral msufhciency as the enlargement could well be due
to the mitral Stetiosis alone Hence we are Ielt to evaluate the murmut on sts
own ments

Th:absren»ceo[ a ‘significant * (grade 2 or greater) apical systolic murmur
o not exclude the presence af sUght_or even severe,itral insuffiency
Most chimerans are familiat with cases 1 which 2 dragnosis of mitral stenc
:lns“:ﬂj r:;ade because the only rmurmur present was an apical diastolic mur
susgmngdl‘x’xn:;:;c:;e:ﬂer thvmfwltomy had been performed to correct this
ol e mu::; carefu mseat;h of the precordium did not reveal
e t, even though a marked regurgitant jet had been

Tgery

3n genecal, the apical systohie mucmurs associated with putral msufficiency
S ntensty and durgion, denending gn the degree of msufficiency
T :h f::::u‘;el:imgram the murmur may be plateau shaped, continung
1 et ;1‘ sound to the second heart sound, but more commanly st
P ear;: lowing the first heart sound Occasionally 1t 1s crescendo

e t;u] sary lsystole and continutng to the secand heart sound
gades oi e sero azsume that an apical systoltc blowing murmur whach
base 18 due :]n 1s well conducted to the left axilla and the Teft Jung
asttnstues propaty auﬁczlz[ncxenw, murmurs of grade 2 with similar char
ade 2 rong b se}zﬁ ;g e to mitral insufioency, and murmurs less than
by 2 vanety of other tz\m m:. o ufieiency, but alio may be caused
degrees of ey oy e:rs oth intracardiac and extracardiac Shght
ngdly. how ty may be mssed by using these crit

» however, of tess strict eritena are used, m o 100
, mutral insufficiency may
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often be diagnosed where st does not evist Apical systolic murmurs occupy
ng the latter parts of systole are common n normal persons, and grade 1
or grade 2 murmurs are frequently heard 1n persons with no apparent heart
disease Since munor degrees of mmtral mnsufficiency are tolerated without
obvious difficulty, 1t would appear preferable to underdiagnose rather than
overdiagnose this condition

The prognosts for persons who have a grade 2 or greater apical systolic
murmur during the acute attack of rheumatic fever has been demonstrated
by Bland and lus associates * in a twenty year follow up study of 87 such
patients In 29 (33 per cent) potential rheumatic heart disease was indi
cated, 35 (40 per cent) had mitral msuffictency, 16 (19 per cent) had mtral
nsufficiency combined with mitral stenosis, and 7 (8 per cent) had mutral
stenosis alone Of these 87 patients, 9 (10 per cent) had died

D1AGNOSIS OF MITRAL INSUTFICIENCY IN THE PRESENCE
OF AORTIC STENOSIS

In adults, 1t may be difficult to diagnose mitral insufficiency in the pres
ence of aortic stenosis because the systolic murmur of aortic stenosts may
also be heard well at the cardiac apex_The areas of transmission of an apical
systolic murmur may be very helpful in deciding whether the murmur 1s
mitral or aortic 1n ongin If an apical systolic murmur 1s well heard in the
left axilla and left back and not 1n the a0rtic area, 1t 15 almost always mutral
1 onigin, but 1f 1t 1s well heard at both the aortic area and the apex and not
in_the Teft lung base, 1t 1s much more likely to be due to aortic stenosis In
many cases, the lesions are combined In children, however, the situation
15 not so difficult, as the aortic valve murmur seems to be more “stenotic”
In character, also, congenital aortic stenosis usually 1s an 1solated lesion

In cases of marhed aortic msufficiency, true mutral insufficiency 1s likely
to be present Often there 1s cardiomegaly secondary to left ventricular
dilatation, with resultant stretching of the mitral ring To make the diagnosis
even more confusing under these conditions, either an apcal mid diastolic
or a true Austin Flint presystohc murmur may be present, suggesting mtral
stenosis in addition to the mitral insufficiency

REFERENCE

1 Bland E T and Jones T D Rheumatic fever and rheumatic heart disease A twenty
year report on 1000 patients followed since childhood Circulation 4 836 1951

2 Bland E T Jones T D Whte P D Disappearance of physical signs of rheu
matic heart disease JAMA 107 569 73 1936
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INTRODUCTION

A careful study of the heart sounds and murmurs 1n congemtal heart
disease may be of considerable assistance m d Many c tal
heart defects are accompanied by murmurs so charactenistic that the diag
nosts 15 1immediately obvious, others are sufficiently suggestive to give good
chimcal directives There are certan_general rules worth mentioning, but,
like all generalities, they must not be followed too mgdly Some are as
follows

1 Harsh basal murmurs which are present at birth and which persist almost invanably
origmate from semilunar valve stenosis either pulmonic or aortic

2 Mid diastohc murmurs at the apex or the lower left sternal border usually are asso
ciated with a sizable left to nght shunt less commonly they indicate mutral vahve disease

3 A boomung second sound at the pulmonary area 1s consistent with hypertension of the
pulmonary artery and a second sound of dimmished intensity in this region suggests the
presence of pulmonary stenosis

4 Contimuous murmurs which are heard m the first 24 to 48 hours of hife and then dis
appear may be due to a ductus arteriosus remamng patent for one or two days after birth

5 Continuous murmurs heard in the first few weeks of hfe usually are not due to
patent ductus arteriosus

& Small ventnicular septal defects and mild nfundibular pulmome stenosis frequently
cannot be distinguished from one another by auscultation

7 Systolic murmurs up to grade 2 1 intensity occurring m the lower left sternal border
are common but frequently they are not associated with any sigmficant heart disease

S Blue babies with well split second sounds do not have tetralogy of Fallot

9 Blue babies with mid diastohc rumbles probably do not have of the
great vessels

Under the various abnormalities to be described, the reasons for these
generalities will be discussed 1n some detail

246



18 / Patent Ductus Arteriosus with 2 Differential Diag
nosis of Continuous Murmurs

The typical murmur of patent ductus artersosus 1S cgmg&s_‘_mth a
machinery quality, 1t must be differentiated from to-and fro murmurs and
fram other contiuous murmurs which do not have a machinery quality

Although Gibson ! descrbed the murmur 1 1900, the diagnosis of patent
ductus artetiosts was of hitle more than academc interest until Gross de
selaped a successful operation for its correction in 1939 3 Subsequently,
wide experience has shown that there 1s ttemendous sataton m the ac
companying murmurs and sounds

Strce, under ordwary ¢ es, the p!
that 1n the pul, y artery throughout the cardiaccytle (Fig 119}, blood
flow across a patent Autins AFteriosus 15 coplmupus throughout systole and
dhastole If suffictent turbulence results when this flow encounters the usual
(u;“ ard flow through the pulmonary valve, 3 continuous murmur 1s audible
(Fig 120}

In infants with rapid heart rates, the shortened diastole makes 1t more

m the aorta exceeds
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Fig 120 {2L1S Log} Typical continuous machinery murmur of patent ductus artariasus
The normal first heart sound {1} occurs 007 sec after the onsef of the QRS complex the
socond hoart sound (2} 15 not clearly distinguishable and there is a confinuous systolic
diastolic murmur [SM DM) with the maximal ntensity occurring about the expected fime of
the second sound The murmur 15 of medium fraquency and moderate tensity

difficult to hear diastolic murmurs, and the typical machmery effect may
not be present even though both systolic and diastolic components are audt
ble If there 1s only a small gradient during diastole (Tig 121), there may
be too little flow to cause a murmur, and 1f there 1s a large ductus, with a

Sounds  sm n\z, DM ,1’
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Fig 121 (2 L[S Log} Sysfolic murmur with short early diastolic murmur in & patient age
3 months with patent ductus srtenosus Note the apparently split first heart sound (1) with
a normal rntensity the first component occurs D 05 ssc after the onsst of the QRS complex
and the very loud second component {SC) 009 sec after the onset of the QRS complex
almost certainly reprasents a systolic ejection sound Note also the holosystalic murmur {SM)
of madium frequency and moderate intensity the second sound (2) of verable intensity and
the short early decrescondo diastolic murmur (DM} of medium to high frequency



49
PATENT DUCTUS ARTERIOSUS 2

dameter comparable to that of the aorta and the pulmonary artery, sufts
aent turbulence for the development of a murmur may not occur

AUSCULTA\TION
FRsT HEART SOUND
In patent ductus arteriosus the first heart sound 15 of normal intensity
and 15 not delayed 1t 15 heard best at the apex or the lower left sternal
Border 20d may not be audible at the pulmomic area, where 1t 15 often
masked by the loud continuous murmur In patients who have congestine
failure secondary to the large left to nght shunt, 1t may be dinimished

SECOND HEART SOUND

The second <ound at the pulmonary area 1s often masked by the con
tauous murmur, haweer, auscultation at the left sternal border, just below
the site of maximal ntensity of the murmur, may reveal a clearly audible v
of even an accentuated second sound {Hochsinger's sign), with more of less
sphitting than normal (Fig 122)
-—

AL AT MR
LN
I
|

| ;\ \
i)

EGE

P

Fig 122 12L3S Log) Lo d rough cont o
Pomnentsecs d b rtsey d Netw the § 5y he,
Stcunng DO soe after the
120 nd the hgh

us systol ¢ and d astol ¢ my murs sho
w ga
art sound 11 of law 4o modar.
Yensit
e :g;‘u::‘ th '?de compl  the ext smaly loud saco Z‘:’:;nyd
systolic d astol ¢ contn
™ mum ntensty t wa d the late pa t of sysfole and the uvl:u;.:“::::n(f?l‘ DT vtk
o




250 HEART SOUNDS AND MURMURS

pressure in the pulmonary artery and (2) the obliteration of the continuous
murmur, with 1ts mashing effect on the second sound, 1f pulmonary yvascular
obstruction increascs and the left to night shunt decreases

Serirrine Because of the increased left ventricular output with large
shunts, left ventricular systole may be prolonged, and_aortic valve closure
may approach the time of pulmonic valve closure, or even follow 1t Tesult
mg n paradoxical SpHIting
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Fig 123 {Upper tracing in the pulmanic area lower tracing at the apex) Murmurs of
patont ductus artoriosus associated with pulmonary artery hypertension but still havmgd a
moderate left fo right shunt Note the shghtly accentuated first heart sound (1) the I'
crescendo systolic murmur {SM) the shghtly accentusted second sound (2) and i:: :ar y'
buef decrescando diastolic murmur (DM) In the lower fracing st the apex !w: addr .o.:;
foatures are seen a clear cut third heart sound (3) and in place of the earlyM’t:ruﬁun o
diastolic murmur 1n the upper tracing there 1s a later mid diastolic murmur (D following

the thied sound
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Tump ueart sovnd (Fio 123)

A moderate to Jarge left to-nght shunt through a patent ductus mcreases
the flow through the left side of the heart, and a promunent third <ound
may result from the increased raptd early diastohc flow into the left ventricle

GaLro? SOUNDS

In patients who have congestive heart fattute due to the mcreased worh
load on the left ventricle and left atrium, a protodiastohic or_presy stolic
gallop may be noted Because of the masking €hect of the loud contmuous
murmut, 1t may be 1mpossible to dictingmsh atnal <otnds on atscultation
even though they may be recorded on the phonocardiog! Protodhastol
gallap sounds, being heard best at the apex, are more easily dsstingnshed on
routine auscuftation

. ConTINLOUS MURMURS (F16 124)

The typical continuous machinery murmur encountered 1n patients with
patent ductus arteriosus vases greatly m intenssty, frequency, and quality
The murmur 15 crescendo until the timung of the second heart sound, which
1t frequently obliterates 1t then continues 1n a decrescenda {ashion through
out diastole Sometimes 3t 15 high i frequency and almost musical At other
tumes 1t 15 of lower frequency and comparatively rough, the unevenness of
the systolic murmur 15 particularly charactenstic

“The murmur 35 loudest at the second left mterspace and under the left
clavcle but n some cases, especially in mfants it may be heard best at the
thurd or fourth interspace at the left sternal border, or even at the apex

::ioxflsequently, 1t may be confused with the murmur of \entricular <eptal
efect
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It 15 necessary to explain the accentuation of the murmur late 1n systole
and early 1n diastole, whereas the greatest pressure difference between the
two arterial systems occurs 1 mid systole The most likely explanation 1s
that the murmur results not from flow through the ductus itself, but from
flow out of the relatively narmw‘ammwmmm
The time taken Tor the pulse wave to reach the orifice of the duct and the
added resistance to flow m the duct itself may account for the “shuft to the
night” of the murmur

If exceedingly loud, the murmur may be transmutted well over the entire
upper part of the chest, in the neck, and through to the back Often 1t 13
accompanted by a late systolic early diastohc thrill comaiding with the
maximal intensity of the murmur The great varniability in ductus murmurs
seems to depend on two factors (1) the size of the ductus, and (2) the
degree of the pulmonary vascular resistance (see pp 248, 249)

SMALL SHUNTS WITHOUT PULMONARY VASCULAR OBSTRUCTION Patients
with small ducts have typical continuous machinery murmurs, frequently
with a rather low intensity and a medium to high pitch

1 |3 1 2 |
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Fig 125 (Apex Log) Multiple systolic chcks occurring with patent ductus arteriosus
Noto the variable infensity fairly loud first sound (1] 007 sec after the onset of the QRS
complex the somewhat diamond shaped systolic murmur {SM) with multiple loud systolic
clicks (SC) the accentuated second heart sound (2} and the low frequency diastolic

murmur {DM)

LARGE SHUNTS WITHOUT PULMONARY VASCULAR OBSTRUCTION (F16 125)
The continuous murmur 1n a patient who has a large patent ductus 1s usually
grade 4 or louder and has a strihing machery quality, often with loud
clicking sounds during systole and early diastole It would be possible, but
extremely rare, for such a patient not to have a murmur 1f the ductus were
of sufficient size and anatomically so positioned that no turbulence resulted
This would be similar to the anatomic arrangements encountered mn some
types of true truncus arteriosus

\/  EFFECT OF RESPIRATION ON THE CONTINUOUS MURMUR Resptration may
alte:TE(;ngldeTaBly the systolic or the diastolic components of the continuous
murmur Franck 4 pointed out that the systolic component mav be_accentu
ated by mspiration, since this results i a fall of pulmonary resistance and
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an merea £ flaw across the dectus The diastolic co?\mmnt s sl'rmlar))y
ut less stribungly, afiected Dunng, ey the 7 Y c 15
somewhat increased, and the continuous mMurmur diminishes m nteastty
The eatreme of this contution 15 <hown by the alsaha maneuset duriag
whith the contintious murmur may disappeat completely, and the <econd
heart souad, nhich may have been inaudible previously, may become ob
‘105

CONIIMLOUS MURMURS DUE TO CAUSES OTHER THAM PATENT DUCIUS
\RTERIOSUS Continuous murmauts fast throughout the entite cardiae cycle,
usually they are crescendo decrestendo sn configuration, and they may or
may not have a machinery quahty Cs ly they rep extracardiac
Tessons and anse m collateral vessels or in the great vems {tom communmca
tions between systemic arteries and sems (Fig 126) or systemic and pul
monary artenes or from constnctions in the zorta or pulmonary arteries
(Fig 127)

Y enous hion (F1g 728) One of the most common difierential diagnostic
problems 1o young chuldren who have contiauous murmurs 15 the venous
hum Usually venous hums are londest on the night side of the neck or under
tre nght claicle, but frequently they can be heard equally well on the left
side The murmur 15 usually grade 2 or less 1n ntensity, but occasionally o
© grade 3+ It consists of medium to igh frequency vibrations and 15
thought 1o be due to blood flow through the great veins 1 the neck via the
sugular buth and into the superior vena cava The wtensity of the \enous
hum may be increased by having the patient sit up, turn ot extend the neck,
and 1t may greatly dimimsh or disappear 1f the nech 15 flexed or the patient
hes down Oceasionally, the diastolic component of the hum 1s more proms
tent than the systokic, and aoriic msufficiency may be suspected As a note
of caution 1t should be added that although frequently a venous hum s
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Fig 127 (Upper tracing 3 L1S Log) Phonocardiogram and cardiac cathsterization
pressure fracings in & patient with an atrial septal defect and partial anomalous pulmonary
venous drainage This patient had a physiologic constriction in the left main pulmonary
arfery Repeated passage of the cafhefer from the main pulmonary artery into the feft main
pulmonary artery showed a considerable drop in pressure on sach occasion On the pressurs
tracing & gradient from 80/50 mm of mercury to 25/10 mm of meecury persists across the
constriction throughout both systole and diastole allowing flow to conhnue throughout the
cardiac cycle The first sound (1) 15 of narmal intensity and occurs 0 07 sec after the onset
of the QRS complex The second sound 1s not 1dentifiable Note fhe confinuous sysfolic mur
mur {SM) and diastolic murmur (DM) of medium frequency and moderats intensity This
murmur 15 fairly constant 1 configuration from cycle to cycle and the superadded high
frequency components are due to breath sounds as labeled

1 F 1 2 )Y F
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Fig 128 (2 RIS Log) Venous hum showing the continuous systolic and diastalic phase
of the murmur This murmur could be obliterated by having the child lis flat or by ebstructing
venous return from the great vens in the neck This type of murmur can be defected in the
majority of infants and children if they are examined in a sithing position Note the normal
fiest (1) and second (2) sounds and the continuous systolic diastolic phases of the murmur
which 1s louder in systole than in diastole

present n asymptomic children who have normal electrocardiograms, normal
% rays, clear heart sounds, and no other murmurs, 1t may be heard especially
well 1n certain anomalies of venous return, such as complete transposition

of the pulmonary veins
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Shunt operations (F1g 129) The Blaloch oF Potts shux;: opc‘;:‘l:::; :l(r)ct
erformed to mncrease pulmanary blood flow 1n lestons such as o o
l;‘allot or tricuspid atresia Successful surgery res:l}; l:n :2“0‘2:‘1:‘:];“05(!3] s
“ 1a] ductus arterosus ¢
;:Jgru::ﬁ :\t:dties\za;:?cthe shunt and 15 loudest exther to the nght or the
left of the upper part of the sternum, depending on which ;nde the :fc(;]:;t:zx}
was performed The patura} Mstory of these raurmurs is the sam‘c of
the murmurs of patent ductus arteriosus, and they show a simlar ¥espo -
to respiration In addition to the contmuous murmurs, large shunts x;a\ z
accompanted by apical drastolic murmuss due to the increased flow througl
the miral valve

Fig 129 (2L1S Log} Contauous mu mu o er the left upper part of the chat folfow
ng & shunt operat on fo # cusp d atresia Note the normat imtensity first sound 11) ocey ning
010 sec after fhe onset of the QRS complax of the electcocard ggram the moderste intams ty
second sound 12} dffcult Yo duste g sh fom th m mur and the cont nvous murmur
ofmed m{ que cywth a hgh ntensity systo) c component {SMY and » moderate ) tenuity
d astel ¢ component LDM) This murmar inceeases in intens ty as fa as the seco d 50 nd and
th nco taues  a dec esce do manner throughout diastole

Collateral vessels 1 severe encugh lesions causing obstruction to the
normal blood flow to the lungs result in the development of collateral
broncinal arteries, giving nise to continuous murmurs Usually these mur
murs are of low intensnty, they may be heard over the front and the back
of the chest and 1n the axillas Because of ther low ntensity, careful histen
g while the patient s breath 1s held 1n moderate wnspiration or expiration,
may be necessary for their detection Bronchial collaterals may be seen 1n
patients with severe tetralogy of Fallot, pulmonary atresia, and, occastonally
even with tricuspid atresta They do not oceur m pute pulmonic stenosis
with intact ventncular septum Coarctation of the aorta may be accompansed
by extensne collaterals to the parts of the body below the level of the

coarctation These collaterals may grsé rise to contipuous murmurs over the
intercostal arteries  occ dly 2 murmur md shabl

fr
patent ductus arteriosus may be heard over the internal mamm‘;\Tyt:::e(:xre:
Constricion of large arterees Coarctation of the 20tta or stenoss of
one of the main branches of the pulmanary artery ™ay give rise to a con
tnuous murmur The cause of this murmur 15 the presence of a pres: .
gradient across the constrcted area throughout both systole and [:llns::\rce
s
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ging rise to a continuous flow throughout the entire cardiac cycle If suffi
cient turbulence results, a continuous murmur may be heard
Arteriovenous fistulas (Figs 130 and 131) Arteniovenous fistulas, whether
congenital or acquired, give nise to essentially simlar murmurs, namely, a
continuous murmur with a crescendo decrescendo configuraton, the intensity
of which vanes with the size of the shunt through the fistula Often there 15
an accompanying thrill The diagnosis can be made easily 1f the fistula 1s
at a penipheral part of the circulation, particularly when the artenal supply
to the fistula 1s compressible and the murmur may be obhterated by simple
digital pressure If the fistula 1s 1n the chest, especially between a coronary
artery and a vemn, or 1n the left upper lung, the murmur may be indistin
gwishable from that of patent ductus arterrosus Any arteriovenous fistula
with a large shunt and a large cardiac output may bring mto prominence
cardiac lesions which otherwise are not sigmficant For 1nstance, one of our
patients had a grade 4 pulmonic systolic murmur and a continuous murmur
over the right hidney On removal of an arteriovenous fistula between the
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Fig 130 (Log) Continuous murmur and thall accompanying a circoid aneurysm which
wat cloarly visible on the forehead Firm pressure over the srtery leading info the aneurysm

ted the murmur and thrll completely Note the continucus murmur (SM DM) of

oblitera diately after the

f Imost
medium bigh freq and moderate infennity o
roloase of digital pressure over the artery leading into the aneurysm and disappearing a3

pressure was re apphied
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Fig 131 (LLSB Log) Cont ruous murmar 1n a pat ant w th an arferiovenous ansurysm
# ol ng the laft co onary srtery The lesion was confi med by o ploratary thoracotomy in on
18y ar old boy who was i ¢ callent health The Frst (1) second 2) and third (3) heort
304 ds are slmost completely an alaped 1n the murmu s Note the systol ¢ murmur {SM) of
hh f equency and b ghunte sty and the intense m d um fraquency d attolic murmer (DM)
last g th oughout d astole and end ng w th a prasystolic crascendo (PSM)

night renal artery and vem, the grade 4 pulmonic systolic murmur was re
duced to grade 1, and the electrocardiogram, which had shown prominent P
Waves prior to operation, returned to normal Apparently this patient had
subchnical pulmomic stenosis which was made evident by the increased

cardiac output through the pulmonic valve
Truncus arteriosus (Fig 132) Ths anomaly consists of a common
artenal trunk associated with a defect m, ot rarely with complete ab ence
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* low Intens ty



256 HEART SOUNDS AND MURMURS

gwing rise to a continuous flow throughout the entire cardiac cycle If suffi
cient turbulence results, a continuous murmur may be heard
Artertovenous fistulas (Figs 130 and 131) Arteniovenous fistulas, whether
congemtal or acquired, give nise to essentially simlar murmurs, namely, a
continuous murmur with a crescendo decrescendo configuraton, the intensity
of which vares with the size of the shunt through the fistula Often there 15
an accompanying thnil The diagnosis can be made easily tf the fistula 15
at a penipheral part of the circulation, particularly when the arterial supply
to the fistula 1s compressible and the murmur may be obhterated by simple
digital pressure If the fistula 1s 1n the chest, especially between a coronary
artery and a vein, or 1n the left upper lung, the murmur may be indistin
guishable from that of patent ductus arteriosus Any arteriovenous fistula
with a large shunt and a large cardiac output may bring mto prommence
cardiac lesions which otherwise are not significant For 1nstance, one of our
patients had a grade 4 pulmonic systolic murmur and a continuous murmur
over the right Lidney On removal of an arteriovenous fistula between the
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Fig 130 (Log} Conhnuous murmur and thrll accompanying a circoid aneurysm which
was clearly visible on the forehead Fiem pressure over the arlery leading «nfo the aneurysm
obliterated the murmur and thnll completely Note the continuous murmur {SM DM} :f
modiam high frequency and moderate intenuty commencing almost immediately after the
reloase of digital pressurs over the artery leading Into the aneurysm and disappearing as

pressure was re applied
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Fg 131 (LLSB Log) Cont nubss murmur T a pat ent with an erleca enovs aneurysm
1n thing ha laft coronary artery The les an was tonfimed by a ploratory fhorecotomy in en
18yan old by who w 3 in o collent health The Trs¥ 113 awcond 421 and third {33 heart
sounds amn almast compl tely en sloped in the mureure Note the systol ¢ murmur 1SM? of
hgh £ oq ancy and h gh nfenaty and the intante med um fraquency d estol ¢ murmur (DM}
last ng throughout & astole and ending w th & prasystolic crascendo (PSM)

nght remal artery and \em, the grade 4 pulmonic systolic murmur was re
duced to grade 1, and the efectrocardiogram, which had shown prominent P
Wwaves prior to operation, Teturned to narmal Apparently this patient had
subchmeal pulmonic stenoms which was made evident by the increased
cardiac autput through the pulmonic valie

Truncus grterwosus (Frg 132) This anomaly consists of a common
arterial teunk assoctated with a defect an, or rarely with complete absence
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2 month old baby

5 ) Cont nwous mu mar of low e 1ty and med um fo high frequancy
Fest 1o nd L1y 009 &,

w th true fruncus artanasus pro od at surgery Note tha fow intonsity
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of, the ventricular septum The first sound 1s normal or shghtly 1ccentuated
Frequently, the second sound 15 loud, and, occasionally, 1t 1s markedly ac
centuated It would be espected that the second sound would be s le, but
for reasons which are not clear, this 1s not always the case

Continuous murmurs, which may be accompanied by = thrill, are present
1f the patient has a good pulmonary flow and, thus, hittle :f any cyanosis
The continuous murmur 15 smular to that of a patent ductus arteriosus It
may be loudest to the left or the right of the sternum, and the mntensity
varies with respiration Apical mid diastolic or presystolic murmurs may be
present also

Rupturcd smus of Valsalva (Fig 133) Rupture of the smus of Valsalva
may occur nto the left ventricle, the right ventncle, the nght atrium, or,
very rarely, even into the left atrium If rupture occurs into the left ventricle,
a loud murmur of vortic msuffictency results, whereas, 1f rupture occurs
mto the nght ventricle or nght atrium, a loud continuous machimery mur
mur results The configuration of this murmur 1s 1dentical with that of the
murmur of a large patent ductus arteriosus It 15 heard best about the
middle of the left sternal border, 1s usually grade S to 6 in itensity, and
may be accompamed by a thnll An apical nud diastolic rumble secondary
to the increased flow through the nutral valve may be noted also

Medial necrosis of the aorta Cystic degeneration of the media of the
aorta may be accompamed by the formation of a dissecting ancurysm with
considerable dilatation of the ascending aorta and the aortic valve ning
This may result in marked aortic msufficiency, with aortic systolic and
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Fig 132 (Recorded at 3 LIS Log with the volume control on the phonocardiogram
turned down to an amplitude of two instead of the usual six on this machine because of the
intensnity of the murmur) C murmur with tuation st the expected time of the
second sound 1n a 28 yesr old patient with a ruptured sinus of Valsalva Note the extremely
low intensity first sound 11) dus to the voluma control being turned down and the systolic
(SM) and diastolic {DM) components of the murmur The second sound cannot be identifed

Clinically this murmur was grade &
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drastolic murmurs which ate actually to and fro rather than continuous,
but the dfferentiation may be difficult Ths leston should be suspected 1n
any patient who has Marfan's syndrome with a to and fro or a continuous
murmur over the aortic area

Fig 138 (2R1S Log? Ato and fro mu mur 15 a pat ent w th o leff 10 right shun? ihrough
« venterculae septal defect and a0 hie requrg fation dus fo o defect ve cutp of the aortc
vl Note the poorly sdent Fed £ st (1) and second (2] sou ds the d amond thaped
systohe muemur {SM} of medum frequency and moderate to b gh Tntennty and the de
crascend dastolcm mur (DM) of medium frequency and moderate intans ty

Rupture of an gortic ancurysm mto the pubmonary artery (Fig 133)
Thus condition recembles rupture of a sinus of Valsalva, but usually occurs
1n patients 1n the older age groups The sudden onset of a continuous mur
mur 1n a patient who has a thoracic aortic aneurysm or & history of lues
may suggest the diagnosis

Resprratory artefact (Fig 135} Resparatory artefact, especrally m chil
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dren with rapid respirations, may simulate a continuous murmur on the
phonocardiogram In this respect the phonocardiogram 15 mferior to human
hearing 1n the interpretation of murmurs Whereas the machine records
faithfully all sounds which are produced, the human hearing mechanism, by
virture of experience, 1s able to reject all extraneous sounds

APICAL DIASTOLIC MURMURS (F16s 136 anp 137)

With moderate or large shunts through a patent ductus arteriosus, there
1s increased flow through the mutral valve As a result an apical diastolic
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Fig 136 (Apex Log ) Mid diastolic and presystolic murmurs in patient with patent ductus
arteriosus Note the high intensity first sound (1) 0 08 sec after the onset of the O wave the
holosystolic murmur (SM) of medium frequency and moderate Intensity and varying between
crescendo decrescondo and plateau shaped the well split (003 to 0 04 sec ) second sound
{2) of moderate intensity the narrow sound (OS) of high frequency and high intensity
prasumably an opening snap 006 sec after the termmnation of the second sound and the
late diastolic presystolic murmur (PSM} of medium frequency and fairly high intennity with
out presystolic crescendo
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Fig 137 (Apex log) Apical third sound and mid diastolic murmur 1n patent ductus
arteriosus Note the normal first sound (1) 005 sec after the onset of the QRS complex
the holosystolic late crescendo systolic murmur (SM) of moderate intensity and medium
frequency the normal second sound {2) the law intensity third sound (3} and the mid
diastolic murmur (DM} of low frequency and low intensity
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murmur of low to medim frequency, and of Tow fo moderate intensity ust
ally can be heard The murmur oceurs m mid-diastole, starting at the ime
of the tiurd heart sound and frequently continwag wto presystole

“Thes murmar 15 Joudest with lovge left to ught shuats and 15 less Joud or
absent shen fhe shunt 15 smaller, exther because of a small ductus or because
of pulmonary vascular obstruction

Basal plasToLic MURMURS (Fic 138)

A diastolic murmur alone 3 never a sign of patent ductus artenosus
Vurmurs of aortic or pulmonan msuffiuency alnays indicate additional
fesons such as aortic valve anomalies, pulmonary \ascular obstruchion or,
perhaps a greatly dilated pulmonary artery with pulmonary valie nsufft
ctency In patients who haye severe pulmonary vascular ebstrucuon and an
accentuated pulmonic second sound but do not have a murmur when resing
1t 15 possible that the murmur of pulmonary wsufficiency may develop with
evereise This wowld be an exceptional situation and would i no way sug
gest the speanie diagnosss of patent ductus arieniosus
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Xn‘ Some pattents with patent ductus acteriosus a stenatic systolic Tarmuy
gy be‘ heard at the <econd Teft or second right interspace whick ey be
transmutted well 4o {he seck and back Usually these patents have trye or
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Fig 139 (2115 Log) Second sound varying in intensity from cycle fo cyclo in a patient

with patent ductus arteriosus The first cycle shows a crescendo descrescendo systolic murmur

(SM) with an obvious second sound (2) and & plateau shaped high frequency disstolic
murmur (DM} The second cycle shows a similarly shaped systolte and diastohe murmur (SM}
and (DM) but no clear cut second sound Note the normal intensity first sound (1) 007 sec
after the onset of the QRS complex the diamond shaped systolic murmur (SM) of medium
frequency and moderate to high intensity with a d of pul stenosis
the vaneble intensity second sound (2) and the plateau shaped high frequency diastolie
murmuar {DM)

ganic pulmonic or aortic stenosis 1n add:tion to the patent ductus arteriosus
True organic pulmonic stenosis should be suspected i those patients who
have a history of maternal rubella during the first trimester of pregnancy

EFFECTS OF PULMONARY VASCULAR OBSTRUCTION ON THE SOUNDS AND

MURMURS OF PATENT DUCTUS ARTERIOsUs (Fres 140, 141, anp 142)
Pulmonary vascular obstruction 1s sometimes encountered 1 patients

who have patent ductus arteriosus If 1t 1s progressive, 1t can cause marhed

sonts | )

Fig 140 (Apex Log } Presystohic murmur (PSM) and an accentusted second sound (2}
occuring tn a patient who had pulmonary vascular obstruchon with a reversed shumt
through a patent ductus arteriosus Note the loud first heart sound (1} with the maximum
vibrations 0 09 sec after the onset of the QRS complex the decrescendo systolic murmur
(SM) of medium frequency and moderate intensity the loud second heart sound (2) not
obviously split the low frequency low intensity diastolic vibrations (DM and the short
crescendo presystalic murmue (PSM)} commencing 008 sec after the beginning of the P

wave of the electrocardiogram
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h
Fig 141 12115 teg) Creseand ¢ sytol ¢ muem ¢ 0 patent ductus ar:ndulaw[: »’v!"n
mallql Taft fo r ght shu t system c pressures in the pu!mn:tl(‘f -m:, l.l‘;dom;u :.: ."m o
o
scular res stance Note the fow ste ity £ st sou "
: "Tfl'c'h.b‘w « the systol c murmur {SM} comme eing 808 tec after the r)m ,'.: :
ndc escend ¢ up to the seco d sau & and the normal intens by second sou d (21 splt by
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Fig 142 (2115 Log) Normal f st sound and sl ght accentust on of the pulmen c second
s und wth ub 5 gn Ficant me murs 1n a pabent who had patent ductus art 1otz with severe
£ Im nary 1t ry hypartension Ths reco d taken at th o d teft interspace is remarkable
i th ¥ Yisalmost 1 ely normal 1} was the sVght acce Yuation of the second sound wth o
m o deg ee of abnormal rght ¢t cular hypertrophy wh¢h Jed vs Yo In eshgate The
cath ter p ss d freely th ough a ls ge pat  # ductus The pat ent succumbad thea deye afte

oper ton Note th low ntensty Frat heaet sound (11 the min mal systol ¢ murmu (SM}
» 3 the 3t ghily accent + 4 second sound 12}

i
T

changes 1n the tvpical contingous murmur and m the intensity of the second
heart sound A the pulmonary vascular resistance increases, the pulmonary
artery pressure nses, and the gradient from 2orta to pulmonary artery across
the ductus dinumshes The final result of thts 15 equal aortic and pulmonary
artery pressures with a mimmal left to night or night to left shunt and no
signihicant murmur Various stages 1n the deselopment of pulmonary vascu
Jar obstruction may cause the following alterations 1n auscultatory phe
namena 1 The diastohe component of the continuous murmur may lessen
and finally disappear as the pulmonary dastolic pressure nises and dimn
1shes the distolic gradient across the ductus 2 The pulmonary second
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sound ncreases 1n intensity as the pressure causing pulmonary valve closure
nses 3 The apical diastolic murmur disappears as the left to nght shunt
dimirushes and the flow through the left side of the heart and across the
mutral valve decreases 4 Finally, as the systohc pressure in the pulmonary
artery reaches that in the aorta, the systolic gradient across the ductus
duninsshes, and the systolic murmur also disappears

LFrECT OF SURGLRY ON THE MURMURS OF PATENT
DUCTUS ARTERIOSUS

Successful repair of a patent ductus arteriosus results in complete dis
appearance of the continuous murmur and the apical diastolic murmur

A grade 1 or grade 2 systolic murmur over the pulmonic or aortic area
may persist for 1 few days or weeks after operation An apical sy stolic mur
mur representing functional mitral regurgitation may persist for a year or
more But, assumung that no other lesion 15 present, this 1s one nstance
where successful surgery should be followed eventually by a return to per
fectly normal cardiovascular sounds and murmurs
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Yentncular septal defects vary considerably 1n size, as 3 result, there 1s
considerable vanation 1 the associated left to nght shunt and the accom
panying murmurs

1t 15 well known that loud systohc murmurs ate often as<ociated with
<mall ventncular defects of minor phystologic importance while the larger,

more serious defects may be associated with less promunent systolic mur
mars

SAALL LEFT 10 RIGHT sHUNTS (Flcs 143 anp 144)

HEART SOUNDS AND MURMURS ‘The first heast sound 15 normal sn splt
ting and mtensity and 1s heard best at the apex ot lower left sternal border

The second sound 15 moderately split and 15 normal to 1+ n :ntensity
Usually a third sound 1s heard at the apex

The sy stolic murmur s the strihing feature of the examination It 15 loud
grade 3 to 5 or even 6, 1 ntensity, and, almost without exception st 15
accompansed by a thnfl The murmur 1s heard best at the mid or lower left
sternal border and 1s transmutted moderately well 1n a radial manner
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Fig 144 (LLSB Log) Holosystolic decrescendo systolic murmur with a shott presystolic
murmur in & patient with a ventricular septal defect Note the first sound (1} of normal
infensity 006 fo 007 sec after the onset of the Q wave the decrescendo systolic murmur
(SM) of high froquency and moderate intensity continuing throughout almost all of systols
the narrow moderats intensity second sound (2} and the presystohc murmur (PSM) of low
intonsity snd medium frequency without prasysto! d

Phonocardiograms reveal the murmur to be plateau shaped, continuing
from the first sound through to the second Occastonally 1t may be decre
scendo or may show a dinmond configuration due to blood being shunted at
high pressure through a small onfice

It may be extremely difficult and sometunes quite mmposable to differen
tiate this murmur from that of infundibular pulmonic stenosis, The murmur
my be harsh 1 both mstances, and, although murmurs of pulmonic stenosis
are transmutted better to the neck, a loud murmur from a ventricular defect
may also be heard in the neck Since the left to right shunt 1s relatively small
n this type of defect, a mid diastolic apical murmur usually 1s not present

MODERATE TO LARGE LLFT-TO RIGHT SHUNTS
(Fics 145, 146, 147, ANp 148)

HFART SOUNDS AND MURMURS The first sound 1s usually normal or 1+
and 1s Joudest at the apex or lower left sternal border The second sound 1s
moderately well split at the pulmonic area 1nd pulmonary closure may be
accentuated A third_sound 1s heard clearly at the apex A holosy stolic
platenu shaped grade 3 to 4 murmur, together with a thrll 1s present at
the lower or mud left sternal border, i addition, there 1s 1 grade 2 to 3
apical diastolic rumble following the third heart sound The diastolic mur
mur 15 low to medm pitched and often continues nto presystole, rarely
with presystohc crescendo 1t 1s probably caused by the greatly increased
diastolic flow through the mutral valve

DIITERENTIAL DIAGNOSIS A ventricular septal defect with 1 Inrge left to
right shunt may be confused with a large patent ductus, espectally when 1
moderate degree of pulmonary vascular obstruction 1s present The murmurs
may be identical and in 2 Inrge patent ductus 1 systolic thrll 1y sometimes
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plateau type of systel e mumu (SM} of hgh 1 ¢ sty and hgh freque cy occupy ng all of
systole  d the na rowly splt (802 sec) s cond sound {2} of normal sntens ty

Lowe tac g (Ape Log) Note th ace nt ated © st vo nd L1) D07 sec after the o ot
of the Q wave h o cloarly d stingu shabl € m the systol e mu mur the holosystel ¢ murmur
{SM} of hgh f qu cy and m derate int nsty the narrowly spl t secand taund (2} of
o msl atensty and the p asystolc murmue {PSM}

fhgh nte sty ond med um to hgh
faqa y

felt over the lower antenior part of the chest Tt is best to realize that ocea
stonally at 15 impossible to distinguish a Targe left ta night shunt through n

ventnicular septal defect from a Jarge shunt through a patent ductus artero
sus by xray by electrocardiograms, or by

y chimeal exammation This 1s
espectally true m very young patients,
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Fig 147 (Apex Log ) Apical mid diastolic mutmur in a patient with a moderate sized
ventricular septal defect Note the normal intensity first sound (1) with the major component
010 sec after the Q wave of the elect diog the holosystolic murmur (SM) of
medium frequency and moderate intensity the normal intsnsity second sound (2) the mid
diastolic murmur (DM} of law frequency and mederate intensity and the first degree heart
block The PR interval equals 0 18 sec with a rate of 125 beats per minute
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Fig 148 (Apax Log) Very loud systolic murmur with a presystohc crescondo murmur in
an infant with ventricular septal defect wath a large left 1o nght shunt and congeshve failure
Note the normal first sound (1) 0 0B sec after the onset of the QRS complex the diamond
shaped systolic murmur {SM) of medium frequency and high intensity the normal second
sound (2) and the modarate intensity crescendo presystolic murmur (PSM)

VENTRICULAR SEPTAL DEFECT WITH PULMONIC STLNOSIS

In some children with ventricular defects and left to right shunts sigmfi
cant valvular or mfundibular pulmonic stenosis develops, this may occur
at any age, ranging from a few months to the early teens If the degree of
the pulmonic stenosis increases sufficiently, 1t may become the domunant
leston, and, on exercise, the shunt may reverse, becoming right to left, with
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the development of cyanosis Hence, the patient may change from having
a ventricular septal defect with a left to nght shuat, tncreased pulmonary
flow, and mild pulmenary stenosis to having true tetralogy of Taflot with a
nght ta Jeft shunt and dimiished pulmonary flon  Under these arcum
stances certatn changes octur 1 the typical heart sounds and murmurs of
sentncular septal defect

The pulmonic second <ound becomes dinumshed As the left to nght shunt
lessens, the apical diastolie rumble disappears With the desclopment of
valyular or infundibular stenosis, a stenotic systalic murmur can be heard
at the second third, or fourth left interspace, 1his 15 conducted well to the
nech and back. When the pul stenosts 15 nfundibular there may be
little apparent change mn the systolic murrmur 1t the lower left sternal border

VENTRICULAR SEPTAL DEFECT WITH PULMONARY VASCULIR OBSTRUCTION
(Fics 149, 150 a~p 151)

Increased pulmonary vascular resistance may be present with a ventnicu
Yar defect, resulting m pulmonary artery hvpertension Becauce of the 1n
creased pressure 1n the pulmonary awcwt, the pulmomc <econd <ound
becomes loud Because of the small left to nght shunt in these patients, an
apical diastolic yumble may not be present This 1s Fisenmenger’s sy ndrome,
that 15 a ventnicular septal defect with pulmonan \ascular obstructian
and, finally reversal of the shunt, with the development of so called

cyanose tardwe ?

Fully develaped <evere pulmonary vascular obstruction may be accom
panted by severe pulmonic regurgitation with the dommant murmur beng
2 loud decrescendo insufniciency blos following an accentuated pulmonic
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Fig 150 (2 L1S Log) Pulmonary msuff'clancy murmur with presystolic crescendo n a
patient with ventricular septal defect and y vasculsr obst (E

syndrome) Nots the normal first sound (1) This sound 15 labeled at shghtly different hm-
wtervals in refafion fo fho QRS complex in each cycle emphasizng the difficulty in being
certain just which group of vibrations constitutes the first sound Note also the insignificant
systolic murmur (SM) the accentuated sscond sound {2) and the diastolic murmur {DM) of
high frequency and high intensity which 1s decrescendo following the second sound and then
terminates in a presystolic crescendo (PSM)
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Fig 151 (2L1S Log) Early systolic ejection sound and accentuated pulmonary second
sound but no significant murmurs (n patient with ventricular septal defect and puimonary
vascular obstruchion Note the first sound (1) of moderate ta low intensity 008 sec affer
tho onset of the Q wave the sarly systolic click (SC) 012 sec after the onset of the §
wave and of shightly greater intensity than the first sound the vibrations occupying the sarly
part of systola (SM) which are of low intensity and medium fo high frequency and the
narrow high intensity second sound {2)

second sound Occasionally this murmur may termunate i a presystolic
crescendo comparable with the Austin Flint presystohc murmur of aortic
regurgitation The exact cause of this presystolic accentuation 1s not certarn

VENTRICULAR SCPTAL DEFECT WITH AORTIC REGURGITATION
(Fics 152, 153, anD 154)

This condition 1s important in that it may be mistaken for a patent
ductus arteriosus It consists of a defect 1n the membranous ventricular
septum associated with a defective or distorted aortic valve cusp
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FIRST AND SECOND HEART $OUNDs The first heart sound 1s moderately ac
centuated because of the hyperactive left ventricle The pulmonic second
sound, which actually may be accentuated, neverthcless may be audible
because of the mashing effect of the loud murmurs Aortic valve closure 1s
dimimished as a consequence of the aortic mnsufficiency

Murmurs The associated murmurs often are extremely loud and discoy
ered early m life They are systolic and diastolic n timing and are audible
over the entire precordium,, loudest along the left sternal border Although
truly to and fro 1n character, they may sound continuous The systolic mur
mur 15 heard best at the mid or lower left sternal border, and the diastohc
murmur around the third left interspace The systoltc murmur may be grade
5 to &, and the diastohc murmur grade 2 to 5 At the upper sternal border
the two murmurs may sound continuous The great mtensity of both
murmurs :n some cases allows them to be heard clearly over the entire pre
cordium, neck, and bach Because of the increased output through the aortic
valve with each systole, the systolic murmur over the aortic area may sound
stenotic and may appear diamond shaped on the phonocardiogram An ap
cal, mid diastolic rumble, secondary to the large left to night shunt, 15 usu
ally present

SINGLE VENTRICLE

Patients with a single ventricle have their congemtal heart disease diag
nosed soon after birth They constitute a complex group Other congemtal
cardiac anomalies, including transposttion of the great vessels, often with
pulmonic stenosis or atresia, may be encountered, while lesions of the atrio
ventricular valves, especially mtral atresia, mitral wsufficiency, tricuspid
atresia, or tricuspid stenosis, are common

FIRST AND SECOND HEART soUNDs The first heart sound 1s of normal n
tensity or 1s shightly accentuated, 1t 1s loudest at the lower left sternal border

The second sound 15 sariable It 1s single n pittents who have associated
aortic atresia or pulmonary atresia It 1s spht 1n patients with normal out
flow tracts, and pulmonary closure 1s accentuated 1f pulmonary hy pertension
15 present Because of the frequent accompamment of some degree of trans
position, 1t 1s not safe to assume that the second sound at the pulmonary
area represents pulmonic valve closure and that the second sound at the
aortic area represents aortic valve closure

MuraURs Systolic murmurs at the lower leit sternal border are common
Both mid diastolic and presystohic murmurs occur frequently in patients
who have intact atrioventnicular valves and increased pulmonary flow In
2 of our patients, loud mid drastolic murmurs were noted at the lower right
sternal border

In the presence of stenosis of one of the semilunar valves, a stenotic mur
mur may be encountered, but not necessanly at the expected site
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\anations from normal 1n the heart sounds and murmurs of patients
with atnal septal defect are dependent on several factors The most wm
portant of these are (1) the size and position of the defect (for example,
whether secundum or pnmumy}, (2) the volume of shunt through the defect,
and (3) the presence of associated lestons, such as pulmome stenosts, pul
monary vascular obstruction, or mitral valve disease

e shall first discuss the foramen secundum atnal septal defect and
{ater the less common foramen primum lesion

FORAMEN SECEEEU’\! ATRIAL DFFECT (TIGS 155 AND 156)

AUSCULTATION
YFmsT nEarT sounD The fist sound 15 not remarhable wn_mtensity,
but 1t may be moderately well spht v

EARLY s1§ToLIc cLICk In patients with a dilated main pulmonary artery,
and particylarly 1n these with pulmonary artery hypertension, an early sys
tolic e)ection sound may be clearly audible

SECOND HEART s0UND Usually, in normal children the second heart sound
1 the pulmomic area 15 split, but the interval between aortic and pulmonic
closure does not esceed 003 sec dunng expiration and 005 sec dunng
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FIRST AND SECOND HEART SoUNDS The first heart sound 1s moderately ac
centuated because of the hyperactive left ventricle The pulmome second
sound, which actually may be accentuated, nevertheless my be niudible
because of the masking effect of the loud murmurs Aorttc valve closure 15
diminished as a consequence of the aortic msufficiency

Murmurs The associated murmurs often are extremely loud and discov
ered eatly in Iife They are systolic and dastohc m timing and are audible
over the entire precordium,, loudest along the left sternal border Although
truly to and fro 1n character, they may sound continuous The systolic mur
mur 1s heard best at the mid or lower left sternal border, and the diastolic
murmur around the third left interspace The systolic murmur may be grade
5 to 6, and the diastohc murmur grade 2 to 5 At the upper sternal border
the two murmurs may sound continuous The great intensity of both
murmurs in some cases allows them to be heard clearly over the entire pre
cordiim, nech, and back Because of the increased output through the aortic
valve with each systole, the systolic murmur over the aortic area may sound
stenotic and may appear diamond shaped on the phonocardiogram An ap
cal, miud drastolic rumble, secondary to the large left to right shunt, 1s usu
ally present

SINGLE VENTRICLE

Datients with a single ventricle have their congemital heart disease diag
nosed soon after birth They constitute a complex group Other congemital
cardiac anomaltes, including transposition of the great vessels, often with
pulmonic stenosis or atresit, may be encountered, while lesions of the atro
ventricular valves, especially mtral atres:a, mutral insufticrency, tricuspid
atresia, or tricusprd stenosis, are common

FIRST AND SECOND HEART 5o0UNDS The first heart sound 15 of normal in
tensity or 1s slightly accentuated, 1t 1s loudest at the lower left sternal border

The second sound 15 vanable It 1s single 1n patients who have associated
aortic atresta or pulmonary atresia It 1s split n patients with normal out
flow tracts, and pulmonary closure 1s accentuated 1f pulmonary hypertension
1s present Because of the frequent accompaniment of some degree of trans
position, 1t 15 not safe to assume that the second sound at the pulmonary
area represents pulmomic valve closure and that the second sound at the
aortic area represents aortic valve closure

Mursurs Systolic murmurs at the lower left sternal border are common
Both mud diastolic and presystolic murmurs occur frequently n patients
who have intact atrioventricular valves and increased pulmonary flow In
2 of our patients, loud md diastolic murmurs were noted at the lower right
sternal border

In the presence of stenosis of one of the semulunar valves, a stenotic mur
mur may be encountered, but not necessanly at the expected site
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\anations from normal in the heart sounds and murmurs of patients
with atnal septal defect are dependent on several factors The most 1m
portant of these are (1) the size and position of the defect (for cxample
whether secundum or primum), (2) the volume of shunt through the defect,
and (3) the presence of associated lesions, such as pulmonic stenosts pul
monary vascular obstruction, or mitral salve disease

We shall first di cuss the foramen secundum atrial septal defect and
later the less common foramen pnimum leston

FORAMEN SECUNDUM ATRIAL DEFECT (FIGS 155 AND 156)
AUsCULTATION
YI'msT neart sounp The first sound 15 not remarkable m intensity,
but 1t may be moderately well sphit v

EARLY $3$TOLIC cLich In patients with a dilated mun pulmonary artery

and particularly 1n those with pulmonary artery hypertension an eirly sys
tolic ejection sound may be clearly audible

SECONDMEART S0UND Usually 1n normal children, the second heart <ound
m the pulmonie area 15 split but the interval between aortic and pulmonic
closure does not exceed 003 <ec duning expiration and 005 sec dunng
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Fig 156 (Apex log and jugular venous pulte} Jugular venous pulse tracing in & pahient
with an striel septsl defect demonstrating the prominent @ waves followed by a sudden
drop before the ¢ wave Note the normal first sound (1) of moderate intensity split by 002
sec  the systolic murmur (SM) of low intensity and medium frequency the moderately ac
centusted second sound (2) and the prominent & wave of the jugular venous pulsa followed
by & deep negative wave preceding the ¢ wave

mspiration In patients with atrial septal defect, the sphitting of the second
sound 1n the pulmomic area 1s unusually wide and does not vary sigmificantly
with respiration The relation of aortic closute to electrical systole remamns
constant, thus, the wide splitting of the second sound 1s due to delay 1n the
pulmonic valve closure The intensity of the two components of the spht 1s
usunlly apprauimately equal, but the pulmonic component may be 1ccentu
ated 1f pulmonary hypertension 1s present Wide sphitting of the pulmonic
second sound 1s often the first chinical indication of the presence of an atnal
defect, and 1t seems all the mare stﬁﬁﬂg 1s the-assoctated murmurs may be
of comparatively low intensity

CAUSE OF THE WIDE SPLITTING It would seem that the widely spht second
sound at the pulmonic area mn patients with atral septal defect could be
explamed by the almost iy ariable presence of right bundle branch block
However, since patients who have night bundle branch block but no atnal
septal defect do nat show the same consistent wide sphitting, of the pulmonic
second sound some other explanation must be sought The most obvious
cause. would seem to be prolongation of right ventricular systole due to the
greatly mcreased flow, and this 1s further substantiated by the relative mn
dependence of the degree of sphtting from respiration The role played by
increased right ventricular flow m the delayed pulmonic valve closure will
be better assessed when more patients have been re exammed following
surgical closure of atrial defects Successful closure should result n a re
duction 1n the degree of splitting since right bundle branch block usually
does not dumitush after surgery the only other abvious factor would be the
return to normal of rnight ventricular flow, with a consequent reduction m
duration of right ventricular systole (Iigs 157 and 158)

THIRD HEART SOUND A third heart sound may be heard clearly 1 patients
with atrial defect, 1t 15 loudest between the apex and the lower left sternal
border Because of the left to right shunt at the atrial level, there 1s mcr—mse_d
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Fig 157 N rrow ng of the spl thing of the second sound after succersful surg cal closure
of an ainab septal def o

Upp rscng (2L1S Log) Before su gery th PR interval was 021 sec and the QRS
aterval was 0 08 sac N to the Fest sou d 113 of normal ntens ty 011 soc sfts the onset of
The © wa o the d amond shaped systol ¢ murmur £5M) of modarats fo high sntennty end

med um £ equency and fhe w 1l spit {006 sac } second sou d (2 2) wth the second or
pulmo ay compone t much louder than the aortc closu e

Lows tacing (2 L1S Log} Aft turg y th PRint  al was 018 sec and the QRS
Yorval was 008 sec Note the no mal nte sty Frst sou d (1) the g eatly d mi shed systal e
memu (SM} and th nasrr wly spl ¢ 1002 to 003 sec ) seco d sound (2)

blmLﬂow mto the nght ventricle earl

00 i _diastole, and the third sound
prahablmwmme tricuspid valve
mechanism -

Earvy piastoric sounp Leatham and Gray * reported that in some pa
tients wath atrial defects, an extra sound occurs early i diastole They de
scribe the sound as bemng ugh pitched and snapping 1 quality, with uts
naximum itensity at the lower left sternal border and occurring anywher
feom 003 to 012 sec after pulmonic vahve closure
« Puryonic systovic Mursturs A \ soft blowing systolic murmur, grade 2
10 3 m tntensity and best heard at the pulmonic area, 15 usually audible 1n
a patient with an atnial septal defect This mwwmu\jm
inspiration, diminushes wath expuation and may be completely abohished
by the Valsala maneuser

The pulmonic systolic murmur 1s due principally to increased flow through
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Fig 158 (Apex Log with apex finear tracing } Phonocardiogram of saptum primum
typs of atrial septal defect Note the loud first heart sound (1) the decrescendo systolic
murmur (SM) of moderately low intensity and medium frequency the moderately spht (005
sec) second sound (2) of normal intensity the low intensity third sound (3) the mid
diastolic murmur {DM) of low intensity and low frequency and the systolic thrll recorded
on the apex cardiogram

the pulmomc valve but may be partly due to the frequently assocated
dilatation.of the pulmonary artery The development of pulmonary vascular
obstruction, with a reduction n pulmome flow, results in diminution of the
systolic murmur at the second left interspace, even though the size of the
pulmonary artery may be further increased

Operative closure of the tnal defect results in considerable diminution,
or even disappearance, of the pulmonic systolic murmur

Pulmonic stenosis may accompany an atnal septal defect, mn which
case the typical diamond shaped, rough systolic murmur of a stenotic lesion
15 heard This murmur 15 of course loudest at the second left interspace,
and 1t 15 conducted well to the nech and back

Mip prasToLic MURMUR (FIG 159) With secundum defects, a md
diastohic murmur, commencing at the time of the third heart sound and oc
casionally continuing into presystole, can be heard between the apex and
the lower left sternal border The murmur 1s medium to low in frequency and
15 grade 1 to 2+ m intensity It 15 accentuated with-anspiration and dimn

Sl | 1

Fig 159 (Apex Log ] Mid diastolic murmur in a patient with a foramen secundum atcal
dofect The fiest sound (1 1} consists of two groups of vibrations The first group 15 of low
intonsity and occurs 007 sec after the onset of the QRS complex The second group 1s
slightly more prominent and occurs 004 sec later The tecond group of wibrations occurnng
D11 sec after the onset of the QRS probably represents an sarly systalic ejection sound
Note the systolic murmur {SM} of low intensity and medium frequency the wall splt (004
ond sound (2) consishing of two groups of moderate intentity vibrations and the
DM of low intensity and medium frequency

sec ) sec

e




ATRIAL SEPTAL DEFECT o

wshes or may even disappear with expiraion There are two obvious posst
biltres for the causation of this murmur (1) Blood flow across the atnal
defect from the left to the nght atnum, and (2) increaced flow through the
tncuspd \alve, gving relative tricuspid stenosis v

The timing of this murmur 15 such that 1t concides with the period of
rapid ventricular filhng, that 1s to say, 1t commences with the downstrohe
of the wave of the nght atral pressure tracmg This 15 not usually the
time of maximal pressure thiference between the left and right atna, and,
therefore, 15 not the time of greatest flow across the defect

There are two main factors agamst a mitral onigin for the murmur

1 Although a mid-dmstolic musmur 1s constantly noted with large atnal <hunts the
presence of organic mutral temosis 15 very rare

2 1f the patient wath atnal defect performs a Valsalva maneuver there s a decrease 1
“emous retumn to the heart, math dumpution, of_even §isappearance, of the mid dustalic
rumble 1f the posttnve intrathoracc pressure s then released the diastolic rumble returns
Wil two ot three beats whereas mitral diastolic murmurs do not fetum until aftes four

10 1x cardiac beats This evidence while not conclusise does sugrest that the murmur
has 1ts engin 1n the nght ude of the heart

Three factors faror a tncuspid or atnal defect onign of the murmur

1 The murmur disappears after successful surgical closure of the defect with conse
quent reduction 1n flow through the tncuspid onfice and acro s the defect

2 The intensity of the murmur diminishes with the development of pulmonan vascu ar
obstruction and reduction i the degree of the left to nght shunt

3 Fuallv the focation of the murmur at the loner feft sternal border or between the
2pex and the lower left sternal border together with its increa ¢ dunng In piration ss
consistent with a tncuspid ongin of the murmur

PrESYSTOLIC MURMURS Presystolic murmurs may occur with esther
secundum or primum defects but are more common with the latter, perhaps
because the shunfs are generally Jarger in this group For these murmurs to
beattributed to right atrial systole the vibrations should commence approxi
mately 010 <ec after the an<et of the P wave as ths 18 the usual time 1nter
‘al between the onset of electrical and mechamcal systole 1n the night
atrum Tt s sasd that a Jonger interval 0f 0 12 to 0 13 sec between the onset
©of the P wave and the onset of the presystolic murmur indicates that left
atnal systole 1s more hikely the cause of the murmur Experience with
tients having complete heart block does not confirm these conclusions Pa
“lg‘uui'izllc MURMURS AT THE LEFT STERNAL pDORDER In many patients
fregone mph;aled secundum defects there 15 a moderate mtensity, medium
B Yy rather early dastolie murmur heard best at the fourth or fifth

il mterspace This murmar s soft and dimsnuendo 1 1

1to21n ntensity It commences before the th i s o Eade
ard sound 1t has b

Rested that thes murmur 1s due to pulmon; ffi O e

dilatation of the pulmonary artery anﬂlﬁmﬁ?’&iﬁl‘“mm‘m’ ©

¢ause of thus murmur 1s not evident 7 #he g The true
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PERSISTENT I'ORAMEN PRIMUM DLFECTS OR PARTIAL
ATRIO VENTRICULAR CANAL (FIGS 160 AND 161)

Since this anomaly 15 sumply a defect Jow in the atrial septum with add:
tional deformuties involving the mutral or tricuspid valve, or both, the typical
sounds or murmurs described under secundum defects are present, with the
additional murmurs ~of mutral_or tricuspid msufﬂcxency The murmur of
mutral regurgitation is holosystolxc n timing, blowing 1n character, and grade
3 to 4 1n tensity It 1s conducted well to the left axilla and left lung base
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Fig 160 [Apex Log ] Presystolic murmur and dismond thaped systolic murmur recorded
in patient who had an oshum primum defect Note the low intensity first hoart sound (1] 006
sec after the onset of the QGRS complex the low infensify second sound {21 not spht af the
apex the diamond shaped systolic murmar (SM) of medium frequency and moderate imten
sty the medium frequency presystolic murmur (PSM) commencing 0 08 sec after the onset
of the P wave of the elactrocardiogram and the P R nterval of 020 sec

Swets 1 22 t 22
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Fig 161 (Apex Log } Delayed frsf heart sound well split second sound and presystolc
murmur in a patient with an ostium primum defect Note the frst heart sound (1) of normat
infensity occurring 0 09 sec after the onset of thn QRS complex the systolic murmur {SM)
of moderats to low intensity and medium frequency the well spht (006 sec ) second sound
(2 21 of moderately low intensity with the aorhic component slighily louder than the
pulmanic and the moderate intensity presystohie murmur (PSM} commencing 0 12 sec after
the onset of the P wave but having no presystolic crescendo



n
ATRIAL SEPTAL DEFECT

and m1y be accompamed by a thrll 1 tncupd regurgitaion 1S p::‘u‘l‘t‘; ;x
holosy stolic murmur my be heard at the lower left sternal border, \mmr
be accentuated duning wspication In additton to the nud dinstohe mu iy

eard with secundum defects, the pnnwm defects are often accompamed by
a presystolic murmur 1t should be stressed that patients with pnmu;n
defects are more hikels to have pulmonary vascular abstruction at an early
age than are those with secundum defects, the Graham Steell murmur of
pulmonary wsufficency also may be present

ATRIJFSEPTAL DEFECT \SSOCIATED WITH MITRAL
‘/):"['L\OSIS {LUTEMBACHER'S S\NDROME)

The assocsiabion of mutral stenosts with atnal <eptal defect 15 not com
mon Tt 1> chfncult to distinguish chmeally {rom a <ecundum atnal defect
However,f the diastolic rumble 1 unusually loud, if 1t has a typical presys
tolsc creccendo with a loud apical first <ound, or, 3f an epemag <nap 15 audr
ble concormitant mutral steposis may be suspected

STRIAL SEPTAL DEFECT ASSOCIATED WITH 1ULMONARY
VASCULAR OBSTRUCTION (FIGS 162 163, AND 164)

Pulmonary vascular obstruction causes several stnhing changes in the

sounds and murmurs accompanying atnal septal defects These changes
are due to three factors

1 Pulmonary artery hypertemston

2 Dumnution of the left to nght shunt

3 Pulmomc salse wsufficiency v
—_——
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Fig 182 (Ap x Log) © adrup! hy
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d fact Tha pat nt had & bd ract enal
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Fig 163 {2 L1$ Log} Early short decrescondo pulmomic diastolic murmue 1n a patient
with afnal septal defect and pulmonary vascular obstruction Nota that the firsh sound () 1)
contists of two sets of vibrations The first group 15 of low intensity and probably repressnts
the true first sound occurnng 0 0B sec after the onset of the QRS complex The second
group 1s of high intensity occurs 0 18 sec after the onset of the QRS and probably rapresents
an early systolic chick Note the widely split {0 07 sec ) second sound {2 2) with a markedly
accentusted second component the diamond shapad systolic murmur (SM} of moderats sn
tensity and medium frequency and the shart early decrescendo diastolic murmur [DM) com
mencing with pulmonic closure and occupying only the first 20 per cent of disstole

Fig 184 (2 L1S Lag) long decrescendo pulmonmic diastolic murmur in pahent with
atrial septal defect and pulmanary artery hypertension The first sound consists of two mod
erately intense series of vibrafions 004 sec apart occurring 0 08 and 0 12 sec respechvely
aftar the onset of the QRS complex of the electrocardiogram This split first sound 13 followed
004 sec later by a high ntensity group of vibrations occurring 0 16 sec after the onset of
the ORS complex and representing an early systalic chick (SC) Note the decrescendo tys
tolie murmur (SM} of medium frequency and modarate intensity the markedly accentuated
second sound {2) with slight splitting observed 1n tome cycles and with accentuation of the
second component and the long decrescendo diastolic murmur (DM} of high frequency

and moderate infansity

Commensurate with the increase in pulmonary artery pressure, the force
of pulmonic valve closure also ncreases, consequently, the second or pul
momec component of the second sound at the pulmonary area may become
marhedly accentuated If, at the same time, pulmon-ry flow 15 greatly dimin

s 1shed, there may be some narrawing of the spht That this does niot happen
inyanably may be due to prolongation of nght ventricular systole secondary
{1 to the severe pulmonary vascular obstruction

The diastolic_ murmurs_assoctated with the left to night shunt may be
greatly dimimished or may disappear entirely in the presence of pulmonary
vascular obstruction An early systolic clich, best heard at the second left
mterspace or along the left sternal border, may become clearly audx/bje
This chck 1s associated with systolic ejection mnto the dilated and hyper
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tensive pulmonary artery and 15 frequently confused with splitting of the
fiest heart sound

ATED WITH PARTIAL
ATRIAL SEPTAL DEFECT ASSOCL
ANOMALOUS PULMONARY VE\OUS DRAINAGE (FIG 165)

1t the pulmonary ‘ewas from ane lung (usually the nght) dramn f\mo' the
nght atrium, the findings on auscoliation are identical with thase of a fora
men secundum atrial septal defect The diagnosts can be made only by pass
ng a catheter into one of the vemns, but the frequent ass‘ocmuon of atnal
septal defect and partial lous pul Y venous makes a
clinical diagnoss virtuaily impossible

Fig 185 (211 Log ) Well splt second so nd prom nent Frst sound o d presystol ¢ mur
mar n 88 yes oldwhit gl wih atnel septal defoct and part a1 anomalous puimonary venous
dra nage (tha p Imonary ve ns £ om the night lung ente od the ¢ ght at s m) Note the Frit
soud {1 1) spl by 0055 (w th the K st compo ent of the spl t much louder then the
s cond) occurn g O OB sec aite tha onset of The O wave tha systol ¢ m rmur {SM) of low
nten tyandlowtom @ mieq cy th wellsplt 1005 sec) second sound 12 2) with

the two components of no mal intens ty & d the presystol ¢ marmur (PSM) of low f equency
a diowint sty ba ng no presyst Tc crescende

EFFECTS OF SURGICAL CORRECTION ON THE SOUNDS
AND MURMURS OF ATRIAL SEPTAL DEFECT

1f perfect surgical closure of an atnial septal defect 1s obtained, one would
expect complete disapp of the mid diastolic and py hic murmurs
and a reduction of the pulmonic systolic murmur to the grade 1 ar 2 often
found 1n normal persons The wide sphitting of the second sound at the pul
monic area should also return 1o normal, especially 1f the delayed pulmonic
closure 15 due entisely to increased right ventricular flow We have not fol
lowed a large enough seres postoperatively entirely to confirm these opin
tons but cettawly these results have occurred n the patients we have

studied except that wide splitting of the second sound
at the pul
occasionally persists primame area

REFERENCE

U Leatham A and Gray 1 Auscultat d
e o B ot ory and phonocardiographic signs of atnal septal



21/ Complete Transposition of the Pulmonary Veins
and of the Aorta and Pulmonary Artery

THE PULMONARY VEINS

The general climcal picture associated with complete transposition of the
pulmenary verns 1s well hknown In this anomaly there 1s complete mivng of
the systemic and pulmonary blood flow 1n the nght atrium In order for
these patients to survive there must be further communication between the
two circulations, and this 1s almost invariably at the atrial level It 1s obyvious
that under these conditions pulmonary flow will be greater than normal,
therefore, murmurs due to increased flow through the great veins and the
tricusprd and pulmonic valves mught be expected Audible sounds may re
sult from tncreased right ventricular filling and from the increased force of
right atnial contraction
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Fig 166 (2L1S Log and apex cardiogram) Loud erescendo decrescendo systalic murmar
quadruple thythm and presystolic murmur 1n 2 month old gurl with complete sbsence of the
atrial septum Diagnosis confirmed at postmortem examination Note the fest heart sound (1)
of normal infensity the hofosystolic murmur (SMJ of modarate infenuty and high frequency
with a corresponding thrill recorded n the lower fracing the second sound (2} of mormal
intensity without obvious splitting the third sound (3) at the apex of the rapid inflow wave
(RI) of the apex cardiogram the loud fourfh sound (4] and fhe modsrate intemsity presys

tolie murmur (PSM)

This hemodynamic situation 1s sumlar to that resulting from a single
atnum (Fig 166) The auscultatory phenomena to be described mny be

encountered 1n this situation, as well
282
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AuscurtaTion (FI6S 167 T0 170)

Souaps The fisst sound 15 notmal 1n ntensity and 1> Joudest at the lower
Jeft stesnal border or at the apex The second sound 1 usually prominent,
with normal sphtting Tn the pre ence of pulmonacy vascufar obstruction
pulmonic closure 15 accentvated A clear third sound (pre umably secondary
10 mcreased right A entnicular fillmg) 1 cotamonty encountered at the lover
left sternal bordes ot the apex Fourth ounds are heard mn a1 feast half of
the patients grng a quadruple thythn but infants and children the
1achycardia often encountered gues mise to a summation galfop—a tuple
rather than a guadruple rhythm

Murvurs Three tvpes of murmurs are {requenth encountered (1) a
bolesystolic murmur, diamond shaped ot decte cendo Joudest over the pul
momg atea and presumably due to sncreased flow theough the pulmomce
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Fig 169 (Loganthmic tracing) A conhinuous murmur under the left clavicle and the
more fypical thythm at the apex in a patient with total anomalaus pulmonary venaus drain
age Note the normal first sound (1) and the continuous murmur under the left clavicle with
accentuation of the murmur at the time of the second sound the normal first (1) and second
(2} sounds and a less intense continuous murmur ab the third left interspace and the normal
Fest (1) end second (2} sounds with a somewhat dismond shaped systolic murmur (SM)
and a presystalic murmur (PSM) af the apex
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! 1l
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Fig 170 (LLSB Log) First degree hosth bhock in dotal anomalous pulmonacy van 3
drs mage Tha F R inferval was 020 tee a1 o anb icular vate of appra mately 110 beats par
mnute Note the low inte sity T 1t sound {13 the crescendo decrescando systol & murmur
SM) of tow intasssdy and med um Fraquency the wall spl t (204 vec ) second sound (27)
with an accentosted second component s & $he prawystel & murmur 1BSMY fallng lats
4 stola rath  than (0§ ue p esystole Ths murme commentes about 008 vec after the o
¢ot of the P wa o and ends sbout 003 sac bafs a the onset of the £1at heset sound It 1s
¢ ese ndo decresce do 1n eonfguration

salve, (2) amud duastolie presystolic murmur over the tricuspid area, prob
ably due to increased flow through the trcuspid valve, and (3) a continuous

murmur over the great vems and under the nght or left clavicle or bath,
which 15 actually a venous hum 1n the large venous channels

Tt should be emphasized that the.e charactenistic sounds and murmurs
have been encountered 1 tho e cases of complete transposition of the pul
monaty seins when drasnage 15 nto the night of lefs supenior vena tava, into
the caronary stnus or directly mto the nght atnum We have pot heard

these murmurs where drainage has been below the diaphragm, into the
portal vern or the ductus venosus

THE AORTA AND PULMONAPY ARTERY

Thed of complete t

of the aorta and pulmonary artery
1s made from the over aff clhimcal picture, but ausculiation may be helpiul

in pawting to as oviated anomahes For patients with camplete transpost
tion to survive there must be communications betw een the two circulations

s ventoewlar defects patent ductus astensosus, or atnial defects alon;
or 1n combination, are frequently encountered '

ALSCULTATION
‘The first sound 1s normal m wtens:

ty The second sound 15 usuall
and may be normal, diminished, or accentuated 1 mtens)ty Becauscil’s E:}lx':
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anomalous posttion of vessels and the sartable hemody namics, 1t 15 not pos
sible to assume that the sounds at the second left and second right mnter
spaces reflect pulmonic and aortic valve closure I'o complicate further this
problem, we are not even sure whether nortic or pulmonec valve closure oc
curs first in these patients

Although the heart sounds are not particularly helpful 1n diagnosis, the
murmurs, which occur 1n about 70 per cent of such patients, may be more
50 In general these murmurs reflect the associated anomalies, and, since
ventricular defects are common, so are systolic murmurs at the lower left
sternal border Diastolic murmurs are rare but may occur n mdividuals
with large left to right shunts at the atrial or ventricular level If there 1s
stenosis of either the aortic or pulmonary outflow tracts, an associated
stenotic murmur will be present
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22 / Coarctation of the Rorta

the
Although coarctation of the aorta (Fig 171) x; r;,e\er ga]g;::;i:r;ea“
1 auscultation of the accon!
15 of auscultation alone, carefu
}::fmds and murmurs enables ane to assess better the nature of lesions which
are commonly assocated with coarctation

ALSCULTATION
FIRST HEART SOUND

The fist heart sound mav be accentuated at the apet because of the hy

peractive beat necessary to mamtam the assouated hypestension 1 the
proumal aorta

SECOND HEART SOUND

Aortic vale closure 15 usually accentuated because of the elevated dias
tolic pressure 1n the prouimal aorta whereas pulmonic closure 1s normal in
intensity unless there 1s associated pulmonary artery hypertension second

ary to congestive farlure mutral valve disease, pulmonary vascular obstruc
tion or a left to nght shunt

MURMURS

SystoLic A late systoltc murmur, grade 2 to 3 i infensity may be heard
this murmur represents flow across the coarcted segment itself or even
more likely assaciated mitral regurgitation

A stenotic systolic murmuf grade 2 1o 3 n ntensity, 1$ heard {requently
mn the aortic area 1t 15 conducted well into the suprasternal notch along the
great vessel; of the nech and mto the back This murmur may be due to
€0 exsting aortic stenosts or “W&E’@uﬂm
Brock ¥ Qescribed a patient with coarctation of the aorta who Fad a prom

nent stenotic dortic si<tohc murmur accompanted by a thrdl, but no gra
dient across the aortic vahe

Dustone Agrtic diastolic fanrmurs are common and are usually due to
the association of aorgic hy perten |

tten 1on and a bl_uimd aortic valve which also
Ry be the sie of bac\eﬂie_x\gqcirdnzrs Apical-diastolic murmurs are

roted n approuimately 25 per cent of patients who have coarctation of the
287
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COARCTATION OF THE AORTA

rate tntensit;
aprta These murmurs are mid drastohe, Yow freguency, mode e a)‘
rumbles and may be due to lelt ventnecular dilatation or to as<ociated
umble entniculag duata

afve disease

ConTINpoUs MURMURS Continuous murniurs are {requently associated
wath coarctation, and depending on the position of maxmal intensity, they
mav be due to one of three possible causes

1 A continuous murmur along the leit or the nght_teenal border may be due to col
Tateral flow through the intemal mammary antenes and stnular munmurs over the nter
costal space> espeanlly 1 the pamww be due to flon through
ntercostal arteries

7 A continuous murmur m the lefl uppes part of the chest antenordy or over the left
upper part of the back could be secondary to flow agre s the Sexerely coarcted segment
£ bath the systohic and diastohic pressutes proxenal to the coarctation were greater than
{555+ 1o The dstal segmeat of the 5oria & STA0ERT ould peceist accoss (he coarciation
throughaut the cardiac cycle and a contindous murmur could fesult

3 A continuous rurmur 1n the second left 1 ter pace or 1 the left mfracavicutar
region may be due 10 an a soctated patent ductus arteriosus

REFERENCE

1 Brock Russell Surgical treatment of sortic stenosis Bt M J 1 1019 1957
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23 / Congenital Aorhic Stenosis

Congenital aortic stenosis may be valvular, subvalvular, or supravalvular,
1t 1s not possible to differentiate these types clinically We have studied more
than 150 patients,' basing our diagnoses on the followng critera

1 A ‘stenotic systolic murmur heard at the second nght nterspace with wide trans
mission

2 The electrocardiogram shows left ventniculir domnance or left ventricular hyper
trophy

3 No evidence of a left to night or night to left shunt

AUSCULTATION

FIRST HEART SOUND

Frequently the first sound 1s loud at the apex and appears widely spht
Simultaneous phonocardiograms, electrocardiograms, and arterial pressure
tracings suggest that, whereas the first part of the spht first sound seems to
comncide with mutral valve closure, the sccond part cotncides with systolic
ejection, and so must occur after aortic valve openmng The latter sound 1s
referred to as “an early systolic ejectron sound” or “systolic cheh” ind

e o e | e

o
[

st

Fig 172 (2R[S Log ) The early systolic chek of congamhl aorhic stenosis Note the frst
sound (1) of low intensity 006 sec after the onset of the QRS complex the loud early
systohie click (SC1 0 10 sec after the ontet of the QRS complex the diamond shaped systol ¢
murmur (SM) of medium frequency and moderate intensity ending before the second sound
and the second sound (2} of normal intensity spht by 002 sec

290
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CONGENITAL AORTIC STEROSIS

the early
172) Tt corresponds 10
cses n the aorta wself (Mg arly
pm?:l‘:c:e;c;on sound heard osver the pulmome Arew pa.(:emi ;;};om"m
zy;tatmn of the pulmonary attery, and 1t occurs about § 0> SeC

)\

closure

AQRTIC SECOND SOUND

In two thurds of the patients, the sottic <ecomf(li :o;nd \;’asdl:fs:“\:‘t\en‘;c
t was considered to be del

fhan the pulmome second sound, but »f
m:::shed‘:n only one third {Fg 173) It was wsually nartowly <p\xl\, bt
often appeared single The timing of sartic vahe closure more clocely ap
provimates that of pulmonic sahe closure than it does potmally, and be‘
cause of the protonged left Jentncular etale, Wt may occur even after pu
ome vakie closure, gang fise to paradowical sphitting with imspieation
:FM 2 1 1M 2 I sm 2
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Fig 173 (Z RIS Log and In arl The systolc th il of cangen taf ssitic stenoy s Note
the low nt sty frst sound 11) the d amond shaped systol ¢ murmur (SM) w th the spax
of th damand 0 the fi 5f #h rd of systole the low stensity second sound 12) and the thrd
20 nd (31 A ystol ¢ Hrll 1s cloa fy shown on the lowar trec ng

SYSTOLIC MURMUR

The systohe murmur of congenital aortic stenosis 15 grade 3 or louder
and has a harsh rough quality (Fig 174) This murmur 15 heard best at the
<econd nght mterspace and 15 conducted well 1o the suprasternal notch and
along the great vessels of the neck, 1t 15 of medum frequency reaches its
paint of maxmal mtensity before mudsvstole and tadls off hefore the <econd
heart sound In several prosed cases the murmur has been loudest at the
mid left sternal bosder

By phonocardiography, 1t can be seen that the murmur begms immed:
ately after the first sound and 15 diamond shaped with the apex of the
dramond occutring before mudsvatole We have not been able to confirm the
mmpression of the Swedish authars  that the apet of the dsamond oceurs

later n systole n the more severe cases than o does w the mlder tases
Lesser degrees of aortic stenasrs ma;

y be accompansed by less imtense mur
murs without thnills but becavse of the eritena we used for diagnosis, most
of onr patrents had a rough systolic thrll felt best at the second right inter
Space accompanying the murmur { Fig 174}



HEART SQUNDS AND MURMURS

| ('/‘» A vl

ECTOPIC BEAT
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Fig 174 (2 R!S Log) Effect of a ventricular premature beat on the systohc murmur of
congenital aortic stenosis Note the low intensity first sound (1) 005 sec after the onset of
the QRS complex and the low intensity second sound (2} In the normally conducted beats
there is & diamond shaped systolic murmur (SM} of high intensity and high frequency with
the apox of the diamond around mid systole With the ectopic beat falling soon aftsr the
previous complex the first sound occurs 019 sec after the onset of the QRS complex and
the systalic murmur 15 considsrably diminished 1n ntensity Mechanical systole 11 shortened
whereas electrical systole 15 prolonged secondary fo the marked conduction defect

DIASTOLIC MURBURS

Decrescendo aortic diastolic murmurs (F1g 175) occurred 1n 15 to 20 per
cent of our patients Postmortem exammation of some of the valves showed
that in certain cases the valve leaflets could not close completely because of
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h di of a patient who had con

Fig 175 Precp and postoper »
gemtal sortic stenosis showing the development of a low intensity aorhic disstolic murmur
following fransventricular splitting of the aorhic valve

Upper tracing (2 R1S Log) The frst high frequency vibrations {1} occur 0 12 soc after
the onset of the Q wave and probably reprosent an early systolic click Note the diamond
shaped systolic murmur (SM) of high frequency and moderate intensity with the apex of the
diamond 1n the first third of systole and the normal intensity second sound (2)

Lower fracing {2 R1§ Log ) The imitial high frequency vibrations (1) agam occur 012
soc after the onset of the @ wave The diamond shaped systolic murmur {SM) is more intense
than it was preoperatively and it appears fo start lster in relahion o the @ wave The second
sound {2) 15 essentially unchanged A diastolic murmur (DM) of low intensity and medium
fraquency starls with the second sound and lasts through half of diastols
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structural deformity  therefore, the presence of aortic insufticiency was not
surprising It 1s important to remember that the murmur of aortic incompe
tence 15 heard at least as frequently, 1f not more commonly, with subs alvular
as with valvular stenosis

Apical diastolic murmurs are relatively rare and are probably due to left
entricular dilatation, ot perhaps to 1mvolvement of the rtral valse in some
process such as endocardial fibro elastosis

REFERENCES

1 Ongley P A Nades A S Paul M H and Rudolph A \f
mfants and children Pediatnes 21 20/ 1958

2 Kpellberg S R Manshemer E Rudhe U and Jonsson B Diagnosts of congenmtal
heart disease Chicago Year Book Publishers 1955 p 498

Aortic stenosis 1n



24: / Congenital Mitral Stenosis

Congenital mitral stenosis 1s rarely encountered as an 1solated lesion Fre
quently 1t 15 associated with endocardial fibro elastosts

AUSCULTATION
Sounbs

In the presence of a phable nutral valve the first sound may be accentu
ated (Fig 176), but 1n 1 of the 2 patients (g 177) with a flat mem
branous tvpe of mutral valve, immobile to the surgeon’s palpating finger, on
whom we have operated, the first sound was diminished 1n intensity The
second sound at the pulmonic area 15 moderately to markedly accentuated,
depending on the degree of pulmonary artery hypertenston The third sound,
if present, 1s of low tensity An opening snap may or may not be present,
depending on the mobility of the mitral valve

MuRrMURS

The apical diastolic murmurs 1n our patients with pure stenosis have been
loud, sometimes with presystolic accentuation, however, patients with asso
ciated endocardial fibro elastosis, who have been m failure, have had low
intensity murmurs

DITTERENTIATION BETWEEN CONGENITAL AND
RHFUMATIC MITRAL STENOSIS

The essential factor 1n the differential diagnosis 1s the age at which the
leston 1s detected, classical murmurs of pure mitral stenosis are much more
Iikely to be congemtal in ongin if they occur i children less than five years
of age than 1f they occur 1n older children

COR TRIATRIATURL
We have encountered 2 patients in whom the left atrum was divided by
a membrane passing from the interatrial septum to the lateral wall of the
left atrium and obstructing blood flow from the pulmonary vens to the
mutral valve In each mstance there was a small hole 1n the membrane Both
patients had climical pictures identical with that of primary pulmonary
234
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Fig 175 (Apex Log snd spex ca d ogram} The typical :w(rln)ws n‘uu‘.:::‘ ::hb::‘ :;.‘
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Fig 177 (Apex Log} Inte s

mddasol e pt systal € m rmur
og +1mtalstenoss Note the rath
wa

& year old boy with
low ntens ty £ st sound (1} 008 sec after the Q
th nomal seco d 50 nd £2) splt by 003 s ¢ nd the d sxtol ¢ murmur {DM) of
tr melyhgh ot nsty wd med m¥equency start g bout the e pected t me of the open
ngsap adcotn gtoth 35 cceed ng T st sound but wthout presystel ¢ crescendo

vascular obstruction and both died within the first tao months of lfe In

each case the only abuormal auscultatory finding was an accentuation of
pulmonary vahe closure

Congenital mitral stenosis was ¢

d 1n the di 1 of
these patients but was rejected because of the absence of murmurs and be
cause the left atnium was normal 1n size An 1dentical picture occurs with
stenosis of the pulmonary vetns prior to their entry nto the left atrium

We have seen 1 addiional patient 1 whom left atnal stenosis resulting
from a tnckened ning of fibro elastic tissue was Just prosmal to the mmitral

valve The chmeal signs and murmurs were 1dentical with those of mtral
stenosis except that there was no recard of an o

o : peming snap on auscultation
p! was not ob d
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CONGENITAL MITRAL INSUFFICIENCY

Pure mitral insufficiency 1s a rare congemtal anomaly and 15 usually sec
ondary to congenital shortening of the chordae tendinene, or to maldevelop-
ment of the mitral cusps

Mtral msufficiency, often of severe degree, may accompany the secundum
type of atrial septal defect or the usual form of ventricular defect Cleft
mitral valves are much more commonly encountered as part of the syndrome
of common atrial ventricular canal, of the partial or complete variety As
part of the syndrome of corrected transposttion a left stded Chstein’s de
formity may oeccur giving left A V valve insuffictency

Any cause of left ventricular failure with dilatation of the mitrnl ning, the
presence of endocardial fibro clastosis with mutral valve mnvolvement, or de
struction of the mutral valve secondary to bacterial endocarditis, may lead
to mitral nsuffictency of varying degree



25 / Pulmome Stenosis and Tetralogy of Fallot

y pulmome stenosts with
It 15 important to differentiate climically betneen h

intact \entricular septum_and pulmonic stenosis with a ventncular scpblm
mﬁk}l to these lesions may be dniiem‘:‘tb )

stmilar reasons, 1t 15 important to differentiate valvular from infundibular

palmonc stenosts, It should be stated that, although many points of qCr

ence will b descnbed, there ate times when 1t may be 1impossible to mahe

the differential diagnosis with certainty

Tn this chapter we use the term “pure pulmonc stenosis” for pulmome

stenosis wth an 1ntact ventneular <eptum even though there may be a pat

ent foramen ovale The term te(wggww —

o515 d with 2 ventricular septal defect and a'Tight to left shunt We
~Will 5ot discuss, i this chapter those cases where there 1s a left to nght W

shunt through a ventricular defect, together with a gradient across the pul
momc valve

AUSCULTATION
FIRST HEART SOUND

I¥ PULMONIC STENOSIS WITH INTACT VENTRICULAR SEPTUM (FI6 178)
In pure pulmonic stenosis, either valvular or infundibular, the first sound
15 often Joudest at the lower left sternal border, where 1t may be normal or
accentuated

Tncreased imtensity of the first sound n this area may be due to the mn
creased force of right ventricular contraction causing a sharp closure of the
trcuspud valve  ths 1s comparable to the increased intensity of the mtral
first sound 1n hvperdynamic hearts Another possible factor which may con
tabute occasionally to the loud first sound an valvlar stenosis 1s the sem:
lunat component of the first sound caused by the opening of the pulmonic
valves In some patients who have pulmome valve stenosis the valve 15
phable having a slight conveuty toward the night ventricle during duastole
and balloomng toward the pulmonary artery m systole however, 1t cannot

open fully because of the basie structyral defornuty These changes m the

position of the valve have been demonstrated nicely by Kjellberg and his
* using d

EARLY $3STOLIC CLICK OR PROTOSYSTOLIC crar In mild valvular pulmomc
stenosis with intact ventnicular septum and post stenotic dilatation of the
237
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Fig 178 (2115 Log) Typical diamond shaped systolic murmur with a well spht second
sound in & patient with pure valvulsr pulmonic stenosis Note the normal first sound (1) 008
sec after the O wave of the electrocardiogram the well spht second sound (*2) split by
005 sec the aorhc closure (As) louder than pulmonic closure (Ps) and the diamond shaped
systohe murmur (SM) of high fraquency and high intensity commencing a definite intsrval
efter the first sound The apex of the dismond 15 1n mid systole

pulmonary artery, the first sound may appear accentuated over the region
of the pulmonary artery This loud sound, which was described by Petit
n 1902, immediately follows the true first heart sound *

The combination of the post stenotic dilatation -1nd the jet effect of the
blood suddenly entering the pulmonary artery results in the production of
an early systohic click This chek, called the ejection sound, since it comn
aides with filling of the pulmonary artery 1s often palpable as a shock or
thrust over the region of the pulmonary artery Probably the presence or
absence of this chick depends on the interplay of several factors, such as
(1) the angle at which the jet of blood 15 directed from the pulmonic valve
into the pulmonary artery, (2) the degree of post stenotic ditatation of the
pulmonary artery, and (3) the force of right ventricular contraction The
chick becomes dimimshed during mspiration and may disappear entirely dur
ing a Valsalva maneuver although 1t persists during normal expration

IN TETRALOGY OF Farror The first sound 1s usually of normal intensity
1n tetralogy of T'allot, although 1t may be accentuated at the lower left ster
nal border Sphtting 1s either narrow or not present ollowing the first
sound there may be an early systolic ejection sound which 1s well conducted
along the carotids, this sound probably occurs n the aorta 1itself An im
portant factor mn the causation of this sound may be the increased strohe
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as!
output 1nto the somew hat dilated aosta, and its clam)(' n;‘a) ll‘):s :ncre y
the close prowinuty of the aorta to the antenor wall of the ¢!
PULMONIC SECOND SOURD

79
n{ PULAMONIC STENOSTS WITH INTACT \smmczr.,\k Isgnucua r(et;xcl,s tn Qg
ond <ound at the pulmon
In mild pulmonic stenosts the sec e
erately \Se\\ split, and pulmontc closure may be either normal or dimny
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Fig 179 (215 L g) Typcal d mond thaped systal ¢ murmur w th a wall spl } teco &

s0 d napat ntwithpue
(1) wihthe manval |

S

1 ular pulmon € st o35 Nota th norm ) intens ty frst so nd
compo entace 1ng 008 sec after the onset of the @ wave and
th systol e murmoe (SM1 of hgh fr quency & d hgh 1 tennity cont g theough to the
s ond | lar ompon t Fthe s cond sound The murmur starts wth o promunent com
o ent 004 sec ofter the m mal sl far component of the Frit sound It Is d amond
shoped wih th ap x of the d amond occu 1ng 1 ar md systol  Mate alio the w dely tpl t

se ond saund (2 2) splt by 008 tac the asrtie al a clovua {A1 and the pulmonary
ol oclos o (P)

m mtensity the splitting usually imcreases with ispication When the ven
trcular septum 1s wtact valvular of mundIGWAr pulmGNIe stenosts of
severe degree may result m a greatly dimmished, naudible, or even unreg
1sterable pulmonic valve closure because of two mawn factors (1) tow pul
monary astery pressure, and (2) structural abnormahty of the valve stself

In severe pulmomic stenosss, prolonged might ventnculat systole causes
\:qu s‘pht:ng l:( the second sound in the pulmomc area This sphtting 1s due
0 delaye IoNN alv
msmmzmnp c vahve closure and does not increase appreciably on

In TETRALOGY 0F FALLOT Aortic and pulmonic valye closures occur al



300 HEART SQUNDS AND MURMURS

most simultaneously in tetralogy of Tallot Aortic valve closure occurs first,
since aortic pressure 1s much higher than pulmonary artery pressure, but
because of the ventricular septal defect, night and left ventricular pressures
fall rapidly together, and the interval between nortic and pulmonic valve
closure 15 extremely short Also, since pulmonic valve clostre occurs at a
much lower pressure than aortic valve closure, and since the aortic valve 1s
anterior, the second sound 1s dominated by the aortic component Conse
quently, under these circumstances, the second sound 1s diminished at the
pulmonic area and 1s best heard as a loud, narrow, or single sound at the
lower left sternal border

The timing of aortic valve closure can be measured from the dicrotic
notch on the carotid pulse tracing with a correction for the delayed pulse
transmission, and occasionally pulmonic valve closure can be calculated
from simultaneous right ventricular and pulmonary artery pressure tracings,
ar, better still, from selective angiocardiography with 2 rapid film changer,
or by x ray cinematography 1n conjunction with selective angiocardiography

Followng shunt procedures The Blalock or Potts shunt operations for
tetralogy of Fallot result 1n increased pressure 1n the pulmonary artery with
consequent increased intensity of pulmonic closure When the shunt 1s too
large, there may be a considerable increase in pulmonary artery pressure,
and pulmonic closure may become markedly accentuated

SySTOLIC MURMUR OF PULMONIC STENOSIS

IN PULMONIC STENOSIS WITH INTACT VENTRICULAR SEPTUM (F1c 180)
Stte of maxmmal ntensty In valvular pulmonic stenosis, the systolic mur

I i
1 ket 1 SM h ol

2| )

{
22

i P

Fig 180 (2 LIS Log} Diamond shaped systolic murmur and a protodiastolic high
{requency sound in a patisnt with pulmomic stenosis with intact ventricular septum Note the
first sound (1) of low frequency and low intensity 006 sec after the ontet of the QRS
complex the dismond shaped tystolic murmur (SM) of high infensity and medium to high
frequoncy with the apex of the diamond near mid systole and the well split (005 sec } sec
ond sound (2 2) with some vibrations continuing through te the second component Thare 15
» narrow high fraquency vibration marked with a7 which occurs 008 fo 009 sec after
the fermination of the second sound This may be a third sound but «t Is of unusual fre
quency and occurs sarly Also 1t could be an opening snap but the reason for its presence

15 not obvious
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wut 1s heard best at the first and second left snterspaces and 15 C°“d“}f‘°‘;l
well to the nech and back It 1s almost imartably accompamted by a thrl

Character of the vurmur The murmur 15 loud, usually grade 3 of 4w
intensity, and has a rough, stenotic qualiyy 1t 15 of medwm l? fugh (r[c]
quency on the phonocardiogram, begins some time beyond the fiest <ound,
and 15 dramond shaped usually with the apex of the diamond at or beyond
the mudpoint of systole 1f the stenosis 15 severe 1t lw%&%
found 1 sumilar degrees of pulmonic stenosts, associated Wit \enlncu]i
mmhuﬂmmmmmm )
The pulmontc valve onfice 1n tetralogy of Fallot It must be emphasized
that the loudness of the murmur 1s not an index of the seventy of the sten
osis 1n fact, the most severe lesions, especially when accompamed by con
gestive failure, may have ummpressive Murmurs

Duratson of the murmur ‘The systolic murmur of pulmome stenosis must
end at or before the time of pulmonic valve closure, 1n patients w 1th severe
pulmonic stenosts, the murmur, contnming throughout the whole of nght
ventricular systole, may obscure aortic valve closure

In TETRALOGY OF Farror Pulmonic stenosis with a ventricular septal de
fect 15 usually infundibular, but may be valiular or a combination of the
wo

Site of maximal sntenssty In mfendibular stenosis the systolic murmur
15 heard best at the third and fourth interspaces at the left sternal border,
frequently 1t resembles closely the murmur of ventnicular septal defect At
times it may be difficult to decide whether stenosis 15 valvular, infundibular,
or both

Character of the murmur The murmur 1s stenotic 1 character and dia
mond shaped on the phonocardiogram The apex of the diamond 15 usually
early and the murmur itself begws immediately with the first sound Usu
ally 1t 15 not as loud as the murmur of pulmomnic stenosts with wntact ven
tncular septum  the intensity 1s rarely more than grade 3 and 1t vanes
imversely with the seventy of the lesion Patients who have severe tetralogy
of Fallot may have murmurs of only grade 1 to 21n mtensity , and, of course,
. the st sevete futm putmonary atressa wntk venteicular septal dcfect’
there may be no musmur at all Patents with severe tetralogy who ha\e’

spells of cyanosis and perhaps uncansciousness, m:
ay lose their systol
mur duning the attacks T yetehemur

Duration of the murmur The systalic murmur of tetralogy of Fallot does

Tot continue beyond aortic valve closure, which 15 virtually simulta;
with pulmome closure e
Conduction of the murmur Tt has been stated * that the wideness of trans
l;x;z:: of a murmur 15 due solely to its loudness and that the direction of

OW 15 not ymportant in this regard A form
of tetralogy of Fall

:bser‘\c; of the left mam pulmonary artery has been instructive n :}:‘Wﬂh
pect Tatents with this condition show transmission of the murmur lsvfhe
0 the
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right upper part of the back and to the right mfraclavicular region far better
than to the left upper part of the back or the left infraclavicular region It
15 beheved, therefore, that, although loudness of » murmur 1s the dommant
factor in transmisston, nevertheless, direction of blood flow 15 a sigmificant
contributing factor

PRESYSTOLIC SOUNDS AND MURMURS IN PULMONIC STENOSIS WITH
INTACT VENTRICULAR SEPTUM (F16 181)

In severe cases of pure pulmonic stenosis associited with right ventricular
failure, right atrial hypertension, and possibly a right to left shunt through
a patent foramen ovale, one occasionally encounters an atrial sound (pre
systolic gallop) or an actual presystolic murmur Two possible explinations
are suggested for the ongin of the murmur It may be due (1) to the nght
to left shunt through the patent foramen ovale at the time of atnial systole,
or (2) to flow through a small tricuspid valve, or even through the pulmonic
valve, secondary to forceful atnal systole

Ll t SM [l 1 sM
ot o “+ Ve [y g ]ln‘\

Jdom

smo |4 1
.
* o e

BsM

Fig 181 (2 L1S Log) Systohe and presystolic murmurs togather with & presystolic
gallop in an infant with pure pulmonic stenosis congestive faslure and a nght 4o left shust
through & patent foramen ovale Right ventricular pressure was 180 mm of mercury Noto the
norma fiest sound (1) 007 sec after the onset of the QRS complex the holosystalic diamond
shaped systolic murmur (SM) of medim to high frequency and moderate wtensity the
normal intensity apparently single second sound (2) the loud atrial sound (4) following by
008 sec the onset of the tremendous P waves of the electrocardiogram and the presystol
murmur {PSM) following the fourth sound Art  represents respiratory arfefact

\/DIFI'ERENTI AL DIAGNOSIS

Although 1t 15 relatively easy to be confident of one’s diagnosis 1n severe
valvular pulmonic stenosis with an mntact ventricular septum, and also
many cases of clearcut tetralogy of Fallot nevertheless, there 1s a small
group of cases where the diagnosis can be confirmed only 1t catheterization
ot by selective angiocarcdiography

Differentiation of mild mfundibular pulmonic stenosis from a small ven
tricular septal defect or mild subaortic stenosis may be completely 1mpos
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sible on chimcal grounds \Il may have a coarse, rough systolic murmur
along the left sternal border, and roentgenograms and electrocardiograms
may be within normal Limts n each case Since 1t 15 not Justifiable to cath
etenze these patients who have only muld symptoms, or none at all, it s
Iikely that the diagnosis based on clinteal findings may be wrong

PULMONIC INSUFFICIENCY MURMUR FOLLOWING
PULMOMNARY VALVOTOMY

A pulmomc insufticiency blow may be heard at the pulmonic area follow
1ng the operation of pulmonary valvotomy The most surprising feature 1s
that this murmur 1 not encountered more frequently Even when present,
1t 15 not stniking, and careful auscuitation may be necessary {or its detec
tion Its appearance 1s often delayed after valvotomy, as 1t 1s related to the
development of critical pulmonary artery prescure A pulmonary diastelic
murmur 1nvanably accompantes complete repair of tetralogy of Fallot when
a prosthesis 1s m<erted from the outflow tract of the nght ventricle, across
the pulmonary valve nng and along the trunk of the main pulmonary artery

REFERENCES

Kiellberg § R ‘annheimes £ Rudhe U and Jonsson B Dragnosis of congenital
heart disease Chicago Year Book Publishers 1935 pp 47171
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26 / Idiopathic Pulmonary Insufficiency

During the past five years we have seen 6 patients whom we believe ha
1diopathic pulmonary msufficiency (for examples see figures 182 and 183
Since all are still alive and are completely asymptomatic we do not kno
the underlying pathology All patients have prominent main pulmonary a
tery segments, and catheterization has revealed no abnormalities Dilatatio
of the pulmonary valve ring or defective pulmonic valve cusps are possib!
factors 1n the causation of the murmur

AUSCULTATION

The heart sounds are normal and a pulmomic systolic murmur of shight, o
rarely of moderate, intensity may be present The striking feature of th
examnation 15 a loud grade 3 or 4 medium to high frequency diastolic mur
mur at the pulmonic area, commencing with a normal second sound anc
lasting throughout the greater part of diastole The configuration of th
murmur on the phonocardiogram 1s variable but has a tendency to be de
crescendo

Sounds
|

b

Fig 182 (2 LIS Log) Loud crescendo decrescendo diastehe murmur commencing with
the second valvular companent of the second heart sound in idiopathic pulmonary valve i
sufficiency Note the low intensity first heart sound (1) 008 sec after the anset of the QRS
complex the systolic murmur (SM) of low frequency and very low intensity the second
sound [2) of moderate intensity split by 003 sec and the almost diamond shaped diastolic
ropmur {OM) of medium to high fraquency and very high wntanaity starting with pufmenic
lacure and conhinuing throughout the first three quarters of diastols
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Fig 183 (2 L1S Log ) Loud d astol ¢ murmur w th presystol ¢ accentustion in idiopathic
pulmonary nsuffc sncy Note the low ntens by first haart sound (11 the vary low infensity
seco d sound (2) and the d astel ¢ murmur (DM} of med um frequency and moderate 1n

to sty cont nu g into presystele {PSM)



26/ Idiopathic Pulmonary Insuffiiciency

During the past five years we have seen 6 patients whom we believe have
wdiopathic pulmonary nsufficiency (for examples see figures 182 and 183)
Since all are still alive and are completely asymptomatic we do not hnow
the underlying pathology All patients have pronunent mam pulmonary ar
tery segments, and catheterization has revealed no abnormalittes Dilatation
of the pulmonary valve ring or defective pulmonic valve cusps are possible
factors 1n the causation of the murmur

AUSCULTATION

The heart sounds are normal and a pulmonic systolic murmur of shght, or
rarely of moderate, intensity may be present The strihing feature of the
examnation 1s a loud grade 3 or 4 medium to high frequency dastohc mur
mur at the pulmonic area, commencing with a normal second sound and
lasting throughout the greater part of diastole The configuration of the
murmur on the phonocardiogram 1s variable but has a tendency to be de

crescendo

il
[}

Fig 182 {2 L1S Log) Loud crescendo decrescendo drastalic murmur commencing with
the second valvular component of the second heart sound 1n 1diopathic pulmonary valve in
sufficrency Noto the low intensity €rst heart sound (1) 008 sec after the onset of the QRS
complex the systolic murmur (SM) of low frequency and very low intensity the second
cound (2] of moderate intensity splt by 003 sec and the almast diamend shaped diastolic
murmur (DM] of medim to high frequancy and very high intansity starhng with pulmomc
» and continuing throughout the first thres quarfers of diastole

closur
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TRICUSPID ATRESTA

Fig 184 (40115 Log ) The inugnfcant systol ¢ murmy encountered 1n about half :;6 our
p tenttwtht cuspd ot esa Note he narrow Fest sound {13 of normal intens ty 007 sec
Wfter the onset of th ORS complex the decrescendo systohic murm ¢ (5M} of low Inteas ty
and m dum § squs ¢y sccupy ng the fest half of systole and the 5 agle second sound (2}

T\CREASED TULMONARY BLOOD FLOW

Patients who have tricuspid atresia and increased pulmonary blood flow
usually have a good pulmonary outflow tract and a hypoplastic aortic out

flow tract Ventricular septal defects or transposition of the great vessels
are the most commonly associated lesions

AUSCULTATION

Sounps The first sound 1s single, of normal intensity, and loudest at the

apex The second sound at the second left interspace 1s usually single, but
1t may be of normal or even act ] Oct 1l

hest at the lower left sternal border

, it 1s heard

“MurMurs  As with the previous group, the murmurs are usually at the

lower left sternal border are systolic in timing and do not appear significant
mn at least hal{ of the patients

Wisd diastolic and Presystolic Murmurs (Fig 185) ‘hid diastolic and
presy stolic myrmurs are exceedingly rare with tricuspid atresta, but we have
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27 / Tricuspid Atresia

Tricuspid atresin should be suspected tn all cyanotic children 1n whom the
electrocirdiogram shows left aus deviation and left ventricular domunance
or hypertrophy A thorough knowledge of the vinous lesions commonly
associated with tricuspid atresia and the accompanying murmurs mahes it
possible to predict better the natonic arrangement 1n any gien patient

Tricuspid atresia itself produces no particular altcrations mn the heart
murmurs or sounds except, of course, that there 1s no contribution to the
first sound from tricuspid valve closure All departures from normal 1n 1us
cultation re due to associated lesions, but, even in spite of these, 1t must be
stressed that many patients with tricuspid atresia do not have sigmficant
murmurs, in fact, i our series of over 50 pattents with proved tricusprd
atresi1, 1lmost half had only grade 1 or 2 left sternal border systolic
murmurs

Tor our purposes, tricusptd atresia 1s best discussed under two main head
mgs (1) with dininished pulmonary blood flow, and (2) with ncreased
pulmonary blood flow

DIMINISHED PULMONARY BLOOD FLOW

Patients who have tricuspid atresia and diminished pulmonary blood flow
almost always have an 1ssoctated ventricular septal defect, a good aortic
outflow tract, and a hypoplistic pulmonary outflow tract

AvuscurtaTioN (F1c 184)

Sounps The first heart sound 1s single, of normal mtensity, and loudest
at the apet The second sound 15 smgle 1s usually dinmshed at the upper
left sternal border, and 1s loudest at the lower left sternal border Atrial
sounds m1y be heard in those patients with 1 small patent forimen ovale
and incrensed right atrial pressure

MurMURS Systolic murmurs are encountered 1n almost 11l patients In
50 per cent, the murmur 1s only grade 1 or 2 and 1s not remarhable, but in
the remainder 1t may be grade 5 or 4 and 1s holosystolic Presumably this
murmur 15 due to flow across the ventricular defect Stenotic pulmonic sys
tolic murmurs associated with the hypoplastic pulmonary outflow tract are

extremely rare
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28 / Ebsten s Anomaly

Dunng the past siv years S have examned clinteally 16 patients w ith
Ebstern s anomaly and hase obtaned phonocardiograms on 10 of the 16

“The auscultatory and phonocardiographic signs, while not dhagnostic, are
farrly consistent and certamly suggest the diagnosis (Fig 187)

AUSCULTATION
FIRST 50UND

The first sound 15 markedly delayed 1n relation to the QRS cowmplex which
usually shows night bundle branch block It 15 normal or diminished 1
tensity
SEcaND SQuUND

‘The second sound 18 heard best at the lower left sternal border or the apex

ard 15 defiontely & hed at the pul area In spite of the marked
degree of nght bundle branch block, the second sound at the pulmonic area

was narrowly sphitin half of our patients and &id not appeay 1o be spht at all
1n 3 others

TRIRL SOUND

A prominent third sound was present 1n afl patients

Fourtit S0UND

Occasionally a fourth sound was present, but 1t was often mashed by a
presy stahe murmur

SYSTOLIC MURMUR

Every one of our patients had a systolic murmur of moderate ntensity
and medwum frequency, erther decrescendo or crescendo decrescendo 1n con
figuration, which was best recorded at the mud or lower left sternal border
PRLSISTOLIC WURMUR

rE‘\ ety one of ous patients had a presystolic murmur which, because of the
prolonged P R 1nterval and the delayed first sound was not crescendo
39
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encountered them 1n 10 per cent proved cases In two of these there was the
rather uncommon anttomic arrangement of transposition of the great ves
scls associated with 1 ventricular septal defect and an excessive pulmonary
outflow tract, together with a normal sized aortic outflow tract

Continuous murmurs were not encountered 1n any cases, despite the occa
sional presence of a small patent ductus arteriosus Of course, successful
shunt operations result 1n the occurrence of typical continuous machinery
murmurs (Fig 186)
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Fig 186 (2 L1S Llog) Cent murmur \ng after shunt op for tncuspid
atresia Note the normal intansity first sound {1} 010 sec after the onset of the QRS com
plex the sscand sound (2} not clearly dishnguishable and the cont systohc drastolic
murmur (SM DM)  maximum until about the time of the second sound and decrescendo
throughout diastole This murmur « of high frequency and high intensity during systole but
the intensity dimimishes gradually throughout diastole




EBSTEINS ANOMALY m

wave The second sound was dimimshed mn intensity at the pulmonic area
and was either narrow or normally spht There was always a systolic mur
mur at the mid left sternal border and a presystolic murmur without cre
scendo at the lower left sternal border Apical mid-diastolic murmurs were
recorded occasionally, and at times extended 1nto presystole
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Fig 187 {Mid LS8 Log with slectrotardiogram and apex cardiogram} The mid diastohe
presystolic murmur of Ebstein s anomaly Note the marked right bundle branch block and
broad P wave in the elsctrocardiogram the normal first (1) and second {2) heart sounds
the crescendo decrascendo systolic musrmur [SM) and the diastolic presystolic murmur (PSM}
of medium frequency and moderate intensity starhing with accentuated vibratians which may
represent & third heart sound

quality In some patients this murmur was comparatively ntense and had
a “scratchy” quality on auscultation

MID DIASTOLIC MURMUR AT THE APEX

Mid diastolic murmurs at the apex were not encountered frequently If
present, they were of low sntensity and medium to low frequency, and some
times continued 1nto presystole, but were not crescendic

SUMMARY
These patients had triple or quadruple rhythm at a relatively slow rate
The first sound was normal n intensity but delayed in relation to the Q
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Fig 189 [Apex Log ) Atrial Autter a d d sitole muem ¢ n o docard al Fbro elastos s
Note the presence of atrial flutte waves (f) on the electrocard ogram the very loud fest
beart sound 111 a d the loud second sound (2] the systol ¢ marmur (SM) of low fraquency

8 fow miens by td the d astale murma (DM) of low freque cy and med um intens by
sarly in d astole

Endocardial fibro elastosis may be encountered dunng early infancy or,
less commonly, 1n later Uife It 1s probably fair to say that af there 15 no
history suggesting 1nfectious myocarditts ot paroxysmal tachycardia and af
left to nght shunts, hypertension, coarctation of the aorta, anemia, and
aortic stenosis can be excluded, then, 1n acyanotic children beyond the age
of 6 months who have cardiomegaly and congestive failure, endocardial
fibro elastosis 15 the mast hikely diagnosis

“Many of these patients have normal or quiet heart <ounds, occasionally
with 2 protodiastolic gallop, and no significant murmurs, however, there
are other patients who hase severe v olyement of the mitral valve and who
may have loud apical systolic muid drastolic, or presystolic murmurs (Figs
188 and 189) Frequently one encounters an association of coarctation of
the aorta aortic stenosis and mitral valve iy olvement with the appropnate
murmurs Recently we saw a 16 month old boy with severe coarctation of
the aorta 4 tremendously enlarged heart, congestive heart failure, and
ventricular bypertrophy We made a clinical diagnosis of coarctation of the

aorta with endocardial fibro elastosis mvolving especially the left ventricle
or the mutral valve At postmortem ton there was ¢ derable
involvement of the left atrium, and above the mutral valve there was a ar

cular ndge of elastic tissue causing phy siologic stenosis of the mitral onfice




29 / Myocardial Disease

Usually, myocardial lesions in children fall into one of four main groups

1 Infectious myocarditis (diphthentic or viral myocarditis) Probably many of the so
called “ediopathic” types of myocarditis will ultimately be mcluded i this group

2 Metabolic myocardial lesions (glycogen storage disease of the heart)

3 Anatomue structural anomalies (anomalous origin of the left coronary artery from
the pulmonary artery)

4 Myocardial lesions of unknown etiology (endocardial fibro elastosis)

Patients who have the left coronary artery ansing from the pulmonary
artery or who have glycogen storage disease of the heart or medial necrosts
of the coronary artenies usuilly do not survive beyond the first few months
of ife The heart sounds are normal i mtensity, and an apical third sound
may be present If the rate 1s sufficiently rapid, these three sounds may give
the effect of a protodiastolic gallop
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Fig 188 (Apex Log } Systolic and mid and late diastolic murmurs in a 4 month old boy
with endocardial fibro elastosis Postmorten

showed some

t of the left

veniricle but considerable involvement of the mitral valve with the leaflets fixed so that
there was both severa mutral stenosis and some degree of incompetence There was consider

able left atrial enlarg t shown fly and at pos Note
the P mutrale in the electr gy the mod. ly foud first sound (1) 006 sec after
the onset of the Q@ wave of the slect diog the moderately intense second sound (2 2!

split by 004 sec with the second part of the split more intense than the first the systolic
murmur (SM] of moderats infensity end medium frequency and the mud diastolic prasystolic
murmur (PSM) of very high intensity and medium frequency
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30 / Arrhythmias

Y arations from normal 1n cardiac thvthms are diagnosed much more
accurately by the electrocardiogram than by any other method, our reasr:in
for including a chapter on the effect of varipus arrhythmias on heart sounds
and murmurs 1s not because of any diagnostic tnumphs we may hope to
achieve but rather to emphasize certain interesting points and to mention
some simple bedside tests which may faciintate the thagnosts by auscultation

NORVAL SINUS RHYTHM

ost children and adults with apparently nermal hearts have resung
heast rates varymng between 60 and 100 beats per minute The rhythm 1s
basweally regular

Two heart sounds myvaniably accompany each normal cardiac cycle The
first sound 15 caused principally by closure of the atnoventneular vahes,
and the second sound principally by closure of the semilunar valves In
normal adults the first sound at the apex 1s almost always louder than the

second sound at the apex but this statement does not apply 1n more than
0 per cent of chuildren

SINUS ARRHYTHMIA

Sinus arrhythma may be of several vaneties, but the most common 1s
characterized by changes m the length of the cardiac cycle occurning with
respiration The heart rate tends to increase during early mspration, as
vagal tone dimimishes, and slows during expuration, as vagal tone increases

$imus arrhythma 1s 2 normat finding 1n children and young adults but 1s
encountered less commonly 10 older persons It 15 easily diagnosed by aus
cultation as the phasic vanation 1n heart rate 15 typeal Occasionally 1n
older persons with slow rates the wregulanty may be less charactenstic and
may be difncult to differentiate from that of atrial fibnillaten or second
degree heart block Exercise, the admmmstration of atropine, ot the devel
opment of fever mcreases the heart sate and abolishes sinug :;rrh thy .

“Nommally, the depolanzation impulse ongmnates in the sino yt mlla d
2\5 a\&ansnu;s whroughout the heart, both the atna and the \e:t::lesn ‘;ri

N
y wvolved and the P R mtens 211 7|s constant The arrhythmia 15 due to
—






30 / Arrhythmias

Y anations from normal 1n cardiac thythms are diagnosed much mor¢
accurately by the electrocardiogram than by any other method, our rcaso‘n
for including a chapter on the efiect of vanous arthythmias on heart <ounds
and murmurs 1s not because of any diagnostic triumphs ne may hope to
achieve but rather to emphastze certan Imteresting pownts and to mention
some simple bedside tests which may facilitate the diagnosis by auscultation

\ORMAL SINUS RHYTHM

Most children and adults with apparently mormal hearts have resting
heart rates varying between 60 and 100 beats per munute The rhythm 15
basically regular

Two heart sounds mmvanably accompany each normal cardhac cycle The
first sound 15 caused puncipally by closure of the atnoventricular valves,
and the second sound principally by closure of the semilunar valies Tn
normal adults the first sound at the apex 1s almost always louder than the

second sound at the apex, but this statement does not apply 1n more than
30 per cent of chuldren

SINUS ARRHEYTHMIA

Sinus arrhythmia may be of several vaneties, but the most common ts
characterized by changes in the length of the cardiac cycle occurring with
respiration The heart rate tends to wincrease during early mspiration, as
vagal tone dimmshes and slows duning expiration, as vagal tone increases

Sinus arrhythma ts a normal finding in children and young adults but 15
encountered less commonly 1n older persons It 15 easily diagnosed by aus
cultation, as the phasic vanation 1n heart rate 1s typical Occaswonally
older persons with slow rates, the irregulanty may be less charactensua{md
may be difficult to differentiate from that of atnial fbnilation ot d
degree heart bloch Exercise, the admimstration of atroprne, or th el
opment of feyer increases the heart rate and abohishes : ¢ devel

Normall sinus archy thoya

y, the depolanzation impule ongmates m th
and transmits throughout the heart both the at the veng Tode
equally involved and the P R mten:ﬂ 15 o pnd the sentrcle are
constant The arrhythnua 1s dye to

ate
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varitions n vagal tone resulting principally from stimulation of pulmonary
branches of the vigus nerve Drugs which increase vagal tone tend to pro
duce or to accentuate simus rrhythmin Digitalis 1s most mportant 1 this
regard

SINUS BRADYCARDIA

By defimtion, sinus bradycardia implies a heart rite of fewer than 60
beats per minute, 1 normal persons the rate may drop to the low 40's
without any 1ll effects Many well trained athletes have heart rates in the
range of 45 to 55 beats per minute, but as age increases and physical fitness
declines, the rate may increase to the accepted normal range

Levine and Harvey ! reported a case of sius bradycardia m which the
heart rate of a completely healthy person without heart disease was 33 beats
per minute Lven at this slow rate careful measurement of the P R mntervals
by electrocardiogram may show sinus arrhythmia, but 1t 1s obvious that
mterpretation of the respiratory effect will be more difficult when there are
only 2 or 3 cardiac beats with each respiratory cycle

Although the ventricular rate can be easily counted by precordial auscul
tation, 1t 1s imperative that a confirmatory electrocardiogram be taken to
avoid overlooking heart bloch from various causes Careful chinical exam
nation of all patients with sinus bradycardia 1s essential, as the possible
causative diseases are many

Because of the large stroke volume necessary to maintaimn a normal cardiac
output at 1 reduced heart rate, a vigorous pulsation may accompany certain
of these disorders, and 1f such 1s the case, there may be accentuation of the
first heart sound In other disorders, such as myxedema, the sounds may be
dimmnished 1n antensity A low intensity third sound 1s often noted, and
there may be a basal systolic murmur secondary to the increased strohe
volume

SINUS TACHYCARDIA

In sinus tachycardia the heart rate is between 100 and 150 beats per
minute, with a normal smus otgn for the cardiac impulse and normal con
duction throughout the conducting system

The mtensity of the heart sounds varies with the cause of the tachycardia,
they may be weak following hemorrhage, or loud following severe exercise
Auscultation rarely gives a clue to the underlying disease, but, conversely,
a hnowledge of the underlying disease may well explan the quality of the
heart sounds

The shortening of diastole with the development of tachycarda frequently
makes 1t difficult to distinguish the first from the second heart sound, but
careful auscultation over the pulmonic area often permuts 1dentification of
the sharper quality of the second sound The shortening of diastole with the
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increase in rate also favors the production of a summation gallop, especially
1 1s prolonged

! }ll“‘lsepdlx{ﬁ::;::u;npbelwein normal sinus tachycardia and tnch)car‘dm

due to some abnormal mechamism <hould always be confirmed byd an v; ecs

trocardiogram  Although 1t 15 usually true that sinus tachycardia sl n‘\\r

geadually whereas abnormal tachy cardias cease suddenly or 1n an irregula

soanner, this 15 not always the case

SINUS PAUSES OR SINUS ARREST

Thete may be complete dropping of one or several beats due to failure ol
the <wnus node to discharge No electrocardiographic P wase results and no
QRS fallows 1 uts normal sequence This 1s really a form of cardiac arrest
and may persist for one or several beats Chmeslly, the patient mav com
phan of the shapping of a beat or true Stokes Adams attacks may result

Auscultation 15 remarkable only 1n that there 15 complete disappearance
of all heart sounds during the period of cardiac atrest and the first sound
of the succeeding notmal beat may be considerably accentuated

Sinus patse or sinus arrest also may occur secondary to digitalis toxicity
1t the presence of complete heart block when the \entricles continue to beat
narmally even though thete may be periods of atrial standstill

HEART BLOCh

All forws of heart block mav be temporary, tnterauttent, or permanent,
and any one form may change 1nto another or 1nto normal sinus thy thm

PARTIAL HEART BLOCK

Our discussion of partial block will be concerned principally with heart
block associated with sinus thythm but it should be understood that a sim
Mar delay in transmussion of the impulse thiough the atnoyentricular node
may occur with ectopic atnial pacemalers or with atnal flutter

Partial attioventricular black 15 commonly divided into two mam types
—first and second degree hlock. In fiyst degree block, there 15 abnormal pro
longation of the P R nterial, but each atmal smpulse 15 followed by a ven
trcular contraction In second degree block there ate more atnal than

ventrnicular contractions over a gven
period but the ventricular contracuor
are stmulated by the atrial pacemaher v

. f{msr DRGREE BLOCK The tables of Ashman and Hull gne the ranges of

o ouélenah for different heart rates prolongation of the P R intenial

of)(h: I:k;se ;mrm;al[s co:smuies fiest degree heart block The av erage range
wterval for heart

from 012 t g tates between 60 and 100 beats per munute 1s

{1
scultation Tn some patients with a profongation of the P R ntenal
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variations in vagal tone resulting principally from stimulation of pulmonary
branches of the vagus nerve Drugs which mncrease vagal tone tend to pro
duce or to accentuate sinus trrhythmia Digitalis 15 most mmportant m this
regard

SINUS BRADYCARDIA

By defimtion, stnus bradycardia implies a heart rate of fewer than 60
beats per minute, 1n normal persons the rate may drop to the low 40’s
without any 1ll effects Many well trained athletes have heart rates n the
range of 45 to 55 beats per minute, but as age increases and physical fitness
dechnes, the rate may increase to the accepted normnl range

Levine and Harvey ! reported 1 case of sinus bradycardia in which the
heart rate of a completely healthy person without heart disease was 33 beats
per minute Lven at this slow rate careful measurement of the I’ R intervals
by electrocardiogram may show sinus arrhythnua, but 1t 1s obvious that
terpretation of the respiratory effect will be more difficult when there are
only 2 or 3 cardiac beats with each respiratory cycle

Although the ventricular rate can be easily counted by precordial auscul
tation, 1t 1s imperative that a confirmatory electrocardiogram be taken to
avoid overlooking heart block from various causes Careful clinical examt
nation of all patients with sinus bradycardia 1s essential, as the possible
causative diseases are miny

Because of the large strohe volume necessary to muntun a normal cardiac
output at a reduced heart rate, a vigorous pulsation may accompany certain
of these disorders, and 1f such 1s the case, there may be accentuation of the
first heart sound In other disorders, such as myxedema, the sounds may be
dimmished 1 mtensity A low mtensity third sound 1s often noted, and
there may be a basal systohic murmur secondary to the increased stroke
solume

SINUS TACHYCARDIA

In sinus tachycardia the heart rate 1s between 100 and 150 beats per
minute, with a normal sinus origin for the cardiac impulse and normal con
duction throughout the conducting system

The ntensity of the heart sounds varies with the cause of the tachycardia,
they may be weak following hemorrhage, or loud following severe exercise
Auscultation rarely gives a clue to the underlying disease, but, conversely,
a hnowledge of the underlying disease may well explun the quality of the
heart sounds

The shortemng of diastole with the desvelopment of tachycardia frequently
makes 1t difficult to distingwish the first from the second heart sound, but
careful auscultation over the pulmonic area often permits identification of
the sharper quality of the second sound The shortening of diastole with the
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\ncrease 1o the P R nteral from cycle to cycle, unbl finally the P wavets
not followed by a QRS complex The cyele then begins agam and 15 repeated
The dropped ventricular complex may occur after 3, 4, 5, 6, or more beats
and the number of complexes preceding a dropped beat ts not necessarily
constant Less frequently encountered 1s the Moebius tvpe of second degree
block, where the prolongation of the P R wnterval 1s constant, but occasion

ally the P wave 1s not followed by 2 QRS complex In each of these mecha

mistms the dropped beat 1s due to the fact that the [ wave falls into the re

fractory period of the atnoventnicufar nodal conduction tissue, and the im

pulse fails to conduct

A third type of <econd degree heart bloch 1> <ometimes seen 1n cases of
paroxysmal atnal tachycardia secondary to diptahs touaty There may be
on)y one yenincular response to two or more atrial contractions A similar
form of block 15 seen with atnal flutter and less commonly, with a normal
sinus pacemaker (Fig 190)

Auscultotion On auscultation, in all forms of <econd degree block with a
regular ventncular response the effect on the intensity of the first heart
sound depends on 1he P R terval of the conducted beat and the duration
of the preceding diastole Addstronal diastolic <ounds may occur and, tf <o
are sumlar to those occurning with complete heart block Summation gallop,
presystolic gallops, or atrial sounds occurnng at regular antenals through
out the diastolic pause may be encountered also

In most of the cases in which the Luciant W enchebach phenomenon (Figs

191 192 and 193) 1» mvolved there 15 hittle to be gleaned from auscultation,
but certain possibilities are obvious

1 As the P R interval increases from cycle to ycle there may be a corresponding
dimnution 1n the mtensaty of the first heart <ound untyl finally a beat 15 dropped

Fq 9T (Ap Log)An
buchs phenom on Nat h
bong ol 4 lyq

ample of ¢ha g g
tom ndous ch go
¥ onthef shcompl whar the PR

2cce tuet d nth se ond cycle whers ok.';’ el gy 0401, 10 be g ma becly
mumor (SM) of low

te sty of the £ st heart sound 1n Wencke
» intestdy of the st sound (1) from

l ! 199 ach P wa o the ¢ 13 & low nhans ty med um
dastols nth fasttwo Thams m 1 4 n d astol ¢ mu mur occurs 022 sec
+ nsdy of the £ ot d gstol ur o 0



320 HEART SOUNDS AND MURMURS

the first heart sound 15 dimmished 1n mtensity This dimmution probably
results from the fact that the atrioventricular valve leaflets have floated up
to an almost completely closed position prior to the onset of ventricular
contraction

Sometimes in these patients the phonocardiogram may reveal a diminution
mn the intensity and frequency of the vibrations preceding the atrioventric
ular valvular component of the first heart sound It 15 not beheved that the
lessening of these vibrations plays any part m the dimmished mntensity of
the first heart sound At this time 1t 15 worth noting that vibrations preced
1ng the atrioventricular valve closure may be present in patients with atrial
fibrillation, suggesting that atnial contraction alone 1s not responsible for
them

The second heart sound 1s not altered i first degree bloch, but additional
diastolic sounds may be heard, depending on the length of diastole and the
length of the P R interval Atnial sounds may be heard individually, or 2
summation gallop may result from accentuation of a normal third heart
sound by atrial systole

In patients with mitral presystolic murmurs, an increase n the PR n
terval causes the murmur to shift back from the first sound and to occur
late 1n diastole rather than in presystole, gtving a late diastolic crescendo
decrescendo effect Occastonally, atnal systolic murmurs occur 1n patients
with slow heart rates and first degree block, but with no obvious disease of
the mitral valve

SECOND DEGREE BLoch Depending on the ventricular response to the
atrial pacemaher, second degree block may be associated with a regular or
an 1regular ventricular rhythm and with a normal or a slow ventricular rate
If associated with supraventrnicular tachycardia or atmal flutter, the ven
tricular rate may be faster than normal Perhaps the best known form of
second degree block 15 the Wenchebach type, where there 1s a progressive
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Fig 190 {Apex Steth) Atnal conprachions cousing presystolic systohic and disstohic
sounds in 3 | heart block Note the normal intansity first sound (1) 005 sec after the onset
of the QRS complex the normal second sound (2) and atrial sounds (4} following each P
wave A low frequency vibration commences with the peak of the P wave and the maximel
wibrafions occar 0 12 sac after the onset of the P These atnial sounds are seen during the lats
part of systale mid dastole and presystole They are less intense during ventricular systole

than during ventricular diastole
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Fig 194 (Apex Log } Complate heart block thawing var f ons in infens ty of the haert
sounds depend ng on th Tmag of staal ystole Note that the fint sound (1) registered in
the Frst complex s loud and follows @ P R st ol at appeo mately 048 50 In tha second
cycle the first sou d 1 relat ely normal and the € R teceal 15 037 sec

The seco d tound 121 isTo d  all

| cyclas and alihough s intens ty doet not vary greatly
tusl udest

the £ sta dthed ecord ngs when the prak of the P wa grecedes it by 005
ste It 5 51 ghily less inte so in the second cycle when the pesk of the P wave precedes
1t by 010 sec

All the d astel ¢ sou ds ha # baen fab led 4 oa the assumpt on that fhey are covsed
P ne pally by ab a2l systole The £st twa labaled 4 and the last sound labeled 4 occur
arly in d astole and a4 y geeatly in intens ty The peaks of the Fest and lart P wa s oceur
appro mat ly 0 Q5 sec b fore the second sounds 1n these cycles nd may aud euely d astel ¢
Hling The p ak of th second P we  occu s D10 see befors the 1aco d yourd and atrial
systol probably occu s du v g the late part of venteicular systole 1o th s cycle This would
stco t for the d m nshed intensity of the aarly diastol ¢ sound t4) which hows or 3
v obably a tue thrd sou d

F llowng the th d P wa o 15 2 w dely 1pl  sound (4) spl by 009 sec occurring lon
d astole 115 poss ble b t by no means co tan th # the Frst part of ths spl 1 aceurr ng DO
sec  fter the pesk of the P wa o ¢ presents at al cont acton and th + the second part i
croated in the vent tcular chamber o ther by the vent iculsr musely or by the etr o entricular
val es A futher poss blty 5 that th two components spreseat £ st ¢ ght and then the
st at alco tracto s
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Fig 192 (Apex Log ) Vanations in heart sound with alterations of P R interval Note the
first sound (1) of low sntensity in the first cycle and of moderate intensity in the second
cycle The first PR interval 15 0 40 sec and the second 15 0 44 sec The second sound (2} s
normal in infensify in bath cycles The fourth sound (4) in the first cycle occurs 022 sec affer
the onset of the P wave A summation gallop {SG) occurs early In diastols following the
first complete complex This sound occurs 0 14 sec after the peak of the P wave and is almost
certainly due to early diastolic ventnicular filling accelerated by atrial systole

DM
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Fig 193 {4 LS Log) Wenckebachs phenomenon showing the effect of the length of
diastole on a disstolic murmur The rhythm 15 an example of Wenckebach s phenomenon with
every third beat dropped There 15 a normal intensity first sound (1) 0 08 sec after the onset
of the QRS complex and also a normal intensity second sound (2) Note the high fraquency
diastolic murmur (DM) This murmur 1s of high intensity sarly 1n diastole and tn the long
cycles 1t 13 decrascendo thraugh to the succesding first sound in the short cycles the murmur
15 of high intensity throughout diastols

2 If the atrial contraction 1s audible one may encounter successively a presystolic
mesodiastolic protodastolic or t summatton gallop

COMPLETE OR THIRD DFGREE ATRIOVINTRICULAR BLOCK

In complete or third degree atrioventricular block (Iigs 194, 195, and
196), the atria and the ventricles 1re controlled by completely independ
ent pacemahers The atrin are commonly actinated from the sinus node
and beat at 1 rate of 70 to 80 beats per mnute, showing normal sinus ar
rhythmia Occaswonally atrial flutter or atnal fibrillation m1y be present
The ventricles are usually controlled by 2 pacemaker i the 1trioventriculir
node or 1n the upper portions of the bundle of His, and they beat at 1 rate
of 30 to 50 beats per minute, occasionally dropping to 15 and rarely exceed



323
ARRHYTIROAS

Probably

Possibly
Possibly Summation
Summation Gatiop
Galtop

il
it SR

Fig 198 (Apox Log) Complate heart block show g vanat ans a afenuily of he heart
tounds dep nd ng on the 1 m ng of ats sl systale Note that the F st sound (1) reg stered in
tha Erst eamplex s loud and follows & P R anferval at apgeox mately 048 1o¢ In the second
cycle the first s0 nd 5 lae aly notmal ond the 7 R antes al 15 037 goc

The second sound (2] 8 loud n all cycles and although sty sntens ty doas not vary greatly
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approximst Iy 005 sec befo o the second sounds in th e cycles and may 4 d sarly d astol ¢
§lng The pesk of th seco d P wa « occu s 010 sec befo # the second sound and ateuel
wyitole probably oce 5 @ 1 g the fate part of vertncwlar sytal ¥y tysty Tha wo 14
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Fig 196 (Apex Log) Complete atrioveninicular dissociation The atrial rate was 80
beats per minute and the ventricular rate 110 These tracings show some of the effects of
varying time relations of the P waves and the QRS complexes on the first sound and on systole

Upper tracing In the first complex the P R interval equals 020 sec A few low intensity
low frequency vibrations are present and the first sound consists of a narcow low intensity
vibration 0 04 sec after the onset of the @ wave ln the second complex the P wave falls just
after the QRS complex the first sound 1s of normal intensity © 04 sec after the onset of the
© wave and 1s followed by a group of low infensity low frequency vibrations (4) giving s

systolic pseudosplitting of the first sound
Lower tracing In the first complex the P wave falls on the ascending hmb of the R wave

and the first sound 15 of normal intensity with systole being quiet In the second complex
the P waye falls 1 mid systole causing a series of low frequency low infenuity systolic
vibrations (4) resembling a low infensity systolie murmue

ing 75, although we have one child with a rate of 120 beats per minute (g
197) In most nstances, the duration of the QRS complex 1s normal, but if
an 1dioventricular focus exists or 1f there 1s bundle branch block, the QRS
duration will be lengthened

Auscurtarion Considerable vanation in the intensity of the heart sounds
can usually be detected on routine auscultation, but phonocardiograms, to
gether with reference tracings (electracardiogram and venous pulse tracing)
are essential for the appreciation of lesser changes n intensity, varnbility
1n configuration, and the relationship of these observations to the timing of
atrial and ventricular systole

First Heart Sound The first sound may vary mn ntensity from cycle to
cycle, or 1t may be of constant intensity for several cycles and then appear
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hig 197 (ECG) Complate heart Plock The a1 sel sata was 200 beats por minute and
the enbuc lar rate 120

«plit or markedly accentuated In general, 1t may be stated that if atnal
systole precedes ventncular systole by a normal intersal (P R, 010 t0o 020
sec ), the first sound will be of normal intensity  1f the P R interval 1s be
tween 0 20 and 0 30 sec , the first sound will dimimish whereas 1f the PR
mterval 16 more than 0 30 sec or less than @ 12 sec, the first sound will be
accentuated
1 Bruit de canon In patients i whom atrial systole comeides with, or
immedsately precedes, the onset of ventrcular systole, an eviremely foud
sound may resalt This sound was first desenbed by Straschesho ® in 1906
and guen the name of * bruit de canon * Clarac and Tezz1,! 1n 1913, sus
pected the salvular ongin of this accentuated sound
According 10 Lian and Bergamo,? the essential factor for the production of
the canon sound s the firm fixation of the atrioventnicular fibrous ning a
ngidity which permuts the atrioventricular valves to be firmly held betwcen
the chordae and the papillary muscles, on the one hand and their point of
fixation on the other When the fibrous ring 1s not sufticiently fixed and the
valves are relaxed less rapid and less frequent vibrations result When the
P Rnterval 5 of normal duration the fixity of the atnoventneular ring 15
sufficient 1o mve a distinet sound neither accentuated nor dimimished 1If the
P Ranterval 1s short or 1f the P and the R waves comnaide, both atrial and
ventricwlar systole will comaide with a greater fixtty of the atrioventnicular
nng The same result will occur 1f the P wave immedately fallons the R
wate It 1s assumed that when the P R mterval 1s greatly prolonged the
relaxed atrium will have had time to refill and so add to the firm fixiy of

the atnoventsicular ning This Jast statement 1s much less ¢
the others

onvinieing than
Thonocardiograms of the first sound 1n com,

plete heart block show ob
chanlges (;vhen a canon sound 1s produced There 13 a marl.ed merease ;nl:;lxs
amplitude and frequency of the wibrations, as well as n the duration of th:

.
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entire sound A study of the imtial vibrations of the first sound (often called
the atnial vibrations) from beat to beat shows hittle change, irrespective of
the P-R 1nterval This suggests that these vibrations are certanly not en
tirely due to atrial systole Duchosal © described a2 “double canon sound”
1 patient with bundle branch block and complete atrioventricular block It
1s assumed that this was due to separate sounds being formed at the asyn
chronous mitral and tricuspd valves

2 Pscudosplitting of the first sound When atrial systole occurs just be
fore or just after the onset of sentricular systole, apparent splitting of the
first sound mav occur If atrial systole precedes the true first sound, a pre
systolic pseudosplitting may occur, whereas 1f an 1udible atrial sound 1m
mediately follows the first sound, systohc pseudosphitting results

The differentiation of pseudosplitting of the first sound from true splitting
can be made casily on auscultaition True sphtting 1s independent of atrial
systole and the P R 1nterval and 1s consistent from beat to beat In contrast,
pseudosplitting occurs only when the DP-R interval 1s short, therefore 1t
occurs only occasionally

3 Diagnostic clues The vanable ntensity and splitting of the first <ound
may be helpful diagnostically when the ventricular rate 1s normal Normally,
patients with ventricular rates of 60 to 70 beats per mnute would not be
suspected of having complete atrioventricular bloch, 1nd alterations in the
intensity, and less commonly the presence of intermuttent pseudosplitting of
the first sound may be the only clues on quscultation In contrast to this, a
normnl first sound may be quite misleading in patients with atral fibnillation
and complete bloch This 1s encountered fairly frequently in patients who
have received prolonged digitalis therapy here the intensity and sphtting
of the first sound do not vary from beat to beat

Second keart sound The second sound in complete 1trioventricular block
does not show the same dramatic changes mn intensity as are noted m the
first sound, but occasionally 1t may be considerably accentuated Pseudo
sphitting of the second sound may occur and may be either systolic or pro
todiastolic, n cither case, the splitting 15 intermuttent, depending on the
timing of atrial systole

In 1937 Calo? pomnted out that mechamcal systole 1s prolonged m com
plete atrioventricular block 1n that the second sound 1s delayed 1 relation
t0 the onsct of the QRS compler He also noted that electrical activity of
the ventricles 1s greatly prolonged and i fact the second sound occurs
unusually early mn relation to the end of the T wive These observations
were confirmed by Lian, Marchal and Welty,* 1n 1938

Third Heart Sound Apical third heart sounds varying i mtensity from
beat to beat are usutlly encountered 1n patients who have complete atrio
ventricular block The intensity of the third sound varies from complete
absence to 1 Toud sound 1n those cases where the normal early rapid ventric
ular filling 15 assisted by atral systole, and a summation gallop results
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ftrral Sounds In complete heart bloch atpal <ounds may be heard
{hroushout the entire cardiac cvcle The sounds m3y be relatsddy constant
1n miensity, although they are usually touder sn diwstole than in systole,
they may be louder in early thanin Tate diastole or thes may be heard only
at the tme of the expected pormal third cound, when a summation of effects
may occur

The sounds are heard best at the apical and wphoud regons, they are
frequently Tow an intensity and have a somewhat distant quality (the “sys
toles en echo of Huchard) ® Since there 1 no constant relationshup between
the atrial and ventricular contrachions from eycle to evele, the imeng of the
atnial sounds 1 relation to the first and second heart sounds vanes, and a
summation gallop 1f present, occurs mtermittently, Just as does the * bruit
de canon’ of the first sound

Atnial sounds may be heard over the great veins of the neck, as noted by
Josue and Godlewshy ™ 1n 1912, and can constantly be recorded mn the
esophagus

1 During entricnlar drastole As a general rule, atrial sounds or murmurs
occurnng 1n complete heart block are more intense duning the early part of
diastole than during the latter patt This fact 15 explained by the greater
blood flow into the ventricular cauity early 1n diastole and the lesseming of
the flow late 1n diastole, when the ventnicular chamber has already filled
Although this reasoning seems <atisfactory, it 1s not always 1n accordance
with the observed facts sometimes loud atrial sounds occur late 1n diastole

Tracings tahen over the left atnum by intra-esophageal recording meth
ods and in the night atrium and the nght ventricle using a cardiac catheter
reveal three groups of vibrations ascoctated with atnal contractions recorded
during ventnicular diastole

The first group appears 004 to 006 scc after the onset of the I wave
the second group from 006 to 015 sec after the onsct of the P wave and
the third group from 0 15 to 0 20 sec after the onset of the P wave (that 15
after the completion of atnal systole)

The first group usually appears during atrial systole and 1s recorded best
by a night atrial catheter or an esophageal recorder The secand group has
been recorded by ntra atnal intraventricular and precordial mcthods

whereas the third group appears n intrasentr
1ular but not
traaings Both the second and third groy, econdal ot

ps are recorded o
e e second and n precordial trac
> During venlricular systole Atnal
sounds are much less frequen
cborded‘dunng ventncular systole than during ventricylar dmslolg Thtllz -
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the presence of apical or left sternal border systohc murmurs, which often
have led to an erroneous diagnosis of ventricular septal defect

Atrial sounds are not recorded during systole n all cases of complete
atrioventricular block, and the intensity of these sounds varies from patient
to patient The atrial sounds recorded during ventricular diastole arc usually
louder than those recorded during ventricular systole, but occasionally the
reverse s true

3 During ventricular fibrillation Because of the weal,, mcomplete con
tractions during ventricular fibrillation, the ventricles are unable to empty
and become distended with blood The atria continue to beat at therr
normal rate, and the atrial sounds may be audible This fact was first noted
by Clark and his associates in 1858 -

Systolic and diastoltc murmurs Systolic murmurs are almost always pres
ent with complete atrioventricular block They are heard best at the apex,
along the left sternal border, and also over the base of the heart In con
gemtal atrioventricular block, the presence of these murmurs has persist
ently contributed to the diagnosis of atnial or ventricular septal defects, while
m adults mitral or tricuspid nsufficiency has been suspected Clarac and
Pezz1 * studied these murmurs in 1914 They noted their presence 1n most
patients having atrioventricular block, they appreciated the variations m
intensity and duration from beat to beat, and they attributed the cause to
mmproper closure of the atrioventricular valves following the long PR
mterval, with resulting mitral insufficrency

Another factor in the causation of these murmurs may be of some sigmfi
cance For the heart to mamntan a normal output at a slow rate, stroke out
put must be increased and so must the diastolic volume of all the cardiac
chambers, with some degree of generalized dilatation and, perhaps, stretch
g of the mitral and tricuspid valve ning, with true mitral and tricuspid
sufficiency

The dhastolic murmurs 1 complete heart bloch without valvular lestons
usually follow the short atrial sounds They begin 014 to 023 sec after
the beginning of the P wave (and so after the completion of atrial systole)
Since these murmurs appear in young children as well as n older persons,
theories 1nvolving sclerosis of the atrioventricular valves in therr causation
must be dismissed or accepted only 1n part

DIFFERENTIAL DIAGNOSIs Complete heart block should be suspected 1m
mediately 1 any patient who has a slow ventricular rate and a regular ven
tricular rhythm Careful auscultation will ehminate the other two common
causes of a slow and regular ventricular rate, namely sinus bradycardia and
second degree heart block In the former condition slow, deep breathing
usually results 1n obvious sinus arrhythmra, there 15 no alteration in the
intensity of the various heart sounds from cycle to cycle, and atrial sounds

are not audible In second degree heart block, atrial sounds may be audible
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duning ventocular diastole, butan 2 1, 3 1 or 4 1 heart block, the PR
smterval 1 constant, and there 15 no vanability the intensity of the heart
<ounds from cycle to cycle other than that due to notmal respiration The
one circumstance where heart sound mtensuty docs not change in complete
heart bloch 1s 1 the presence of atmal fibrallation Here the thagnosis can
be completely tverlooked by auscultauon, and swce the ventrcular rate n
patients wha have been dignalized 1s frequently approumately 60 beats per
mynute, the diagnosis may not be even suspected

1{ the atrial rate 15 almost exactly double the sentricular rate there 1s Iit
tle change 1n the P R mtenal from cycle ta eycle, and a considerable period
may elapse before any change 10 the itensity of the first sound can be noted
Under these aarcumstances deep breathing, various forms of vagal stimu
Tation, or exercise may sufnciently alter the atnal rate to produce more fre

quent alterattons 1n the P R iterval and the more frequent production of
canon sounds

ECTOLIC BEATS
ATRIAL

Atnal premature beats (Figs 198 and 199) occur {requently in normal
persons 1 clildren, espeaially they may be an early sign of diptahs
toxtarty In patients with heart disease atrial premature beats may be the
forerunner of ectopic atnial tachycardia ot ainal fibnllation

They may be encountered with shortened normal or prolonged P R n
tervals Frequently the assocrated first heart sound 1s actentuated, and st
may be shghtly delayed m relatson to the Q wave of the electrocardiogram
Spht first sounds are rarely encountered with atnal ectopic beats, as the
mtravenincular conduction time 15 usually normal, and the mutral and tn
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Fig 199 (Apex Log) Wolff Parkinson White syndrome with & supraveniricular ectop:
beat Note the normal intensity fiest sound (1) 0 12 sec after the onset of the delta wave 1
the first and second beats 1415 accentuated after the sctopic beat and after the compentator,
peuse The accentuated first sound in the ectopic beat follows the Q wave by 0[] sec anc
the delta wave in the last beat by 0 12 sec There is a fow frequency low iatensity sysioli
murmur (SM) Note the normal intensity second sound (2) following the first second anc
fourth beats and an accentuated second sound with the ectopic beat With the sctopic beat
both electrical and mechameal systole are considerably shortened

cuspid valves shut almost simultaneously In ventricular ectopic beats, on
the other hand, the intraventricular conduction time 15 prolonged, and asyn
chronous valve closure may result

Because of the short diastole preceding many atnial ectopic premature
beats, there 15 dimimished cardiac filling and possibly also reduced strength
of ventricular ejection As a result, mechanical systole may be shortened,
and the second heart sound may be dimimshed, or even absent

VENTRICULAR

Ventricular ectopic beats (I'g 200) may occur with normal sinus rhythm
or with atrial fibnllation Occasionally they occur after every one or two
normal beats, resulting 1n bigeminy or trigeminy

Fig 200 {Apex Log) Vanations in the intensity of the heart sounds and murmars 1n
theumahic heart dissase with atrial fibnllation and ventricular ectopic beats The normally
conducied complexes have a normal intensity first sound (1) 009 sec ofter the onset of the
QRS complex a medium frequency moderate intensity systolic murmur (SM) an intense
second sound (2) an opening snap (OS) and a long diastolic murmur (DM)

With the sctopic beat several changes occur The frst sound (1) is dimimished in infenniy
delayed 0 |2 sec after the onset of the QRS complex and is widely sphit (0 06 sec | fhere
1s moderate reduction in the intensity of the systolic murmur and marked reduchion in intensity
of the diastolic mutmur systole is greatly st d and there 1s d hed intenstty of the

second sound




2
ARRHYTHMIAS
AUSCULTATION

On auscultation ectopic beats are recogmaed by the sudden ‘:m"“‘x;
of a basically normal rhythm due toa beat which occurs earher than no ma
and 15 followed by a prolonged pause 1f venincular ectopic b;m afrc e
quent, 1t may be smpossible to differentiate the thythm from that of a
ﬁb:‘::;;o:\'n seconD sounps The charactenstes of both the first and the
second heart sounds vary according to the site of angin of the ectopic beat
and, more especially, with the timing of the ectopic beat in the cardiac ¢y cle

The first heart sound 15 always delaved 1 retation to the onset of the
QRS complex of the electrocardiogram because of (1) the abnormal pathway
of sentriculat depolanzation, (2) the distance the atrioy entricular vahes
must travel 1 order to close, and (3) the ime required for the desclopment
of sufficient entricular pressure to exceed atnal pressure

Frequently the first sound accompanying the ectopic beat exceeds the
normal first <ound 1n mtensity This 15 due m part to the widely-opened
position of the atnioventricular valves at the onset of sentricular systole,
but 1t requires a ventricular contraction of normal or near normal intensity
Since sentncular sy stoles resulting from impulses arnving during the partial
refractory period of ventricular musculature result 1n weak contractions it
follows that the first heart sound may be diminished in intensits or evenin
audible Oucasionally, because of the abnormal depolanzation pathway, as
shown by the bundle branch bloch pattern, there may be splitting of the first
heart sound Presumably this splitting 15 due to asynchronous closure of the
atrioventricular valves, with the valve of the ventnicle in which the beat
oniginates closing first

As pointed out by Cossio™ “When the salves have further to travel
between the onset of ventncular contraction and the position of mavimum
stretch, thesr movement 15 accelerated and consequently their yibration 1s
wereased for the hinetic energy 15 the product of half the mass and the
iqi:ai: of the veloaty, and the veloaty 1s the product of acceleration and

1me

In all forms of premature beats atewl nodal, of ventnewlar, the atnoven

tncular valves have a greater distance to travel before closure, this s even
more marked in those beats preceded by a P way e,

when the valve cusps are
forced even further down into the yventnicular cauty A loud first sound 35

most hikely to follow an ectopic beat when such a beat falls  rud dsastole

after the ventricular muscle has compl
pletely recovered from
systole and while the atrioventnicular 11> previous

valses are stif
e e 1 well down m the vesy
Sometymes atrial premature beats are ny
ot followed by ventr,
tons 1t 1s not possible to make thys diagnosis } lar contra

by auscul
stmpily an absence of heart sounds with the dmp;ed hsec:ttatlon, 2 there 15
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Frequently, the second heart sound 1s split because of asynchronous
closure of the semulunar valves secondary to the delayed conduction time
The mtensity of the second sound depends on the force of ventricular systole,
which determunes the resulting cardiac output and the aortic and pulmonary
artery pressures Often, if the ventricular contraction 15 weah, the semilunar
valves do not open, and no second sound 15 audible When the sermlunar
valves do open, mechanical systole 1s commonly shortened m comparison
with electrical systole, and the second sound occurs earher than usual If
systolic murmurs are present with normal sinus beats, they may be dimin
1shed or absent with the ectopic beats It 1s extremely rare for a murmur not
previously present to be generated by the ectopic beat The murmurs of both
aorttc and pulmonary insufficiency are dimimshed, secondary to the lowered
pressure 1n the aortic and pulmonary arteries associated with ectopic beats,
and 1f the beats fall early enough, mid diastolic murmurs, from whatever
cause, will be obliterated from the diastole of the cycle preceding the ectopic
beat Tor obvious reasons, atrial gallop sounds and presystolic murmurs due
to atrial systole are not audible with the ectopic beat

Relationskep of the First and Second Heart Sounds to Cscle Length 1
Furst sound As a general rule, in most arrhythmias, 1t may be stated that
the intensity of the first heart sound tends to vary inversely as the duration
of the preceding diastole This statement 1s explained by assuming that if
diastole 1s short, the atrioventricular valves will be wide open and will have
to travel some distance before being closed, in contrast, 1f diastole 1s pro
longed, the valves will have floated up to an almost completely closed post
tion before the onset of ventricular systole, and a slight tensing of the valves
will be all that 1s needed to complete their closure There are many excep
tions to this rule, since 1t 1s obvious that 1f ventricular systole 1s sufficiently
weahened the first sound may be diminished or even absent

2 Sccond sound The second sound varies in the opposite manner to the
first sound If diastole 15 extremely short, the ventricular beat 1s often weak
and the volume of blood 1n the ventricular cavity being less than normal, the
strohe output 15 diminished This may result in complete mability of the
ventricular systole to open the semilunar valves or, 1f the valves do open
the aortic pressure may be dinimshed and, also, the intensity of the second
heart sound

ECTOPIC PREMATURE BEATS

Ectopic premature beats may be atrial, nodal, or ventricular 1 ongin and
may occur m almost any form of heart disease or 1n normal persons The
ectopic beats may be infrequent and, apart from causing a consciousness of
some irregulanty of rhythm, may be quite innocuous In other instances
ectopic beats may be the forerunners of more severe and permanent irreg

ulanties



33
ARBHYTHMIAS

Atenal and wentnicular premature beats are frequently diagnosed during
auscultation, but atnal premature beats cannot be <epatated chinscally from
niodal premature beats, and, although ventricular premature beats can ust
ally be & hed by the tompensdtary pause winch follows, 1t ts well to
realize that a similar pause also may oceur {ollowing atnal premature
be:;\‘s ectoprc beats octur with sufucent force, tno heart sounds wall vesult,
but if the beat 15 weal,, as often happens » hen the ectopic beat begins 1n
the early part of drastole or when thece ate multiple ectopic beats, 1t may
be estremely dificult to hear one or both heart sounds

BEAT FOLLOS ING THE PREMATURE BEAT

Because the sentnicles have a longer test period than normal following a
premature beat, 1t 1» nat surpsing that the succeeding beat often 15 stronger
1han the normal beat As a result the first and second sounds are frequently
accentuated, as also are any 3 sociated systalic murmurs Presy stolic mur
muts normally as ocsated with mitral and tricuspid stenosis are often ab
eat The obvious explanation would seem to be that the ventricles are
fitled atter the prolonged diastole, and atnal systole 15 unable to contnibute
entugh addisonal flow to cause turhulence and so generate an audible
murmur

Ventricular extrasystole may modify not only the heart sounds and mur
murs of the cycle following the abnosmal slectrocardiographic wmpul e but

aleg those accurtng during the diastole of the previous ¢y cle, together with
those of one or more succeeding cycles

NODAL RHYTHM

The fiest heart sound may change i mtensity with the onset of nodal
thythm Degending, on the refationship of the T wave 1o the QRS complex
of the electrocardiogram the first sound may be norma), mcreased 1n inten
sty o splt When the P wase falls just prior to the onset of the QRS
eomplex, atnial contraction may force the atnoventricular valves down 1nto
the cavity and the increased force of closure may result i an acceptuated
fivst sqund or presystolic pseudosplitting of the first sound If the P wave
15 hidden 1n the QRS complex the first sound may be of normal intensit
but there tay be a dimnutson 1n the number aod the intensity of the nbr) '
tions preceding the closure of the athioy entricular valves (that ts a vedw "
i the so called * atnal component’ of the first sound) ehon

Where atnal contracuon YoWows the QRS

complex and the
atnioventricular valves an atrial sound may be heard lheCeIz:XHm Vol
ventricular systole, giving the impression of sphttng of the first s . X(;ﬂ" .
201} (systolic pseudosphitting) ound (kg
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Frequently, the second heart sound 1s spht because of asynchronous
closure of the semilunar valves secondary to the delayed conduction time
The ntensity of the second sound depends on the force of ventricular systole,
which determines the resulting cardiac output and the aortic and pulmonary
artery pressures Often, f the ventricular contraction 1s weak, the semlunar
valves do not open, and no second sound 1s audible When the sermlunar
valves do open, mechamcal systole 1s commonly shortened 1n comparison
with electrical systole, and the second sound occurs earher than usual If
systolic murmurs are present with normal sinus beats, they may be dimin
1shed or absent with the ectopic beats It 1s extremely rare for a murmur not
previously present to be generated by the ectopic beat The murmurs of both
aortic and pulmonary insufficiency are dimimshed, secondary to the lowered
pressure mn the aortic and pulmonary arteries associated with ectopic beats,
and 1f the beats fall early enough, mid diastolic murmurs, from whatever
cause, will be obliterated from the diastole of the cycle preceding the ectoptc
beat T'or obvious reasons, atnal gallop sounds and presystolic murmurs due
to atrial systole are not audible with the ectopic beat

Relationship of the First and Second Heart Sounds to Cycle Length 1
First sound As a general rule, in most arrhythmias, it may be stated that
the ntensity of the first heart sound tends to vary inversely as the duration
of the preceding diastole This statement 1s explamned by assuming that i
drastole 1s short, the atrioventricular valves will be wide open and will have
to travel some distance before being closed, 1n contrast, 1f diastole 1s pro
longed, the valves will have floated up to an almost completely closed post
tion before the onset of ventricular systole, and a slight tensing of the valves
will be all that 1s needed to complete their closure There are many excep
tions to this rule, since 1t 1s obvious that 1if ventricular systole 1s sufficiently
weakened the first sound may be diminished or even absent

2 Second sound The second sound varies 1 the opposite manner to the
first sound If diastole 15 extremely short, the ventrcular beat 1s often weak
and the volume of blood 1n the ventricular cavity being less than normal the
strohe output 1s dimmshed This may result 1 complete mability of the
ventricular systole to open the semilunar valves or, 1f the valves do open
the aortic pressure may be dimimished and, also, the mtensity of the second
heart sound

ECTOPIC PREMATURE BEATS

Ectopic premature beats may be atrial, nodal, or ventricular 1n ongmn and
may occur 1n almost any form of heart disease or n normal persons The
ectopic beats may be infrequent and, apart from causing a consciousness of
some rregularity of rhythm, may be quite inoctous In other nstances
ectopic beats may be the forerunners of more severe and perminent irreg

ularities



335
RRHYTHHMIAS

Il

o
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Crst saund Note the normal intensty Frst sound (1 :
d med um frequency the norma
lex the systol ¢ murmur (SM) of low intensity an
:::“:t.\'ync:n:lyiound 12) and the atnal sounds (§) of vas able tntens ty as descr bad above
abways not ceable during vent scular d astole and occes onally

nng vontr cutar systole

Fig 203 (Apex Log wih simultansous | guler ve o 3 pulse trac ng and slvctrocardio
gram) Atrial flutter with atrial sounds occu ring dur ng both ent icular systole and  entr cu
ls dastole Note the 1o d splt first 50 nd ¢1) split by 003 sec The frit part of the
spl¥ oceu ring D07 sec after the onset of the GRS complex 15 much louder than the second
componant which follows the QRS by 0 10 sec The second sound (2} is narmal Multiple atnal
1ounds (4) follow the summ t of the P waves by approx mately 016 sac The intennity of the
atraksounds aresw th the r p st on in the card ac cycle Those oceurr ng d 1 g vendr cular
systole 155 tenss than those d ing vent icular d astole OF the strial sounds occurring
duing a t culard astole the loud st a e early in d astole and p obably represent o summa
ton gallop The atial 50 1 1n p esystole are Jouder than those In m d d astole The ateral
tounds shways occur tow d the + o qh in the uqular snous pulss tracing Ths occurs during
Both  t cular systole and  antriculer d astole the 3 gn Feance of thy 1 not snbirely tlear

sounds may be heard throughout the cardiac cycle, occurning during ven
tricular systole ventnenlar diastole, or both

It may not be possible to distingush atnal flutter with a changing block
from atnal fibnllation or from paroxysmal atnal tachycardia with varying
atnoventncular block

In patients with atnal flutter and varying block, the diagnosis sometimes
may be clanfied by haying the patient exercise, a constant 2 1 or 1 1 flutter

may tesult with steady ventricular rate of 150 or 300 beats per minute
Unfortunately many patients ate m no condition to exercise

Another belpful bedside test may be vagal stmulation In sinus tachy
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Fig 201 {Apex Ststh ) Systohc pseudosplithng of the first heart sound with nodsl thythm
in an I8 year old white male in excellent health Cardiac rhythm at rest varies between
normal sinus sinus bradycardia nodal tachycardia and paroxysms of atrial tachycardia
With exercise the rhythm always becomes normal sinus

Upper tracing (normal sinus rhythm} Note the narcowly split {002 sec ) first sound (1 1}
terminating 0 10 sec after the anset of the @ wave the low frequency low intensity systole
vibrations (SM) the well split (006 sec } second sound (" 2) and the very low intensity
Jow frequency third sound (3)

Lower tracing {nodal tachycardia) Note the well split {0 04 sec ) first sound (1 1) termu
nating 0 I3 sec after the onset of the © wave The delayed second part of this apparent spht
may be due to the delayad atrial systole secondary to the nodal tachycardia giving systohe
pseudosplitting of the first sound There is no significant change in the systolic murmur {SM}
the second sound (2) or the third sound (3}

ATRIAL TLUTTER (FIGS 202 AND 203)

In atnial flutter the atria beat regularly at a rate of 300+ 50 beats per
mmute If quinidine 1s admimistered, the rate may be reduced to less than
200 beats per minute

Varying degrees of heart bloch may occur with atrmal flutter, and the de
gree of block may change frequently

Assumung 2n atnial rate of 300 beats per minute,

300

1

1 150

1 flutter gives a ventricular rate of 100 beats per minute
1 75

1

2

3

4

Two to one blockh with a ventricular rate of 150 beats per miute m1y

easily be nustahen for sinus, atral, or nodal tachycardr, and 4 1 bloch may
pass completely unsuspected

If the heart 1s relatively normal, apart from the rhythm, no atnal sounds
can be heard, but 1f atrial hypertrophy ewsts for any reason, atral flutter
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In conaiderng any <esere prolonged tachycardia 1t must be ::gpr:;::it‘z(:
that murmurs which are frequently heard may be <ecoml:n)dm e arine
dilatation which often accompames such \ach)c';nd\(als,m :(g\e ane mus

buting these murmurs to organic valie da

Carleti:l ::\;::;nt mvrcahze that with increasing heart rates dlasmled G(};oner;s
much more than svstole and that, while at rates of 150, systole an xaséo e
are approumately equal yet at rates of 200, the systolic intenal cun: e}:
ably exceeds the duastolic This often makes 1t difficult to distinguish the
first heart sound from the second on aw.cultation, and if any additional
sounds are present, a phonocardiogram may be essential for intelligent 1n
terpretation

EFFECT OF TACHYCARDIAS O\ MURMURS ASSQCIATED witd
VALVULAR LESIONS

During attachs of tachycardia 1t 1s 2 common experience to notice a
diminution of cardiac murmurs associated with valvular lesions This apphes
espeuially to diastolic murmurs, both basal and apical, and to a lesser extent,
to sy stohic murmurs ‘The accepted explanation of this diminution in mtensity
of previously well recogmzed murmurs 15 the dimimished flow across the
valve onfices dunng each cardiac cycle

ParoxXysual ATRISL TACHICARDIA {FIGs 204 \\p 205)

Tn adults with parovysmal atrial tachycardia the heart rate usually hies
between 160 and 190 beats per munute, although rates of more than 200 ot
less than 150 may be encountered The onset ts sudden and the rhythm 1s
wually perfectly regular The rate may slow considerably during sleep
and minor variations 1n rate may occut over periods of several hours

The heart sounds are normal for the rate because of the shortened dias
tole 1t may be difficult to differentiate between the first and sccond sounds

WITH SECOND DEGREE ATRIOVENTRICULAR HEART DLOCK Paroxysmal
atnal tachycardia with second degree atrioventricular heart block 1s some
times encountered s a result of digitalis touicity and may also occur with
out obvious cause On auscultation ths arrhythmia may resemble any of the
other rapid irregular rhythms depending on the degree and the constancy
of the atrioventricular block It can be hagnosed easily by electrocardio
gram

There may be considerable vanation 1n the intensity of both the first and
second heart sounds depending on the degree of atnoventricular bloch This

same vanation n heart sounds 1s encountered 1n atnial flutt

er with changun
block and 1 atnal fibrillation with a T3] e
intensty of the first sound vari

pid irregulac ventricular rate The
the length of the preceding du:

es with the duration of the P R mterva] and
astale
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cardia there may be a temporary slowing and then a gradual return of the
tachycardia after vagal stimulation 15 removed In paroxysmal atnal tachy

cardia, sudden complete reversal of the rhythm to normal may result, but
the reversion mav also occur gradually over a period of many beats In
atrial flutter there may be a sudden temporary slowing of the rate, with an
wregular jerky return to the rapid rate after vagal stimulation ceases

Atral sounds are not usually audible 1n patients with atrial flutter but
occasionally they may be fairly clear, and even striking The sounds may be
heard throughout the entire cardiac cycle, but are usually louder m diastole
than n systole and are frequently louder early rather than late in diastole
As with atrial sounds 1n complete heart block, the flutter sounds occur aiter
the flutter wave on the electrocardiogram and fall at the end of the down
stroke of the jugular venous pulse wave

In the early part of diastole a loud sound may occtr which 1s probably a
summation gallop, the trming of this sound, together with the other diastolic
flutter sounds can be explained easily by assumung that these sounds are
produced m the ventricular muscle, 1n the atrioventricular valves, or in both
As a result, one would expect to record these sounds after the electrocardio
graphic flutter waves and at the termmation of the jugular venous pulse
wave To explain the similar timing of these sounds during ventricular sys
tole 15 more difficult Here, presumably, the atnoventncular valves are
closed, and an atnial sound, 1f produced, could reasonably be expected to
occur at the height of atral contraction It 1s dufficult to concerve of atrial
contraction exerting enough force to open the atrioventricular valves except
toward the end of systole, during the relaxation phase (Fig 203)

Flutter sounds may be heard at the cardiac apex, but are heard best at
the base of the heart 1 the second and third interspaces, either to the left
or to the right of the sternum The sounds are usually dull but may be com
paratively loud Depending on the degree of atrioventricular bloch accom
panying the flutter, triple or quadruple rhythms may be encountered, or
several flutter sounds may be heard during ventricular diastole Depending
on the relationship of the flutter sounds to the normal heart sounds, one may
encounter presystolic, systolic, protodiastolic, or summation gallfop, or
pseudosplitting of the first or second heart sounds If changing atrioven
tricular block accompanies the flutter there may be a change 1n the intensity
of the flutter sounds from cycle to cycle

Factors contributing to the production of flutter sounds appear to be (1)
a good atrial contraction, (2) poor tone of the ventricular my ocardium, and
(3) a long diastohc pause The mmportance of the first 15 obvious from the
fact that flutter sounds disappear with the onset of atrial fibnillation, the
second and third factors would seem to be important since flutter sounds
may disappear as chinical improvement results or if there 1s an increase in

ventricular rate
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ntensit;
1n sentriculat tachycarda the first sound may be of vanable 1 . y
Guce the P waves occur at a much slower rate than the QRS complexes
e L8 ¥ 0 tnal and ventricular contraction
there 15 a yanable relationship between atr . rentar
At times the atnal contraction may immediately precede the yen
[ » 1t, but throughout most of
contraction, and true “canon” <ounds may resuit, s
the tracing the first sound may be normal, shightly accentuated, or c(m;;( c‘i
ably dimimished As with atnial flutter, or complete atrioventricular hoe .
«mall atrial sounds may occur occasionally between the fiest and second heart
sounds s Toud
“The first <ound will alco be louder after a longer diastolic pause, this loul
first sound 15 usualk accompanted by 2 stronger penipheral pulse, empha
sizing the mportance of the strength of ventricular contraction the pro
duction of this sound
Becaw_e of the considerable degree of traventricular block commonly
ceen with ventricular tachy cardia, there may be asynchronous closure of the
atrioventricular valves of the semulunar valves, or of both As a result <pht
ting of erther the first or second sound> may occur
Becanse of the shortening of systole and dhastole with the onset of the
tachycardia, and because of the lower stroke volume and the lowered sys
temuc pressure, sentricular tachycardia cauces an alteration and diminution
m the intensity of the systalic murmurs of zortic ot pulmonic stenosis and
the murmurs of aortic or pulmome nsufhciency There 1s also a dimingtion
1n murmurs assoctated with patent ductus arteriosus ventnicular septal de
P
fects and other lesions associated with left to nght shunts Conversels
I

murmurs of mutral or tricuspid insuftictency may develop secondary to
cardrac dilatation

ATRTAL FIBRILLATION

Atnal fibrllation 1s the most commonly encountered of the important

arthythmas and uswally 1t 15 recogmzed easily by the total irregulanty of
the thythm (Fig 206}

In1913 Lewis? ob

d the first ph & of atrial fibnllation
He described the great varability 1n the intensity of the heart <ounds and

noted the disappearance of the presystolic murmur of mitral stenosts with
the onset of atnal fibrllation In 191> Battaerd ’® drew attention to the
vanable duration of systole and 1n 1930 Wolferth and Margohes ! noted
the vanabihty m the intensity of the first sound Since the wtervals between
the \ventnicular contractions are wregular and the force of the contractions
15 varable 1t follows that the mtensity of the accompanying heart sounds
and murmurs will change from cycle to cycle As confirmation of the chan,

mg mtensity of ventricular systole the radial pulse wave mas N .
strength from cycle to cycle .

ary m
or there may be a disproportion betw

een the
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Possibly an
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Fig 204 (Apex Log ) Multfocal supraventricular tachycardis showing vaniation in the
wtensity at the first sound (1) and the second heart sound (2} Both the heart sounds are
derably d hed in intensity foll g a short diastole and the second sound 15 absent
in the third cycle In the third and fourth cycles the onset of the first sound (1} 15 009 sec
after the onset of the QRS whereas 1t 1s not more fhan 0 05 sec in the ofher cycles The
sound labeled 2 in the fourth cycle and marked by an arrow probably i1s not a true second
sound but may bo the result of atrial achvity The poor quality and the delay of the first
sound in this cycla suggests the possibility that the semilunar valves may not have opened
There 13 no reason why systole should be prolonged wn this cycls and such would have to be
the case if this 15 a second sound

Second Second
< Sound > % Sound ¥
Absent Absent

sty o

Fig 205 (Apex Log) Supraventnicular tachycardia with an irregular ventncular rhythm
and multiple focr of origin of the atral complexes Note the variations in inteanty of the first
hoatt sound (1) which 13 louder following the longer pauses as in comploxes three four and
six The first sound 13 greatly diminished in the fifth complex following a short diastole There
1s no sigmificant alteration in the time of onset of the first sound Following a short drastole
the intensity of the systolic murmur d ' derably Variations i the infensity of
the second sound {2} depand on the length of the previous diastole In the second and Fith
cyeles no second sound can be identified Either those beats did not occur with sufficient force
to open the semilunar valves or if the valves did open the ejaction pressure may have been
minimal Low frequency low intensity vibrations occur before the main valvular component of
n each cycle even though no fyprcal P waves are seen

the first sound 4
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regular ventricular beat This occurs particularly sn those patients who have
been tecens ing digatals for some time and 1n whom complete heart block
develops with atrioventricular nodal rhythm ULnder these circumstances the
heart sounds do not 1ary 1n intensity, there 15 no penpheral pulee defiaat,
and the condition tannot be diagno ed by auscultation

1t 15 commonh, stated that atnal fibnllation may eastly be distingwshed
from frequent \entricular ectopic beats by having the ptient exercise, dur
g exercise, the fibnllation becomes more obvious, and ventricular ectopic
beats disappear This test presumes that the patient will be well enough to
perform physical exercise, but unfortunately this 1s not always the case

\ulbple atnal premature beats paresysmal atnal tachy cardia with
Bloch and atrial flutter with changing block may all be confused clinrcally

with atrial ibnllation and the electrocardiogram 1s by far the best method
of distingmshing these arrhythmias
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Flg 208 (Apex Log ) Atnal fibrillation with increasing cycle length showing no estenhal
change 1n the intensity of the first heart sound (1} or the second sound {2} Note the normal
intensity first sound (11 spht by 003 sec with the maximal vibrations 006 sec aftar the
onset of fhe QRS complex and the low intensity second sound (2} split by 002 sec The
second part of the split 15 loudest in the first cycle The first part of the sphit 15 loudast in the
second cycle The two parts of the split are equal in the third cycle These minor changes
were not (denhfiable on auscultation

3=

=
=%

number of apical beats and the number of palpable peripheral artenal pulse
beats

ATRIAL SOUNDS AND MURMURS

With the onset of atral fibnllation all sounds of atrial actinvity, such as
presystolic gallop and the classical presvstolic crescendo murmurs of mtral
stenosis, disappear

DIASTOLIC SOUNDS AND MURMURS

Because of the irregular occurrence of ventricular contractions n atrial
fibrillation, the length of drastole vares from cycle to cycle and affects the
clarity with which diastohc sounds and murmurs can be detected If diastole
1s long any sounds or murmurs can be easily detected However, 1f ventric
ular systole falls early in the chastole of the previous cycle, an otherwise
long diastolic rumble becomes greatly shortened and majy even sound cre
scendic If dinstole 15 sufficiently short no diastolic murmurs can be heard
at all

INTENSITY OF THE SECOND SOUND AND DURATION OF S}STOLT

With those beats which occur early in diastole and fall in the partially
refractory period of the ventricular musculature, the resulting stroke volume
1s dimmmished, systole 15 shortened, and the second sound occurs early and
1s dimmmushed 1n intensity Sumlarly, any murmurs of aortic or pulmonic in
sufficiency become difficult to hear beciuse of the lowered pressure mn the
aorta and 1 the pulmonary artery With most beats, systole 1s of normal
or near normal strength, smce except in beats occurring very carly the
early diastolic filing phase which accounts for the greater part of ventricular
filling 15 not affected, and stroke volume s fairly constant

Occasionally atral fibrnillation may be accompamed by 2 fairly slow but



5 HITPEAS 341

rerular sentrsculr beat “This pecues pacticularly i those patsents who hne
been recenving digrtads Jor some time and n whom camplete heart block
deselops with atrios entricular nodal fhythm Under these curcumeiantes the
teart sounds o not vary 1 mtensity, there 1 po peripheral pulse defiat,
and the condshion cannot be diagnosed by auscultatian

Tt 1> common’s stated that atral fibriflatan may easily be distingshed
from frequent senfncular ectopic beats by having the patient excrase, dur
ing etert ¢ $he fbnilation becomes tare abuous and yventocular ectopic
beats disappear Thi> 125t precumes that the patient wift be welf enough to
perform phy sxcal exercise but unlartunately this 1> not always the case

luple atnal premature beats, parowsmal atral tachycardia with
Poch and atnal flutter with changing bloch, may all be confused chaeally
with atnial fibrillation, and the electrocatdogram 1s by far the best method
of distinguishung these arrhy thmias
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Flg 206 (Apex Log ) Atrial fibnllation with increasing cycle length showing no essenhal
change in the intensity of the first heart sound (1) or the second sound {2) Note the normal
intensity first sound {1) spht by 003 sec with the maximal vibrations 0 08 sec after the
onset of the QRS complex and the low intensity second sound (2) spht by 002 sec The
second part of the split is loudest in the first cycle The first part of the spht is loudest 1n the
second cycle The two parts of the spht are equal in fhe third cycle These minor changes
were not (dentifiable on auscultation

number of apical beats and the number of palpable peripheral artenial pulse
beats

ATRIAL SOUNDS AND MURMURS

With the onset of atnal fibrillation all sounds of atrial activty, such as
presystolic gallop and the classical presystolic crescendo murmurs of mitral
stenosis, disappear

DIASTOLIC SOUNDS AND MURMURS

Because of the irregular occurrence of ventricular contractions m atrial
fibrillation, the length of diastole vanes from cycle to cycle and affects the
clanty with which diastolic sounds and murmurs can be detected If drastole
15 long, any sounds or murmurs can be easily detected However, 1f ventric
ular systole falls early in the diastole of the previous cycle, an otherwise
long diastolic rumble becomes greatly shortened and may even sound cre
scendic If diastole 1s sufficiently short, no diastohc murmurs can be heard

at all

INTFNSITY OF THE SCCOND SOUND AND DURATION OF S)STOLF

With those beats which eccur early m diastole 1nd fall 1n the partially
refractory period of the ventricular musculature, the resulting stroke volume
15 dimimished, systole 1s shortened, 1nd the second sound occurs early and
15 dimimished 1n mtensity Similarly, any murmurs of aortic or pulmonic n
sufficiency become diiticult to hear because of the lowered pressure n the
aorta and n the pulmonary artery With most beats, systole 1s of normal
or near normal strength, since except 1n beats occurring very early, the
early drastolic fillng phise which accounts for the greater part of ventricular
filling 15 not affected, and stroke volume 15 fairly constant

Occasionally atrial fibrillation may be accompamed by a furly slow but



7 31/ Early Diastolic Sound in Constrnicive Penicarditis

‘The majonty of patients with constuictive pencarditis have an early dias
tohe sound (Figs 207 and 208) This sound was first described by Pofamt
1 1836 In 1933, Lian and his co workers called 1t 3 “pencardinl protodias
tolic vt " 1n order to di h 1t from a normal third_heart <ound
or a protodhastolic gailop Elasch and his associates’ 1n 1930, showed that
the <ound coincided With the nadic of the early diastolic dip in the nght
rentricular pressure curves of these patients \Mchusich,! ® in 1952, using
simultaneous phonacardiograms and ventnicular border electrohymograms,
demonstrated that the sound coincided with a sudden hait in rapd ventne
ular filling eatly in diastole

This sound 15 vaniable in intensity and may be louder than the fir<t or.the
<econd heart sounds Frequently 1t 1s accompanied by a palpable apical
thrust, also described by Potain® 1n 1836, 1t follows the beginning of the
secord sound by 009 to 0 13 sec

Differentiation from a split second. sound 1s usually simple, as frequently
a spht second sound 15 present also The early diastohc sound ss_widely
separated irom the second sound, and, even when not loud 1t may be heard

aver a wide area These factors, in addition to sts accentuation with wnepirt
tion, help to differentiate 1t from a normal third sound

The protodiastohic sound 1s not necessary for the diagnosts of constrictine
pericarditis and although 1t 15 almost always pre<ent with calafication of
the pericardwim even then it 1s not al It Ts helpiul 4

T in
the absence of calefication and when the heart 1s larger than that normally
encountered i this condition

The early diastohe sound in constrictive penicardiis 1s thought to be due
to the water hammer phenomenon tesulting from # sudden cessation of th
ventricular early rapid filkng phase caused by the ngd penicardum Ale
though there 1s much interesting evidence to support this theory, 1t should
be emphasized that the exact cause of the sound has not yet bz, N
‘The nght ventnicular préssure ﬁm Rw-‘e}'i
carditis usually show an early diastolic dip, and the protudms‘llcl“e o
occurs just beyond the nadir of this dip The dip reflects an ab; ot
night ventricular pressure, and the nse which follow by tall of
ventncular filling s probably 15 due to

ounsey * p cathetenization and phono
Mounsey ¢ performed simultaneous cardiac cath
10n ai

1 phon
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tncular pressure curve Since the beginning of the pressure nise the nght
ventricle precedes that i the right atnum, superior vena cava, and innom
inate vem, 1t 1s assumed that the sudden cessation of rapud filling originates
from a pressure increase 1n the night ventricle

In all 4 of Mouncey’s patients, the early diastolic sound comncided closely
with the beginming of the steep upstrohe following the carly diastolic dip
and was, therefore, synchronous with the abrupt halting of early diastohc
filhng

Pressure tracings of patients with constrictne pencarditis who did not
have the eatly diastolic sound showed a less abrupt upstroke following the
early diastohc dip, and the upstrole merged smoothly mto the dustolic
plateau

Mounsey stated that the abrupt halting of ventneular expansion may be
noted at the time of thoracotomy 1n patients who have Joud early diastolic
sounds

It would seem, 1f the previous discussion 1s true, that the extra sound
should disappear or occur later and be less intense after removal of the
pericardium This 15 usually the case after a successful operation, but n
some patients the jugular venous pressure remains elevated and, either be
cause of incomplete removal of the pericardium or because of associated
endomy ocarditis, there may be lttle change in the physiologic state of the
patient Under these circumstances the sound persists
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Fig 207 (Apex Log) Prominent aarly diastolic sound in constrictive pericardihs Note the
loud fiest sound (1) with the maximal components accurning 0 10 sec after the onset of the
Q wave the early systolic vibrations (SM) of low frequency and low intensity the loud
second sound {2) spht by 0 05 sec and the very loud third sound [3) 0 10 sec after the sec
ond sound This sound was easly palpable on chinical examination

gt 8 o AN oAt R
T T

Fig 208 (Apex Steth with jugular venous pulse and electrocardiogram} A loud early
diastolic sound a presystafic murmur and P mitrafe tn a patienf with constrichive pericarditis
Note the loud first sound (1) starting 0 05 sec after the onset of the © wave the systohe
murmur (SM) of low frequency and moderate intensity the very loud second sound (2) the
markedly accentuated early diastolic sound (3) 012 sec after the end of the second
sound and the presystolic crescendo murmur (PSM)

cardiography 1n 6 pitients, and in the 4 1 whom the right ventricle was
entered, the nadir of the early diastolic dip 1n the right ventricle curve pre
ceded the timing of a corresponding dip n the nght atnal curve by 01 to
02 sec Examination of the pressures in the right heart chambers and 1n the
peripheral veins showed a rapidly increasmg pressure difference between
the right ventricle and the basilic vemn during the early part of the diastolic
dip These pressure differences suggested that rapid ventricular filling tahes
place during the descending mb of the early diastolic dip and that filling
continues but quickly decreases during the steep upstrohe of the right ven
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with long standing hypertension, congestive_heart_failure mny develop at
which time a protodiastolic gallop may be heard Wnth ventncular {alure,
an merease 1n atrial pressure may aleo result in a presystohic gallop, giving
a quadruple rhythm (Fig 209) Leit ventnicular dilatation 1s often accom
pamed by dilatation of the mitral ring, and the typical murmurs of mitral &
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32 / Systemic Arterial Hypertension

~

The dragnosis of artenal hypertension 1s made by the sphygmomanom
eter, auscultation nerther confirms the diagnosis nor helps in differentrat
mg the various causes Because of the common occurrence of this disorder,
we shall mention briefly the auscultatory phenomena

AUSCULTATION

When hypertension 1s muld the heart sounds are normal and there are no
sigmficant murmurs If more severe, the firstsound at the apex 1s normal
or slightly accentuated, and there may be accentuation of the aortic valve
closure at the second right interspace A grade:L_sxstlew
monly encountered at the aortic area This 15 probably due in part to the
increased force of left ventricular ejection, in older patients it may be ac
centuated by the physical characteristics of an atherosclerotic aorta In
younger patients with severe progressive hypertension and older patients

Fig 209 (Apex Log ) Severs systemic hypertension end congestive failure 1n & 28 year old
man showing a quadruple rhythm and a mid diastolic murmur Note the normal infenuity first
heart sound (1] 009 sec after the onset of the GRS complex the decrescendo systolic mur
mur (SM) of fow intensity and medium frequency the prominent second sound (2) the
well marked third heart sound (3) and fourth sound {4) and the diastolic murmur {DM) of
fow frequency and low intensity starhing just before the third heart sound and continuing
through the middle two fourths of diastole
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aortic valve, luetic aortitis, or old rheumatic aortic vahve lesions The more
<evere and the more long standing the hypertension, the more likely are the
aortic diastolic murmurs to occur (Fig 211)

Apical diastolc murmurs majy occur whenever there 15 marked left ven
tncular difatation (Fig 209) —
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nsufficiency may result An accentuated pulmonary second sound develops
as pulmonary artenal pressure rises (Fig 210), and, finally, the m;rmur of
tnicuspid 1nsufficiency. can be heard as the night ventricle fuls and the tn
cuspid valve ning dilates

Aortic diastohc murmurs have been described 1n arterial hypertension,

but they are more likely to be assoctated with lesions such as a bicuspid
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Fig 211 (2R1S Log } Markedly accentuated acrhic second sound and effacts of lowering
the blood pressure by the administration of protoveratrine Patient had savere arterial hyper
tension The top left phonocardiogram was taken before protoveratrine was admtnistered
Note the low tntensity first sound (1} 0 12 sec after the onset of the QRS complex precedsd
by a group of low intensity vibrahions commencing after the peak of the R wave and 004
sec after the onset of the QRS This group of low intensity vibrahions probably represents
the first sound and the single spike labelsd | 12 probably an aortic early systolic ajection
click 1t 13 interasting to note that in the last tracing when the pressure has dropped consider
sbly the low infensity vibrations are more prominent The sarly systohc chick successively
dimtnishes 1n intensity as the pressure falls throughout the experimant

Note the systolic murmur (SM] of low intensity and medium frequency occupying the
first three fourths of systole

There ts a very high intensity high frequency second sound (2) which in the first complex
fes 1n a d do manner some degree of aorhc

fasts 012 sec and +
fnsuffcioncy In the succeeding tracings after the admimistration of protoverstrine thare 1s 2
progressive fall in the blood pressure P by prog in the intensity
and duration of the aortic second sound and the terminal high frequency vibrations
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aortic valve, luetic aortitis, or old rheumatic aortic valve lesions The more
severe and the more long standing the hypertension, the more likely are the
aortic diastolic murmurs to occur (Fig 211)

Apical_ diastolic murmurs may occur whenesver there 1s marked left ven
tncular dilatation (Fig 209) o



33 / Syphiliic Rortitis and Rortic Insufficiency
v

Most patients with cardiovascular syphilis are 1n an age group where other
cardiovascular diseases, such as hypertension, atherosclerosts, coronary ar
tery disease, and rheumatic heart disease, are common As a result, syph
itic heart disease 1s not diagnosed on the basis of chnical symptoms but
on chnical and laboratory signs The importance of making the diagnosis
early and instituting specific therapy before the development of aortic in
sufficiency or formation of an aneurysm 1s obvious

SYPHILITIC AORTITIS

In the early stages of syphlitic aortitis involvement of the aorta may be
accompanted by normal heart sounds and may not be recognzable chncally,
nevertheless, a correct diagnosts 15 possible 1n a considerable proportion of
cases because of alterations in the heart sounds and the presence of systolic
murmurs, secondary to dilatation of the ascending aorta (see figure 94)

AUSCULTATION

The first heart sound usually 15 normal in timing and 1n intensity, but 1t
may be muffled 1n the presence of associated myocarditis An early systohc,
click secondary to the dilatation of the aorta 1s common
“The second sound may be normal but may be accentuated, with 1n almost
metallic qualty, described as tambour On the phonocardiogram this sound
1s of a higher mntensity and a higher frequency than normal and may be of
longer duration Systolic murmurs are frequent They are probably formed
1 the aorta 1tself rather than at the aortic valve, and usually range from
grade 1 to grade 3 1n mntensity They are loudest eatly 1n systole and may
be heard clearly both to the left and sometimes to the nght of the upper
portion of the sternum

SYPHILITIC AORTIC INSUI'FICIENCY

The root of the aorta and the aortic salve ring may be mvoled as syph
1litic aortitis progresses, resulting n dilatation of the aortic_ning, wdening
of the commussures, separation of the leaflets and, finally, aortic msufficiency

350



SYFHILITIC AORTITIS AND AORTIC INSUFFICIENCY 35t
AUSCULTATION

Depending on the degree of imsufhciency, the aortic second w
matn loud and tambour 1n quahty , 1 may be dimitushed; ot it may csen be
come imaudible With the oncet of fallure, the first sound also dimimshes n
mtensity, and both protodastolic and presy stolic galtops may develop The
typical decrescendo diastolic murmur of aortic nsufticiency can be heard
It may be short and quiet n the early stages of the leston, but later 1t be
comes long and sometimes comparatively loud

The progressne leit ventricular dilatation which accompames aortic in
sufticiency leads to dilatation of the mitral nng, with the _a:]p_lglj)’sl‘qlmd_
mud diastolic murmurs of mitralinsufticiency  As both the left and the nght
sentncles fanl, the murmurs of qu become apparent

AUSTIN FLINT MURMUR NV
The Austin Flint murmur (see figure 95) 15 2 presystohc murmur heard
at the cardiac apex 1n patients with aortic 1n:

sufticiency who do not have
@lm@,hs authenticity cannot be‘pr’omﬁnm
examnation reveals a normal mitral valve This murmur cannot be confi
dently diagnosed 1f the patient has rheumatic heart disease, but 1t may be
strongly suspected in patients who have aortic insuficiency secondary to
syphilitic aortitis Ma}y articles have heen written suggesting that Flint seas

desenibing a rid diastolic murmur, but Flint was very speaific in his descnp

tion of the timing of the murmur
—_— s

The murmur occurs Just before the ventneular systole or the first sound of the

heart 1t continues up to the occurrence of the fir:
st sound and instantl;
when the first sound 15 heard? v censes

Esen though almost a hundred years have passed since the first desery
tion of this murmur 1n 1862, hittle has been added to the origmal descript, .
of the possible cause of the murmur It 15 thought that backflow th mghn
the aortic valve causes partial closure of the mitral valy wrally

2 p [}
aortic cusp so that with the onset orand espectally ot

of atuial sysiolz, a pres:
mur results This murmur may be accompamed by apLhr}swhc sl

I =
It 15 1impossible to differentiate the Aus .
tm Flint my
systohc murmur of mitral stenosis by auscultation alo:em“r from the pre
Three factors are essential for diagnosis (1) an apical
mur (2) aortic regurgutation, and (3) a normal mm'Jz:l—vaIFeresysmhc m
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ventneular

i transpos tion of 30rta and pulmonary

artery 18
0 Aran position of pulmonary veins 283
n tncu pd atresia 306 307
m trcuspd msuBaency 223
in ventncular septal defects 265 266

3%

Fitult artenovenus continucus muemur in
25

b
Flutter atrnl 334 3%
¥ ramen pnmum atrnd d fet 7 %
Foramen seeuntum atmal defect 2 3977
Fosters murmur in aortic in ufiiency 204
Founers theorem 2
Fourh heart ound n Fb tens an maly 309
Frank capsule phygmograph 91
Frequencs
dicermble changes in
1n heart sounds 33
response characteristics an! heart souni
qualin 983
of sound waves 18
and thre hol! of heanng an! fechng 25 28
Aanaton wih loudnes 33 34

1919

Callop thythms 131 146

atmal 135 139
character of sounic 133
n heart Llock 321
beart rate in 152
mesodustohic 139 140
sn patent ductus artenosus S1
presstolic 135 136
protodia tohic 141 147
quadruple thythms 152 146
refevence traciams with 113
sigmificance of 134
summation 140 141
v tolie 134 13§
n tran.position of pulmonan emns 233
triple 135 142
aentncular 141 142

Craham Steell murmut i pulmonary In

sufficiency 20§ 214

Harmomies 21
Heanng mechanisms 1 auscultation 16 36
Heart block 319 329
duastohe murmer in 177
first degree 319 320
partual 319 322
quadruple thythm 1 bundle branch block
second degree 320 322
parovysmal atrial tachycardia with 331
sphit heatt sounds 1n right by
block 155
third degree 372 329
Heart failure

undle branch

aortic teno 1s with 210

atna) gallop 1n 137

presystolic murmur 187 155

Protodia.tolie gallop 1n 141
Heant mate in gallop thythm 132
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Heart sounds and murmurs 131 167 See also
Murmurs
in aortic msufficiency  syphilitie 351
mn aortic vahe disease 198 199
1 aortitss sy philitic 350
archythmas 317 341 See also Arrhythmias
atnal 136 See also Atnal sounds
m atnal flutter 336
in atnoventricular block 374
carly diastolic
n constrictive pericarditis 343 345
m foramen secundum atral delect 274
early systolic chck 145 148 See also Clich
1 Ebstetns anomaly 309
first sound See Furst heart sound
fourth sound mn Ebsteins anomaly 309
frequency components of 3%
gillop rhythms 131 146 See also Gallop
shythms
graphic registration of 103 124
hum, venous 253
m hypertension arienal 346
mteral between 122
mud systohic chick 135
m mtral snsuffisency 175
1n mutral steno 1s congental 294
openng snap
n mitral stenoels 183 188 294
m trecuspid stenosis 2,6
i pulmoniry nsufficiency 213 220 304
quality of and frequency response 79 83
1 rheumatic carditis acute 233 239
second sound See Second heart sound
splitting of 147 155 See alsio Sphtung of
heart sounds
third sound See Third heart saund
transms jon characteristics of 37
i tran poatton of aorta and pulmonary
artery 285
m transposition of pulmonary veins 283
in trcusprd atresia 306 307
i ventricular septal defects 265 266
Helmholz resonators 44
Hepatie pulsations n tricuspid vahve di ease
228 229
History and phvsics 3 127
Hochsmnger s sign 249
Hum +enous 253
Hjypertension artenal 336 349
pulmonary insufticzency i 215
Hypertensive heart disease protodiastolic wal
lop n 141

Insufficiency
gortic 200 06
aortie stenosts with 210
differential diagnosis of 205 206
murmurs 1 162 202 05
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syphilite 350 351

mutrl 141 176 See also Mitenl valie 1n

sufticiency

bulmonary vahe 213 220
congenital idiopathic 304 305
Graham Steell marmur m 203 214
mutral stenosis with 219

toacuspad 221 224

Intensity of sound
discermible changes m 28 29
Vanations w effects of 83 85

Jugular venous pulse
n gallop sounds 133
with phonocardiogtaphy 4 90
i tncuspd valve disease 227 728

Laepncc stethoscope 3 12 13
Laplace formula for wave seloaty 19
Linver pulsations in tricu pid valve disease
728 229
Loud speaker systems 87 83
Loudness
and magmtude of «timulus 29 31
vaniation with frequency 33 34
Luciam Wenchebach phenomenon 321t
Lung sounds frequency components of 38
1 utembacher syndrome 279

Mashing effects of sounds 31 32 154
Microphones 65 74
carbon granul 66
conden er 67
clectromagneti. 06
Mitral systolic murmur an rheuntatic earditis
acute 234
Mitral valve 171 194
calufied pencardium affecting 164
Insufficiency 171 176
aortic stenosis with 243
congenital 296
final assessment of 176
heart sounds m 175
matral regurmtation m 173
with rheumatic heart disease 240 244
svstohc murmurs i 157 171 174
obstruction 163 164
atral gallop 137
regurgitation
atrial gallop i 137
w mutral snsufficcency 175
rheumatic involvement of 238
aprcal diastohc vibrattons in 165
msufficiency wath 240 243
stenosis from differential diagnosis of 294
stenosny 177 194
aortic steno 1s with 10
atrial septal defect with 2.9
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congerutal 294 29>
first beart sound 1m 188 191
msufacency w 1 4
murmurs 10 163 177 185 197 194
opemin smap 1 185 188
pulmenan msufficiency with 219
rheumatic  differential diagnosis of 299
third heart cound 18 191
Moebws tvpe of heart block 321
Monaural heanine 34 36
Mormurs 131 163
IR aortic coarctation 287 289
m sertic mnsufnacncy 16 0 202
n zortic stenost. 208 210 297
m atnal defect foramen secundum 2,4 2 6
m
m atnoventreular block 328
Autin Fimt 163 352
m aothe msufacenry 07
combined s\ stohie and duastolic
1 aortic \ahe disease 210
in rheumatic cardits acute 237
continons
m goarctanon of aorta 239
n patent ductus arteniosu 231 260
diastolic 159 166
detection of 192 194
sounds 1mtating 164 166
m Eb tem's anomaly 309
Fosters 1n aortic insufnciencs 204
frequency components i 33
Grabam Steell 10 pulmonart insufnciency
03 213
m heart block 320
m hypertension artenal 346
m increased flow across normal mitral valve
160
maskin effect of 154
™ putral vatvular disease
msubiciengy 171 240
theumatic 165 240
stenous 177 9%
1 poplary muscle Tuptute 163
n patent ductu  arteriosus 247 264
presstol e 159 166
wn pulmome valie disorders 213 300
wnsufiicencs 213 220
In theumatic cardis acute 233 238
i rheumate miral valvular disease 16y
240

systolic 156 158
graphic regitration of 124
prognosis of 174
w tachycardia ventncular 319
n tetralogy of Fallot 301
in transposttion of aorta and

!
artery 286 pulmonary

¥ ATARSPOIUON of pulmonary veins 253
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m ncupd valve duease

msufficiency 223
stenosis 226
in sentncular dilataton 161
n ventncalat wptal defeets 161 65 266
VMusical pitch interval 2
yocardial dusease
congenital 312 313
rmutral insuficiency 1 myocar s 171
ventncular <cptum rupture after infarction

Necrosis medial of aerta 253
Newton formula for mave veloaty 19
Nodal rhythm 333 334

Obstruction
of mitral salve 163 164
pulmonary vascular
patent ductus artenosus with 26
sentacular septal defect with 269
Octase 2
Openins, snap
n mitral tenosis 185 183,294
in trcuspd stenosie 226
O<allograms 20-21
Overtones 21

Papillary rauscle rupture of 163 13
Paravs smal atral (achycardin 337 338
Patent ductus artenosus 237 164
differential diagno s of 266
Pencarditis
adhesine apical diastolic murmurs 1n 167
con trictive early diastohic sound in 343 345
Pencardwm calafed and mitral stenogts 164
Phlchogram with phonocardiopram 90
Phon 33
Phonocardiogeaphy 4 9 65
amplinet for 77 79
artefacts with 89 259
atnal sound 106 124
eatly work with 61-63
first heart sound 107 111 115 120 124
terpretation of 7 8
Tinear 103 105
Torarithmie 103 10>
Tequirements for 4 5
second heart sound 111 114 120 125 124
simubianeous tracings with 4 9y
stethoscopic 89 103 105
systohie murmur 124
technc of § 7
Phl:l:; l:;lc:’thsound 1415 127 124
story 3127
Prezoelectne
microphone 63
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Piczoclectnic {cont )
transducer, 91
Pitch ntenval 22
Pregnancy <y stolic murmurs in 172
Premature beats
ectopic 332 333
veatricular presy tilic murmur in 180
Pressure tracings with phonocardiography 5
Presystolic murmurs apical 159 166
Protodiastolic gallop 141 142
Pseudosphtting of first sound
in atnioventricular block 326
i nodal rhythm 333
Pulmonry artery
aortic aneurysm ruptur d into 259
hypertenston pulmonary insufficiency in 215
teno 15 of continuous murmur in 255
trainsposition with aorta 285 236
Tulmonary vasculir obstruction
atrinl septal defect with 279 281
mtent ductus arteriosus with 267
sventnicular <eptal defect with 269
Pulmonary vens
partial anomalous drainage of with atnal
septal defect 281
tran postion of 232 288
Pulmonic second sound 299
Pulmonic systoltc murmur 1n foramen <ec
undum atnal defect 274
Pulmome valve 213 220
closure of
detay in 152
diminished sound of 153
loud 153
wnsufuciency 213 220
congenital adiopathic 304 30>
Graham Steell murmur i1n 20>
roitral stenosis with 219
stenosis
congenital 297 303
murmur in 266
patent ductus artenosus with 261
ventrieular septal defect with 268
Pulsations lner in tricu prd rahe dicase
228 229
Pulse
artenal with phonocardiography  §
jugular venous
n gallop sounds 133
with phonocardiographs 4
1n trcuspad valve disease 227 228

Quadruple thythms 142 146

Resonators Helmholz 44
Rheumatic heart discase 233 244
carditss acute 233 739
first heart sound 1w 233
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mutral systohc murmur mn 234
tricuspad sy stolic murmur 1n 23§
mitral valve mvolvement n 238
apical drastolic vibrations 1 16§
msufticiency in 171, 240 244
stenosis With differential diagnoss of
tricusprd stenosts i 224
Rhythm See also Arrhythmias
changes 1 and presistohe murmurs 1
normal sinus rhythm 317

Second heart sound
amplitude of 124
aortic 291
n aortic coarcfation 287
1 aortic regurgitation with ventricular s
tal difect 272
m aortic stenosis congemital 291
i aortic vahve discase 199
1 gortitt syphilitic 350
i atnal defect f{oramen sccundum 273
1n atriosentncular block 326
duration of 170 122
n Ebsteins anomaly 309
1 cctopic beats 331
1 fibrillatien atnal 330
first component of 112 114
fourth component of 113 114
graphic registrtion of 111 114
n heart block 320
m mitral insufiaency 175
rheumatic 240
1 matral stenosts congenital 294
1 patent ductus arteriosus 249 250
1n pulmonary insufticteney 214 304
m pulmonary stenosts 299
pulmonic 299
n pulmonary insufhiaency 214
m tneu pid nsufficiency 222
econd component of 112 114
single sounds 154
splitting of 149 155 185
in atnal defect foramen secundum 274
n ectopic beats 332
In patent ductus arteriosus 250
n tachycardia parovysmal atnal 337
i tetralogy of Fallot 209
third component of 117 114
in transposition of aorta and pulmonary ar
tees 285
In transpo ition of pulmonary veins 283
m tricuspid atresia 306 3py
n ventricular eptal defects 265 266
Scnsation lesel 9
Septal defects
atnal 273 281
ventricular 265 272
Shunts left to nght 265 267
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arthythmu 317
Lnd carda 318
Thythm mormal 317
tachveardia 318
Soap openng
momml teno s 19 183 94
n tncu pid stenosis 2 6
Sound
tinaural hearne 34 36
deabel 23 24
dcermble changes in ntenaty and fre
queney 829
ardrum movement at threhold of heanng
nn
fitue auditory 32
filters for <5 86
frequency of wave 18
Fraphic representation of waves 1718
loudness varation with frequency 33 33
loudness versus timutation 9 31
macking effects $1 32 154
monaunal heanng 34 36
muacal puch interai 22
onnn and propagation of 16 17
tomal perception time 31
wtloaty ot wave 18 19
wave forms 19 22
ambyas of 22
So.nds
beart See Heart sound
funp sounds frequency components of 5%
murmurs See Murmurs
Sthypmograph $9 %
umyltane us trae »
Sphitting of heart sound
n bundle b an h b K
firgt heary ousad 133 147 149
at 16 31
predo phitn S0 s 1s
second heart W
T tra lef ct toramen cecundum 273

boat
m oo B tenosus 250

with 5 95
i4 155
eht 155

m:x:av:l “r ; entmoar 339
S\:l;o':li + 10 See also Aortic valve
m‘\:‘ U1 198 See also Mutnal alve
vulmx Y0 tn < ntwwois murmur
‘,u(n“:' . \‘\ 97 30%
o u":.‘:\ 'h',n.u:sam woshs with 267
":,m wla weptal defert aath 263

treu 1) valve 224727
Sterro teth) cpe 40
Stethosetpe
aroy tic 40 57
amplibvne 59 )6
amphiter 37 9
uthophane for 73 ,7
lowd pesker with 8 o
microt hones for 65 4
bells for 41 33 45 81
tanaural 1313 40 42 48 %0
bone conduction transducers for 89
diuaphra m che t piece 4438 21
differential 40
fitting of ear pieces 55 §7
trequency responses ani heat ouni qual
w98
raghic recordings with, 59 96
history of 3 121§
miensty sshations eflects of 83 85
Laemnee 3 1213
monaural 40 42 493 50
phonocardiography with 89
prinaiple of opetation 41 53
ound filters for 85 %6
tubing dimensions effects of
Summation gallop 140 141
Surgery
continuous murmurs from shunt operations

0.55

s
effects on heart sounds in tetralogy of Fal

lot 300
effects on murmurs of atnal septal defect

281
effects on murmurs of patent duct,

Tio us 264 o e
eflects on murmurs of tricu ps) atregsa 308
of mitral valve dustohe murmur in 142
Pulmomc suff cingy muthur af

monary vahvotomy 303

Symballaphone 40
Svphsbs
aotbe msuffinency e 330 35¢
BortitL n 330
Svstole
Epical pre yutolic murmurs 15 166
ameal $ystolic murmurs 14 156 158
atrisl sounds 1n 134 m
eatly ystalic chicls
1
Tl ey e 45 143 See glso Chck
Presystalic 135 136
t?nl 0 dothic slenogs 219 291

fter pul

Tachycardia 337 339
Paravysmal atnal 33
Wnus 318 i

‘ehtnoular 339
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Third heart sound

mn atrial defect foramen sccundum 274

n atnoventricular block 326

duration of 122 124

i Fbsteins anomaly 309

graphic registration of, 114 115

in mitral msufficency 175

n mutral stenosts 191

congemital 294

n patent ductus arteriosus 251

mn transposition of pulmonary vemns 283

m ventrcular septal defect, 266
Threshold of hearng 25 28 35 84

cardrum movement at 24 25
Thrill systolic in a0rtic stenosis 210 291
Thrombi ball valve

obstructing mutral valve 163

and trrcuspid stenosis 224

Tones 22 . }:;,l—/
perception times for 31 \\‘ -
Trl::nsducers U\/ 7/‘/&
artum titanate, 73 .
bone conduction 89 7
clectro acoustic 74 \Iy
prezoelectric 91 R \r
Transmission of heart sounds 37 e

Transposttion

of aocta and pulmonars artery 285 286
of pulmonary veins 282 285
Treuspid systolic murmur in rheumatic car
ditis 235
Tricuspid valve, 221 229
atresta  congenatal, 306 303
insufficiency, 221 224
heart ounds in 222
murmurs m 223 224
Jupular venous pulse mn disease of 227 228
tiver pulsations i disease 228 229
obstruction of atmal gallep 1n 137
regurgitation atral gallop 1 137
stenosis 224 227
functional 226 227
orgame 224 226
Trigonowdation 209
Truncus arteriosus
257

continuous murmur In
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Tubin, dimcn 10ns of stethoscopes effects of,
50 55
Tumors of atrium
obstructing mitral valve 163
and tricuspd stenosis 224
Tympanum movement at threshold of heat
ng 2425

\alsalva mancuver, mitral diastolic murmur
m 181 o
Valsalva sinus of, rupmﬂ 258
Valvular diseases 171 230 See also spectfic
valres
aortic 198 211
mitral 171 194
pulmonic 213 220
tricu pud 221 229
Vemns pulmonary
partial anomalous drainage of, with atmal
septal defect 281
transposition of, 282 285
Venous hum 253
\enous pulse tracings jugulir
m gallop sounds 133
with phonocardiopraphy 4 90
n tricuspad valve disease 227 228
Ventricle
atnoventricular block 322 329
dilatation
aptcal diastolic murmur n 161
mutral insufticiency in 171
cctope beats 330
gallop 141 142
premature beats presystolic murmur in 180
pressure tracings with phonocardiography 5
septal defucts 265 272
aortie regurgitation with 270
pulmonary vascular obstructton with 269
pulmonic stenosis with 268
rupture after myocarcial infarction 161
single 272
tachycardia 339
‘ibograms of heart sounds 111

Waves sound See Sound
Weber Fechner law 28
Wenckebach s phenomenon 234 321






