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PREFACE TO SECOND EDIEJO}S’UE_._W

Work upon o new and wilarged edition of l\umor':_'Syn‘o’mn
of Digestive Diseases was Just getting under way at the time of
s death and as s close associate the task of completmg the
work fell ta me On approrchng the problem however 1t soon
heeame apparcnt that because of the recent accumulation of
new and important information resultin,, from rescareh m gas
troenterolon a hook of the <ynopsis type wonld be madequate
1t wns deesded therefore entirely to rewrite the book to reset
it new format and {o publich it as a Handbool of Digestur
Duscascs

This volume represents an attempt to pat down the ilient
and essentinl fadts eoncernin,, ¢ istromtestinal diserses Tt as by
no means itended to be a comprehensie treatise  Rather it
18 2 twofold effort first 2 coneise presentation of the funda
mental aspeets of digestnne diserses and second an appronch
to the subject on 2 sound physiologieal basis The fact that
mistroenterology 1 important and msepirible segment of
mtein il mediene has been stressed threu, hout

The close relationstup T was privileged to engoy with ™
Tantor m private practice m chmeal work on the wards of
Montefiore Mospital and in the teaching of postgraduate stu
dents will whdoubtedly be refleeted m this ool  The Synopus
was umque 1n that 1t essentinily represented Dr hantor s own
viewpoint  Thus book 15 based 1 part on the course m gistro
enterology guen anuually at Montefiore Hospital  In addition
I have drawn heavily upon the observations of my collengues
o% Bellevue and Montefiore Tlospitals To the latter mstitution
T owe a debt of gratitude far the liberal use granted me of 1ty
unmatehed collection of clynieal and pathelogieal daty A cntiend
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6 PreErace

evaluation of many mmportant contributions by others m this
field has been meluded and for those who wish to explore the
subgect further 4 seleeted bibliogriphs Iargely limited to recent
contributions has been 1dded This book 13 essentialls 2 new
work for which I bear the responsibihty

I <hould bke to thank Dr Lows Leiter Chief of the Medieal
Division VMontefiore Hospital who read the manuseript and
oftered many critienl and construetive suggestions My andebted
ne § to um s profound In the preparation of the chapters on
~ustritts md peptie ulecr T have had the invaluible asaistance
of Dr Toseph B Rarner of the Univeraty of Chicago To Dr
Alfred Angrist T am obhigated for assistanee m deseribing the
pathologieal specimens and photomicrogriphs and to Dr Harm
D lem for mid m prepang the chapter on Diveases of the
Vouth DPr ‘orris Pearlmutter has ertieally read and edited
a large part of the book TFor the opportumities afforded me to
study gastromtestinal eases on the wards of the Iourth Vedieal
{New Yok Univerats) Division Bellevune Hospital I am
mdebted to the Director Dr Charles H Nammack Mis
Marg iret Bothy1 Vediey Records labrarian Vontefiore Hosp
t1l was extrumely helpful i providmg data mcorporated m
the text My sccretiry Ahss [ilhan Agestie his worhed mde

fatipably to prepare the manu cript for publicition

The sections on Ireable Colon ind - Constipation  have
bien tiken m liree part from Dr Kintor ¢ contributions on
these subjects an Tortis & Dueases of the Dwgestire System ¥
im writeful to Dr Sulnes v Portis and to the publishers Lex
L Fibtaer for permuvion to @ e this miternsl The sime pub
It hers have allowed me to quote from  Drugs Used m el
Dugneas {(Part 1) Tesiew of fecent Dteriture  whieh
appered m the tmerican Journal of Mcdial Sewences Novem

ber 194¢
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The kind undestinding and considerntion whieh mv wife
sue to the problem at hand greatly cied and helped along, an
undertahing which otherwise would hiave been forbudding

Fmally, without the helpful mterest and mwght throwh
the vears of Tavette B Dow this and much else would have
heen 1mposable

Asriiony M hovaen

New York



PREFACE TO FIRST EDITION

This book 15 an attempt to present simpls, clearly nd con
cisely  the essentral ficts concerning the diseases of digestion
An cffort has been made to preserve the proper balinee between
stress and subordination, mcluston and omission and to empha
size throughout the ways m which gastroenterology fits mto
the larger field of internal medieme To this end the opening
chapter on elassifieation has been designed for early orientation
clinienl syndromes common to many diseases have been elvbora
ted as fullv s posstble and a final section has been devoted to
di.estion symptoms 1n extradigestive diseases

In the preparation of this book the writer has drawn on his
chimeal records for much of huis basic statisties as well 15 on
s practieal experience n teaching gastroenterology to hoth
undergraduate and graduate students The current hiterature
m pertodienls and m special monographs has heen earefully
and 1t 1» hoped ertically utihzed Owing to the himitations of
spice individual acknowledgments eannot be given as freely s
the wrter would wish or m the form of complete references
Only those names are eited which are required for ercdrt bee wse
of literal or approximate quotation

The allustrations most of them omgmal and all of them
drawn espeeinlly for the author by the shilled hand of Mr
Alfred Femnberg 1nelude several syvnoptic charts devised for
the dingrammatic presentation of the more 1mportant diseases
The sheteh of mucosal visualization i Fig 18 15 based on an
Mfustration n Ifurst and Stewart s  Gustrie and Duodenal
Ulcer and that of volvulus i Fig 20 1s copled from Thorek ~
article (J A M A 81 639 1923)

The specenil diet forms arc dernved 1 practieally all instanees
from the Montefiore Hospital Manual of Diets prepared under
the gmdanee of Miss Lenma I' Cooper
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The manusenipt has been read by Dr Allen O Whapple Pro
fiscor of Surgery Columina Univerats De L Tachiwatz Chief
af Medienl Diviston Montefiore Hospital wd D Terome A
Marhs Vivting Phyacian Harlem Hospital  The Seetion on
selustosomiasis has been read by Dr Ramon T Sifre Assistant
Professor of 1Ty niene m the School of Tropieal Medieme Puerto
fico  The writer wishes to express his thanks to all these for
their courtesy

Toun T, Kanronr

New Yark
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HANDBOOK OF-*
DIGESTIVE DISEASES

Chapter 1
CLASSIFICATION OF DIGESTIVE DISORDERS

T or purposes of discussion digestas ¢ disorders may be grouped
under one or more of the following heads

1 Those due to constitntional digestive snferonty

2 Those due to acquired digestive disease

3 Those due to extradiestive disease

Constitutional infenority may m turn be divided mto orgame
and functionnl types Orgamg conshitutional mnferority resnlts
from congemtal anomalies®f the digestive tret Tunctional
constitutional inferronty results from congemtal instability of
the autonomic nervous system

Acquired diease 1s either toxie metabolie infectious trau
fmitie o parsitie i nature  In many eases 3ts onigin 1s obseure

Prnimary disease i other systems of the body often causes
reflex symptoms in the digestiv e apparatus Prominent examples
are the dyspepsins of cardioyaseular degeneration of phthisis
of lead poisoning and of syphilis

The cause of neoplasms 18 still unknown but there seems
to be meresing evidence (Macl in) that the predisposition to
tumor formation 1s wmherted If thig theory proves to Le
correet our coneepiion of the role played by constitutional
(1e hereditary) faetors 1n the production of digestiy e disorders
will hase to be greatly expanded
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APPROACH TO CARDIOLOGY

enihised communities 1n the more temperate zones of the world It
1s sesponsible for about one third of all such deaths and for an
annual mortalty rate in the general population of zbout o 4 per cent Both
merdence and mortality curves have been nising steadly for many years a
fact which 15 not fully explaned by ageng populations and by the control
of ifectious fevers pulmonary tuberculosis and pyogenic infections The
tneidence and mortality rate of cancer for example shows no comparable
nse Ischaxmic heart disease particularly 1s on the increase
The relatnne incrdence of the vanous forms of heart disease classified
according to etiology 1s guven below

I l FART disease 1s by far the most common cause of natural death in

Per cent

Congenttal heart disease 2
Rheumatic heart disease 25
Bactenal epfdocarditss 2
Syphilitic dortitts 3
Ischemic heart disease 25
Hypertensive heart disease 30
Pulmonary heart disease 5
Thyrotoxic heart disease 5
\liscellaneous and uncertain 3

100

HISTORY TARING
To take an accurate and relesant history 1s one of the most difficult
and important arts 1n medicine Sometimes a complete diagnosts can
be made from the history alone and not infrequently the possibilities
can be whittled down to two or three A good hstory shouid at feast ind:
cate the system mvohved or 1t should point unerringly to some group ot
groups of dnseases A common mustake 1s the farlure to analyse any grven
ly 1ncard lar work this apples especially to pain
breathIeSSnesa palpitations and syncope The student 1s usually taught to
encourage the patient to tell hus story in his own words and to record them
more or less verbatim Yet such an account may be verbose irrelevant
mnaccurate and misleading It 15 an axtom that the leading question must
be avoided at all cost yet again an expenenced physicran must know that
A I
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the abulity to put the appropriate leading question at the night moment and
the intelligent interpretation of sts reply are invaluable Itis not pretended
that leading questions may not lead to false information 1f the power of
therr suggestion 1s not appreciated by the questioner and it 1s agreed that
much may be lost by failure to allow the patient freedom and time to
express his complamts 1 his own way but the average patient will not
mentton half the available mformation until he 1s pressed and the data
freely gnen must be cheched as at the bar For example 1n the differential
dragnosis between a neural and non neural somatic lesion an accurate
description of the quality of the pain may determine the 1ssue immediately
yet the majonty of patients will volunteer no information concerning the
quality of pan and 1f asked to describe it will do so tnadequately They
may say 1t 1s aching or sharp but fail to cnlarge on this even when urged
to do so In answer to the leading question  Does 1t tingle’> however
they may reply at once 1n the affirmative It 15 essential to realise that the
matter does not end there that such a positive reply to a leading question
demands the most penetrating cross exarmnation until the questioner 1s
satisfied that the pain really does tingle and that the pattent 1s not merely
saymg so because 1t seems the easier answer It 1s scarcely too much to say
that the best history taker 1s he who can best interpret the answer to a
leading question  Appropniate leading questions can only be ashed how
ever when the proffered hustory has provided sufficzent data upon which
to work and »f the physician has suffictent knowledge of the possibilities
then entailed It 1s this latter factor which males 1t easier for the expert
than for the student

CLINICAL ENAMINATION

There are two metheds of examining a patsent the first begins at the
top of the head and ends with the toes a method often adopted for the
«ake of convenience the second 15 to examine the various systems of the
body one by one 1n logreal sequence The procedure recommended here
1s concerned only with the cardiovascular system but 1t 15 essentral of
course that all other systems be examuned

Inspection W hile extracting the history the physician should be making
a prehmunary general inspection He should pay particular attentton to the
head and neck looking for goitre and for the cye signs of thyrotoxicosts
for Corngan s sign and especialls for jugular pulsation He will note the
general build and appearance of the patient Iis attitude and demeanour
and should form some 1dea of hus character He should observe plethora
pallor or cyanosis He may see that respiration 1s hurried 1rregular
shallow orwheezy or he may detect the tell tale sigh of emotional tension
He 1s sure to glance at the hands noting their postute shape colour and
behaviour he may discern clubbing of the fingers spooning of the nuls
tremor or palmar sweating All these things and many others he will learn
to observe without effort taking note of them without seeming 1o do so and
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1n such a limited surves may be put on the track of the corrcct diagnosis
and be forewarned where to look most diligently for further signs
Determinina the presence or absence of congestive heart farlure Congestine
heart failure 1s revcaled by an elevated svstemic venous pressure distension
and tenderness of the ver nd dependent dropsy 1 eft ventricular farlure
on the other hand 1s morc clearly mdicated by the lustory Ehe venous
‘may be d by g the cenical vens and 1s fully
constdered 1 Chapter lhe exammer should not feel putlty of he
switches from tnspection of the neck to palpation of the Iner to discover
whether or not that organ 15 engorged nor should he feel embarrassed 1f
he desires to turn from the nght hypochondrium to the feet and sacral
regron 1 search of edema f he be criticised for gymnastics he may reply
that he 1s more concerned with the logical sequence of his thoughts
Lhe pulse Tt s customary to examune the pubs first at the wnst and to
constder 1t n terms of speed rhythm tension amplitude and quabity atthe
<ame time 1t 1s conyentent to note the state of the artental wall Whilst speed
and rhythm may be checked by auscultation of the heart and tenston by
sphygmomanomety the quality and amphtude of the pulse wave can onhy
be analysed in penpheral vessels and are features of great diagnostic
importance [ hus an anacrotic or plateau pulse of small volume signifies
aortic stenosis 3 bisferiens pulse combined aortic stenosis and incom
petence awater hammer pulse vasodit andsoon A should
next be directed to the other radial artery  thence to the brachials carotids
emorals posterior tibials and finally to the dorsal artcries of the feet
Dufficulty 1n locating the radsal artery may be due to its taking an aberrant
dorso lateral course Weakne s on one or other side usually denotes proxi
mal compression as from ancurysm of the aorta but a weak left radial
pulse may be due to an ctopic origin and aberrant course of the left sub
clavian artery “T xamimation of the brachial arteries 15 particularly fruitful
both with respect to the pul « wave and to the state of the vessel itself and
should never be neglected "1 he carotids may present a thnll or shudder
suggesting aortic stenosis Corrgan s sign indicating aortic incompetence
or kinking from atherosclerosts Routmne palpation of the femorals would
1nsure the immediate recogmition of coarctation of the aorta in nearly all
cases dimimished and delayed pulsation being charactenstic and pathogno
monie The presence of pulsation 1n the vessels of the feet should always
be recorded 1f only for subsequent reference Finally the colour and tem
perature of the hands and feet should be noted if they are warm an
attempt should be made to detect digital throbbing and capillary pulsation
‘The latter 1s best demonstrated by means of transillumination
The blood pressure Approximate estunation of the blood pressure by
clinical means 18 not onlv passible but should be practised regularly with
expertence 1t 1s easy to tell whether 1t1s low normal or lugh and the pro
cedure takes but 2 moment The physician should stand 1n front and to the
night of the patient and should compress the nght brachial artery with his
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right thumb while feeling the right radial pulse with the fingers of Hus left
hand the force required to obliterate the pulse represents the systolic blood
pressure The alternative method of placing three fingers on the radal
artery the first to compress the vessel above the second to feel the pulse
and the third to obliterate the ulnar collateral below 1s difficult cumber
some and less rehable
In cardiovascular work howeser the blood pressure should always be
measured with a mercural manometer or 1f an anerord instrument 1s used
1t should be calibrated 1t frequent intersals agatnst the standard mercurial
type I'he patient must be comfortable whether lying or sitting and must
have had time to recover from any recent excitement or exertion ‘The arm
should be bared to the shoulder to avoid constriction from clothing and to
facilitate proper application of the cuff The latter should be fitted closely
and evenly round the arm so that 1ts low er edge 15 one inch above the bend
of the elbow and the middle of the rubber bag lies over the brachial artery
Preliminary readings should be taken by palpation as the cuff 15 inflated
the pomnt at which pulsation can no longer be felt in the brachial artery
represents the systolic blood pressure s the cuff 1s deflated brachial
pul gradually a water } quality and then abruptly
resumes 1ts normal character the reading corresponding to this sudden
change represents the diastolic blood pressure Readings obtuned on infla
tion should be checked on deflation and vice versa Vv hen approaching an
end pawnt the pressure must be altered slowly 1n the cuff Che palp:\mq -
method avords the pitfall of the 1 y gap, and 18 fl d b,
subjective auditory defects nevertheless 1t must be cheched by ausculta
tion The stethoscope should be applied Iightly and accurately over the
brachial artery just below but not in contact with the cuff The latter 1s
then mnflated to a pressure of some 30 mm Hg above the systolic pressure
as found by palpation and slowly deflated ‘The accepted systolic blood
pressure 1s the highest level at which successne sounds are heard As the
pressure 1s further lowered 1n the cuff the dull thud of the upper limuts 1s
replaced first by a murmur and then by louder and sharper sounds the
point at which these slapping sounds suddenly become muffled should be
taken as the drastolic pressure When there1s vasodilatation especially when
a d with aortic incomp sounds may still be heard when the
cuff pressure 1s reduced to zero but normally they disappear a few mm Hg
below the change over
W hen there 1s hy pertension sounds may disappear as the cuff 1s inflated

1s not rare prel v pilpation prevents possible error If

there are ectopic beats the higher pressure of the beat which follows the
ectopic should be ignored In auricular fibrllation only approvimate read
ings can be obtained the systolic pressure should be taken at the poimnt
where the majority of beats come through the diastolic where the majonity
of beats become muffled As the blood pressure normally vanes by a few




APPROACIHI TO CARDIOLOGY g

mm Hg with respiration 1t may be suitably recorded to the nearest
multple of five

The above recommendations are freely borrowed from the joint report
of the commuttees appointed by the British Cardiac Socicty and the Amen
can Heart Association for the standardisation of methods of measuring, the
artenal blood pressure (1939)

The normal systolic blood pressute lies between 9, and 145 mm Hg
Whlst 1t 18 true that apparently normal subjects betwcen the ages of 40
and 60 tend to have higher sy stolic pressures than those betwcen 20 and 40
1t 1s not true to say that 2 normal blood pressure should be 100 mm Hg
plus the age of the patient in years On the contrary 1nsurance compantes
well recognise the value of low figures and it 1s probable that the higher
average pressures of the middle aged and clderly are due to atherosclerosts
(1 ewis 1938) The normal diastolic blood pressure ltes between 60 and go
mm Hg T'he mean pressure approuimates to the diastolic plus one third
of the pulsc pressure

A common source of error 1n blood pressure estimation results from
falure to obtain a basal reading this may be due to impatience or to lack
of recognition of emotional or other phystological factors Whenever the
pressure 1s found to be rused the cuff should be Jeft 1n positron so that a
second reading may be taken at the end of the examination Casual measure
ments in healthy young adults who are 2 hittle anxtous often regster 160 go
mm Hg but if the patient 1s put at ease and allowed to rest quietly on a
couch this figure may fall steadily to normal fevels It must be thoroughly
understood that the maximum normal blood pressure of 145/g0 mm Hg
1s basal ‘The question of pre hypertensive levels will be discussed later

Slight dispanity between readings taken from each arm 1s common
espectally 1 atherosclerotic and hypertensive subjects but the difference
rarely exceeds 5 mm Hg (Amsterdam and Amsterdam 1943} The blood
pressure ts sometimes taken 1n the legs with the cuff above the knee and
the stethoscope 1n the popliteal fossa In the average normal individual m
the horizontal position the blood pressure 1n the legs reads 20 to 40 mm
Hg above that m the arms This difference 1s lessened if the body 15 tilted
Tead down and increased 1f 1t 1s trlted head up The discrepancy appears
to depend upon the cuff method of estimating the blood pressure for 1t s
not found when the blood pressure 1s measured by means of drrect arterial
puncture(Loman ezal 1936) In the standing position the systolic pressure
1n the arms measured at heart level usually shows no apprectable change
but 1n 33 per cent of normal subjects 1t drops about 10 to 15 mm Hg the
diastolic pressure rises about § mm Hg 1n 48 per cent of normal subjects

drops about § mm Hg 1n 12 per cent and remams unchanged m 40 per
cent (Currens 1948)

The ocular fund: Before leaving the perspheral vascular system the
ocular fund: should be d The ophthal pe should be used
with both eyes open and with esther hand so that one may hold the instru
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ment with the night hand when exanuning the patient s right eye and with
the left hand when evamining his left eye There are four features of
partrcular interest to the cardiologist the appearance of the disc the calibre
of the arteries the presence of hemorrhages and the presence of exudates
Details are described on page 423

EXAMINATION OF THE HEART

Having gleaned as much information as possible from general inspection
from searching for signs of falure and from examining the penpheral
vascular system one majy turn with advantage to the heart itself and duly
mspect palpate percuss and auscultate

Inspection The position and character of the cardrac impulse 1f visible
and of any other thoracic pulsation should be noted In this way left or
night ventricular hypertrophy gallop rhythm dilatation of the pulmonary
artery and aortic aneurysm may be detected Preecordial deformity may be
obsersed and if due to the heart mdicates 1ts enlargement during the
period of thoracic growth Depression of the sternum or other thoracic
deformuty should be noted for it may alter the shape or position of the
heart Systolic indrawing of the thoracic wall 15 not abnormal if 1t occurs
over the right ventricle and may be seen 1n the antertor aillary hine when
there 15 gross cardiac enlargement as a sign of adherent penicardum (see
page 351) 1t should be locked for posteriorly over the last two ribs as
descrnibed by Broadbent (1895)

Palpation The apex beat which 1s a geographical paint should be deter
mined by locating the exact site of the maximum cardiac impulse The
physician s hand should be placed over the region of the fifth left inter
costal space mn the nipple line 1n order to ascertamn 1ts approvimate positron
the middle finger should then be directed vertically over 1t and shifted
about until the maximum thrust 1 located This rather than the lowest
left point of such pul ation 15 theapex beat Its position should be recorded
with reference to the intercostal spaces to the rud line and to the mid
clavicular Itne It 1s usually mn the fifth intercostal space 8—g cm to the left
of the mid line or just within the mid clavicular hine If 1t 1s Jocated beyond
these confines the possibility of displ from scol elevation of
the diaphragm or from pulmonary or pleural lesions should be considered
before concluding that the heart 1s enlarged

The character of the cardiac impulse 15 as important 1f not more impor
tant than its position (the apex beat) 1t should be sensed both with the
palm of the hand and with the finger tip The qualities of heaving thrust
g over action tapping and triple rhythm can only be learned at the
bedstde

Palpation mav next be used ta detect the presence of thrills preferably
1n forced expirators apneea This manceuvre brings the heart and great
vessels closer to the chest wall encourages the lung to retract from its

buffening position and lessens the chance of confusing cardiac with respira
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tory phenomena The vibration sen ¢ of normal individuals varies consider
ably, but mcreased perception comes with expenience and good technique
Thnlls should be timed agarnst carotid pulsation
Finally palpation mayv be employed to detect abnormal pulsations of the
great vessels especially from aneury m of the ascending aorta or from
dilatation of the pulmonary artery
Pereussion 1 he value of percussing the heart his given nse to much
dispute many modern cardiologists mamntaining that 1ts place has been
taken by the far more accurate and fertile method of radiogeaphy The older
school however modestly suggest that it 1s a useful bedside method which
gnes reliable and helpful information of practised dihigently and if its
Iimatations are appreciated Certawnly 1f a fluorescope 1s avaable per
cusston 15 pointless but a fluoroscope may not be asarlable or the patient
may be so il that only a portable \ ray machine can be used and the
distorted shiagram so obtatned 1s hable to gross misinterpretation In such
cases percussion may be of value and by constant practice the phystcran
should learn what can and what cannot be expected from 1t
‘The approximate posinon of the left border of the heart may be checked
when the apex beat 1s difficult to Jocate and dullness beyond the known or
probable confines of the apex beat may sometimes be detected 1n cases of
pertcardial effuston
It 1s impossible to determine the right border of the heart by percussion
unless there 1s aneurysmal dilatation of the right aunicle On the other
hand pericardial effusion even of moderate degree can often be demon
strated
It was once customary to spezh of relatrve and absolute cardiac dullness
the latter being the note heard o3 er the area of heart not covered by lung
but 1t 1s doubtful whether this d can be D
or absence of cardiac dullness however 1s a useful sign of emphysema
Percussion at the base may be rewarded n perrcardial effuston there
being characteristic duliness in the second left interchondral space when
the patient les flat also in substernal goitte and 1n antersor aneurysm of
the aorta when a band of dullness extends laterallv from the manubrium
sterni
Auscultatton When a man buys a teol for some specific purpose he
usually takes care that 1t 1s the best available for the particular job 1 hand
It 1s therefore strange that a superstition has grown up within the medical
world that the older and more disreputable a stethoscope the better that
1t 15 not the stethoscope which matters but the man behind 1t This of
course 1s nonsense Vhen a student fails to hear 2 murmur which 1s heard
easily by another exchange of stethoscopes quickly leads to mutual under
standing There 1s another curious tradition fostered by many who appre
ciate the value of a good stethoscope that the chest prece must be bell
shaped and that any other type espectally the flat diaphragm (Bowles) 1s
permicious  This doctrine 1s as unreasonable as the first for there 1s no
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doubt that certain high pitched sounds, espectally aortic diastolic murmurs
and faint tubular breathung which can be heard with ease through a Bowles
may be inaudible through a bell The physical laws which govern ausculta
tion have been studied by Rappaport and Sprague (1941) The drameter of
the Bowles chest piece should be about 13 inches the cup should be shallow
and its edge sharp (fig 1 o1 a) Good materral for the draphragm is photo
graphic or X ray film washed clean in hot water and cut to shape Ihe
rubber tubing must be thick and should fit snugly to the connections The
wnternal calibre of the whole system should be nowhere less than the
diameter of the hole m the centre of the
chest priece which should measure about

5mm A good bell stethoscope (fig 1 ot b)

1s better for detecting low pitched sounds

ta) Bowles such as soft mutral diastolic murmurs

moreover 1ts range of sensitnity may be

increased by varying the force with which 1t

1s applied to the chest wall Light contact

accentuates low pitched sounds firm pres

sure high pitched sounds The cup should

not be too deep and 1ts diameter should not

be less than one inch

There are two other types of stethoscope

which deserve comment the monaural

wooden mstrument of by gone dys, and

Bell

&) Be the aifferential stethoscope (symballo

Fig 1 01 —Binaural Stetho phone) The ngid wooden stethoscope 1$
scopes

rarely used nowadays but by combinng
aural and tactile senses 1t facilitates the recognstion of gallop rhythm The
differential stethoscope 1s constructed as shown in fig 102 and may be
used to compare the timing of sounds onginating at different sites and to
determine the direction 1n which a murmur 1s propagated (Lserr etal 1937)

Auscultation of the heart can only be learned at the bedside but the
following advice may be helpful to students The pracordium should be
examined all over not just at areas where individual vahe sounds are
expected gallop thythm penicardial friction and certain important mur
murs will not then escape notice It 1s enough to listen to one thing at &
time thus when an expert hears a soft elustve mutral diastolic murmur
hitherto overlooked 1t 1s not necessarily because he has better ears or 2
better stethoscope but because he has acquired a more selectve power of
concentration Basal murmurs and pertcardial friction are heard most easily
In expiratory apnea tricuspid murmurs in nsprratory apnea mutral
murmurs 1n the left lateral position especially after exercise or after the
mhalation of amyl mitrite Heart sounds should be timed against carotrd
pulsation 1f difficulty 15 experienced due to tachycardia the heart may be
slowed by carotid sinus compression
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‘The heart valves lie so close together that a stethoscope placed over
them transmits sounds from all making 1t difficult to distinguish one from
another Certarn favourable arcas have come to be recognised however at
which ezch valve may be studied selectively Although such areas represent
mavumum punty of particular valve sounds they do not represent max
mum intensity Thus 1if a valve sound or murmur 1s famnt it may be
mudible at the site of selection yet heard clearly elsewhere Aortic diastolic
murmurs for example with the possible exception of those assocrated with

3 L 3 L
1

&S c <

A 8 A 4

Fig 102~—The D flerential Stethoscope (3 varietres) Sounds trmvelling from A to B
reach the night ear before the left giv ng the impress on of movement n that direction

syphilitic aortitis are usually heard much better down the left border of
the sternum than at the aortic area (second night costal cartilage) Agam
both zortic systolic and drastoltc murmurs are occasionally maximal at the
mtral area (apex beat) It follows that analysis of cardiac sounds and mur
murs requires more than geographical data Whilst the propagation of a
basal murmur may help to distingush between aortic and pulmonary
responsibility propagation of a central or apical murmur bears more
relation to the intensity of the sound than to its site of origm and 15 of little
value 1n differential diagnosss The quality and timing of murmurs how
ever are very mmportant and will be discussed later

The Heart Sounds The first heart sound 1s due almost entirely to mutral
and tricuspid valve closure Its intensity depends chuefly upon the position
of the cusps at the beginning of ventricular systole partly upon the volume
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of lung covering the heart or upon the thichness of the chest wall and
perhaps least upon the degree of ventricular filling and the strength of
ventricular contraction — unless changes n these functions are extreme
The position of the valve leaflets at the beginming of ventricular systole
depends upon the P R interval the loudest first sound 1s produced when
auricular contraction forces the leaflets wide open immeduately before the
ventricles contract (P R around o 10 second) but when there 1s a relatnely
long delay between auncular and entricular excitations (P-R= 0 2 second)
the cusps may float into apposition before the ventricles contract and hence
shut quietly (Doch 1933) The loud first sound of the hyperhmetic cir-
culatory states 1s simlarly produced 1n that a relatnel high and effectne
filling pressure Leeps the cusps wide open until the last possible moment
whatever the auricles are doing
The second heart sound 15 due to zortic and pulmonary valve closure
Although the aortic element may be heard best in the aortic area tn the
nech and at the apex beat and the pulmonary element in the pulmonar
area no such distinction 1s entirely relable In normal indiniduals both
elements can usually be heard espectally 1n the second and thurd left
interchondral spaces close to the sternal border In chifdren and adolescents
the split 1s often obvious (grade IT) particularly towards the end of mspira
ton The first element 1s aortic the second pulmonary In adults recogm
tion of spliting may be more difficult {grade I) but becomes easter with
experience Pathological sphtting (grade I11) 1s due to delay 1n pulmonan
valve closure and ts usually due to nght bundle branch block or possibly
to delay 1n the emptying time of an over filled nght ventnicle Shght delay
1n aortic valve closure may bring the two elements together and so cause
a single second heart sound There seems to be a tendency for this to occur
with advaneing years With left bundle branch block the aortic element
may lag behind the pulmonan element but rarely so much as to cau e
more than reversed grade I sphtting
Recognition of a split second heart sound at once proses that both sem1
lunar valves are functioning and thus excludes pulmonary stenosts Recog
nition of grade 111 sphtting 15 also helpful because the hnowledge that
nght bundle branch block 15 probably present mayv be of considerable
diagnostic importance
Accentuation of the second heart sound mav result from systemic or
pulmonary hypertension the chinical circumstances rather than the site of
maximal intensity usually decide which although 1t may be possible to tell
directly 1f there 15 also wide sphitting If the ding aorta or p y
artery 1s unusually close to the anterior surface of the che t ether because
1t 15 abnormal or because 1t 1s scantiy covered by lung and chest wall the
second heart sound 1s also loud Conversely a soft or absent second heart
sound 15 usual in emphyvsema
The third heart sound and other varieties of triple rhythm are discussed
elsewhere (page 164)
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Ixammation of the lungs Whilst routne examination of all systems 1s
necessary 1n any spectality examination of the lungs 1s peculiarly signtheant
1n cardiology for several reasons to detect any abnormality assocated with
the pulmonary arculation cg congestion cdema 1nfarction hvdro
thorax and the like to see if there 1s any pulmonary cause for anoramea
espectally emphysema to note whether there are any changes in the lungs
which might be secondary to bronchial obstruction due to pressure from
some cardiovascular leston such as pertcardial effusion or aneurvsm of the
aorta to reveal any thoracic or mtra thoracic cau ¢ for cardiac displace
ment e g scoliosss  pulmonary cullapse or fibrosis pleural effusion

or clevation of the d

" Lamnation of the other systems 1 here 1> 1o need to go nto these
detail but 1t must be recognised that important clues to cardiovascular
diagnosss lie outside that system ‘T hus atnial septal defect may be suggested
by arachnedactyly rheumatic actinity by erythema margimatum  diph
thentic carditis by paresis of accommodation or palatal palsy  ben: ber
heart and pertarteritis nodosa by pol)ncurms bactenal endocarditis by
the combination of fever anemia petech y and clubbing of
the fingers thyrotoxtc heart disease by remote ﬁndmgs i the eyes neck
and hands syphilitic aortitis by signs of syphilis elsewhere especially in
the central nervous system and so forth

SPECIAL TESTS

History taking and routine physical examation are supported by
fluoroscopy and electrocardiography These two methods of mvestigation
are so umportant that a special chapter 1s devoted to each (Chapters If and
II1) There are however certatn other tests which may be used with
advantage i appropriate circumstances and which may be described con
ventently here some are beyond the scope of the general practittoner but
are included to foster interest and understanding

Durect measurement of the venous blood pressure Whlst elesation of the
venous p 1s usually detected cl 1ly with little difficulty there are
occastons when 1t 1s valuable to check 1t by direct measurement The sub
Ject should be propped up at an angle of 45 degrees because patients with
orthopneea cannot lie flat and the techmque should be the same for ali
cases The right arm bared to the shoulder 1s abducted to a right angle
and supported on pilfows so that the antecubital fossa 1s roughly at heart
level An infuston needle ¢ d to a spinal or similar
graduated glass tube 15 then imserted into the antecubstal vern the zero
mark on the manometer being placed at the level of the fourth costal cartt
lage by means of a spint level the height to which blood rises abosve this
mark represents the venous pressure Alternatively the zero mark may be
placed at the level of the sternal angle or of some other reference pomnt To
avoud clotting a saline reservorr contaiung a drop of heparin should be
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attached to the syvstem by means of 2
T shaped glass connexion as shown n
figure 103 a few ml of the solution being
allowed to flow through from time to time
Wath this modsfication the manometer con
tains saline mstead of blood The result
should be expressed m cm of water (2
horizontal hine through the fourth costal
carulage with the patient at 45 degrees cuts
the superior vena cava just above its
junction with the nght auncle} or i cm of
water above or below the sternal angle If
the technique 15 satisfactory the saline
column should mse and fall genty with
respiration and should nise sharply when
the arm 15 constricted above the needle The
normal venous pressure as s¢ measured
ranges between 2 and 10 cm of water and
averages 576 cm (Wood 1936) expressed
with reference to the sternal angle 1t may
be plus or minus o to 3 cm 1 relatnely
Fig 1 03—Appatatus formeasur  horizontal posttions
ing the venous pressure The crrculation time 1 he circulation time
M umomt g dutdw m
C e PR mav be measured from the antecubital fossa
to the head and neck wvia the heart and
tungs Numerous substances may be uved for the purpose and fall chuefly |
mto three groups illystrated by sodwm cyamde histamine and sodum
dehvdrocholate If 0 25100 §ml of 2 per cent sodium cyamide 15 injected
iwrto the antecubital ven the patient takes a sudden deep breath when
the substance reaches the carotid simus the respiratory reflex bemng
mtiated by direct chemical action (Robb and Wess 1934) The end
pont 1s therefore objective Sodium cyamide 1s rapidly rendered mmert by
oudation so that the test may be repeated almost immediately iof
necessary Unfortunately patients vary constderably an thete susceptibilaty
to the drug and as this cannot be predicted the mmimum dose must be
tried first the sensation of choking and strangling which may follow too
farge a dose 1n sensitive individuals may be very unpleasant
Histamine phosphate (Weiss Robb and Blumgart 1928) in doses of
ooo1 mg per hg of body weight n 1 5 000 solution induces a sudden
factal flush when 1t reaches the capillaries of the head and neck It 1s not
recommended owing to the uncertain end pont and subsequent headache
recorded times are too long
A 20 per cent solution of sodum dehydrocholate (decholin suprachol)has
been used extensnely and has given satisfactory results but 1t sometimes
causes \ormting (Winternitz e¢ af  1931) A dose of 3 to § ml 1s injected
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rapidly through a wide bore ncedle the patient having been warned to
raise the other hand smartly the wnstant he should notice a strange taste in
or under the tongue This taste 1s peculiarly 1ntense and bitter so that it 1s
difficult for the patient to be mustaken about the moment of 1ts arrval and
objectine confirmation may be obtained by the involuntary grimace which
accompantes it The time should be measured from the beginning of the
mjection to the end pomnt descnbed and in normal tndividuals averages
13 5 seconds with extremes of g to 18 seconds (Wood 1936) A concen
trated solution of saccharin (2 5 G 1n ¢ ml of water) 5ml of 10 per cent
caleyum gl and other sub may be used stead
of decholin but nene have a more definite end point Saccharin 1s less
unpleasant however does not cause vomuting and may be injected
repeatedly when senial observations are required

The arm to lung tme mav be measured by njecting 0 25 ml of ether
into the antecubital vein ats arrval in the capillaries of the lung being
signalled by a sudden cough or deep breath and by the smell of ether in
the expired air Amy! acetate may also be used the smell of pear drops
being unmistakable when 1t reaches the fungs [ he normal ume averages
6 seconds and ranges between 3 , and 8 seconds (Hitzig 1935) The test
has a hmited value as explaned on page 163

The passage of radioactive sodium through the chambers of the heart
may be recorded in the form of a ime concentration curve by means of a
Geiger Muller counter specially fitted with a direct wniting attachment
(Prinzmetal ef al  1948)

CARDIAC CATHETERISATION
Although first performed by Forssmann (1929) on himself the intro

duction of cardiac catheterisation as an aid to clintcal diagnosis 1s largely
due to the work of Cournand 1n the US A and of NcMichael and
Sharpey Schafer 1n England The median cubital vein of erther arm 1s
exposed and the tip of a special nylon catheter mnserted in the manner of
introducing a cannula The catheter which has been previously washed
through with saline and i the hilt of which 1s an adaptor connected with
a5 or 10 ml syringe loaded with saline 1s then pushed up the vewn under
fluoroscopic control 1ts curved tip being directed medsally Any obstruction
may be overcome by rotating the catheter a little one way or the other

hunks at the thorauc mlet may be passed during deep mspiration some

times 1t may be necessary to exchange the catheter for one with a more
curved tip or even to use the other arm Venospasm 1s avorded by proper
skin anzsthesta and by choosing a catheter that 13 not too large for the
vem When the tip of the catheter lies 1n the right auncle the syringe 1s
removed and the adaptor 1s connected by means of 2 rubber tube and
Y prece to a saline manometer and reservoir mto which a drop of heparm
1s added The catheter 1s flushed from time to time by releasing the clip
below the reservoir or a continuous drip techmque may be employed The



Fig 1 04 (top)—Catheter n right branch of Fig 1 o6—Catheter m right branch of the
the pulmonary artery pulmonary arten (znd oblique position)

Fig 1ro5 (bortom)—Catheter in nght
branch of the pulmonary artery (1st

obligue posiion)y
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- Fig 1 o07—Catheter m left branch of the Fig_ 1 o8—Catheter 1n left branch of the
pulmonary artery pulmonary artery (1st oblique position}
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best way to enter the night ventncle 1s to loop the catheter 1n the nght
auricle and to rotate the upwardly directed tip until it faces the tricuspid
orfice 1f 1t can then be passed through the valie 1t 1s in the right posttion
for entenng, the pulmonary artery Success 1s signalled by a sudden nse
of pressure in the and by { amplitude of pulsation The
catheter 1s then advanced inta the pulmonary artery (figs 1 04-1 0g) With
a s1line manometer only mean pressures can be recorded Llectrieal mano
meters with optical recording overcome this difficulty and provide con
tinuous graphic records show
ing systolic and drastolic levels
(Hamulton ef al 1934) Ten
ml samples of blood may be
taken under paraffin from
appropriate chambers for esti
mation of ovygen unsatura
tion

Cardrac catheterisation 1s of
value as a means of obtaiming
samples of mixed venous
blood for estimating the
cardiac output 1 demon
stratng certain shunts and
1n meacurng the pressures in
the nght side of the heart If 5
litres of blood pass through
the lungs pur munute and
the arteniovenous  oxygen
difference 15 50 ml per litre
then the amount of oxygen
taken up by the lungsis 5 yo

Fig t og—Catheter 1n left branch of the pul
=z50 ml per mwute In monary artery (znd obl que position)

other words the cardiac out

putn litres per minute > the arterio venous oxvgen difference in ml per
Iitre = the oxygen consumption 1n ml per minute This princsple was first
enuncrated by Fick (1970) and 1s usually expressed as follows

Cardiac output (litres per mn )=
Oxygen consumption (ml per min )
Artero venous oxygen difference (ml per htre)

The ovygen consumption may be measured by means of a spirometer 1n
the usual way The arterto venous oxygen difference 15 estimated by
measurtng the oxygen unsaturation of 5 or 10 ml samples of blood from
the nght auncle and from the femoral artery obtained by means of cardiac
cathetertsatson and direct arterial puncture respectivelv subtracting one
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from the other and expressing the result mmi per Wtre Blood gas analysis
requires famibartty with Haldane s or van Shhe s apparatus The normal
resting cardiac owtput 1s about 5 Iitres per minute i the honzontal posstion
and 4 litres per rnute 1 the erect postion (McMichael and Sharpey
Schafer 1944) During exercise st may nise to 20 to 3o hitres per nunute
Intra cardiac shunting may be proved by finding sigruficant differences
i the degree of oygen unsaturation n samples of blood taken from
the venz cave and nght suncle as m atral sepal defect or from the
nght ventncle and pulmonary anery as in patent ductus In a normal
subject with 100 per cent heemoglobm the arteral blood contatns about
190 ml oxygen per hitre as the maumum oxygen capacity is about
200 ml per htte {page 17) this pives 10 ml oxygen unsaturation per
hire which 1s the figure obtamed by gas analysis Mived senous bloed
usually gnes an unsaturation salue of about Go mi per ltre this may
be expressed as 200 mnus Go==140 ml per litre oxygen content of 23
%gz ¥ 10070 per cent oxygen saturaton Complete myung 1s alvays found
m the pulmonary artery and usually 1n the sight ventncle but stream
Iming sn the nght auncle may give nise to false readings if there s an
appreaable difference between supertor and mfenor sena cava samples
Proof of an ntra cardiac shunt 1s rarely accepted untess the oxygen
unsaturation of samples from different parts of the night side of the heart
differ conwistently by more than xo mi fhtre
The notmal mean nght auncular pressure hes between —~2 and 2 mm
of mercury with reference to the centre of the auncle in the recumbent
position or between —8 and — 4 cm of saline with reference to the sternat
angle Ihe effectnve filling pressure of the heart 1s the auncular pressure
mnus the negative ntra thoracic pressure 1e o—(—3) mm Hg = +35
mm of mercury The mean nght ventricular pressure s 10 to 15 em of
saline abose the night auncular pressure the nght ventricular systolic
pressure 15 20 to 30 mm of mercury (Bloomfield ef al  1946) The mean
pressure in the pulmonan artery 1s about the same as that wm the night
sentescle the pulmonary diastohe pressure bewng very low Measrement
of such pressutes may provide valuable mnformation 1n diagnosss and
research
Fhe chuef nisks of cardiac cathetensation are paradowcat embohsm m
cases of veno artenal shunt ngors due to pyrogens n the apparatus and
subsequent thrombo phlebiis Paradovieal embolism may cause heru
plegia or cerebral abscess and great care must be taken w hen ms estigating
cases of right to left shunt heparin should be g en through the catheter
at the start in 2 dose of 25 to somg  according to the age and weight of the
patient (£ g per hg body weight) and ar must be nigidly excluded from
the system  especially when changing svringes during samphng Rigors
can be very dangerous sn cases of sexere mutral stenosis ar feft ventricular
fatture when the resulting rse of venous pressure may precipstate an attack
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of acute pulmonary cedema As the rubber connecting tubes carry saline
only, the pyrogens may be assumed to come from the hining of the catheter
which should either be destroyed after a rigor or thoroughly cleaned with
hydrogen peroxtde T hrombo phlebitis 1s rarely serious but may give rise
to transtent swelling of the arm and Il to p

Infection may be avoided by careful aseptic lcchmquc and by gring a
massive dose of pecillin immedsately after the procedure In cases with
night to left shunt thrombo phlebntis should be treated with heparin with

out delay (sec page 434)

Artertal oxygen saturation \With a normal hemoglobn of 15 gm per
cent one hitre of blood should contamn 15X 1 34X 10=201 ml of oxygen
when fully saturated because 1 G of hxmoglobin 15 capable of holding
134 ml of oxygen As normal artersal blood 1s gy per cent saturated 1t
contains at N TP roughly 190 ml of oxygen per litre neglecting a small
amaunt held 1n solution 1n the serum he demonstration of an abnormal
degree of artenal oxygen unsaturation 1s helpful in proving the existence of
a veno artertal shunt or of some discase of the lungs causing failure of
proper oxygenation of the blood mn the pulmonary urculation eg severe
emphysema

Samples of arterial blood may be obtained from the femoral artery by
direct puncture An ordinary intramuscular needle attached to an all glass
syringe containin,, a hittle paraffin should be plunged almost vertically into
the vessel The femoral blood pressure then hifts the barrel of the syringe
which fills with blood accordingly no aspiration s necessary On with
drawing the needle the site of puncture should be compressed digitally for
at least 2 minute Some misk 15 attached to the procedure if the vessel 1s
unduly sclerotic when a severe hamatoma may result The sample of
artenal blood 15 analysed as mentioned 1n the preceding section

Vatal capactty This 1s easily measused by means of a spirometer During
normal respiratron the amplitude of the graph represents the tidal arr
usually about 500 ml The complemental air 15 registered by the additional
upright deflection mscribed when the subject takes a maxumum msprration
The reserve air 1s represented by the additional downward deflection
mscribed when the subject takes 2 maimum expiration Each averages
about 1 500 ml The vital capacity 1s the sum of these three measurements
{fig 1 10) and averages 34 to 4 itres being higher 1n men than in women
Tt has been found to be proportional to the surface area of the body which
may be calculated from height and weight by reference to standard tables
The vital capacity 1s decreased particularly tn emphysema and mn heart
failure with pulmonary congestion

Lung volume and residual arr 'The residual arr 1 that which remams m
the lungs after a complete expiration and may be estimated 1n the following
way The patient 1s d with a sp known quan
tities of awr and oxgen and encouraged to breathe quietly and to become
accustomed to the wmstrument The vital capacity and reserve air are

8
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measured 1n the usual way Owvgen 1s admutted at a rate equivalent to s
uptahe so that the graph remams flat 1 he patent 1s then disconnected
and a known quantity of helium (hvdrogen 1s not altogether safe) 1s intro
duced into the system The percentage of this gas 1n the spirometer 1s next
measured by means of a Khatharometer (Mc\Michael 1939) and should
tally with the calculated percentage When the patient 1s agan connected
to the aireuit helium diffuses into the lungs until equilibrium 1s reached
The capacity of the space into which the gas has diffused may be calculated
from the fall in the percentage of helium 1n the spirometer Wath certan
corrections this represents the reserve ar plus the restdual air As the
former 1s already hnown the latter may be calculated by subtraction The
total lung volume 1s the vital capacity plus the restdual arr

In emphysema reduction of vital capacity 1s balanced by an increase in
the residual air so that the total lung «olume remamns normal In pulmonan,
congestion however the ital capacity 1s reduced at the expense of the
total lung volume the residual asr ged and s a
of the amount of extra blood held 1n the pulmonarv circulation

The jugular phlebogram The polygraph 1s an mnstrument for mahing
simultaneous graphic records of two or more vascular pulsations “Mac
Kenzie (1902) used the mk polygraph and concentrated on the jugular
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Fig 1 11—Jugular phlebogram
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phlebogram as a means of analysing abnormalities of rhythm Although the

instrument 1s now rarely used in chinical work owing to the development
of the more fruitful electrocardiograph 1t 1s still necessary to understand
the significance of the venous waves tn the neck There are three 1n each
cardrac cycle labelled a ¢ and v (fig 1 11} The first represents aurrcular
contraction and disappears when the auricles fibnllate It may be distin
guished clearly in many cases of heart block as an 1solated event between
two mamn jugular beats The ¢ wave signals 1sometric ventricular contrac
tion and closure of the tricuspid valve In the neck 1t merpes mto the arte
fact caused by carotid pulsation The v wave occurs after a longer mterval
1ts msing lmb sigmifies mncreasing venous pressure resulung from con
tinued venous return agamst a closed tricuspid valve and reaches uts peak
the instant before the valve opens when the pressure promptly falls The
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summut of the v wave 1s therefore used as a means of timing the opening
of the tricuspid valve, and therefore of the mitral The reduction of venous
pressure causing the trough (x) after the a wave 1s due to auncular relaxa
tnon The trough (x,) between ¢ and v represents the negative pressure
created by descent of the atrio ventricular septum and marhs the systolic
ejection phase The final trough (y) followimng the summit v 1s due to
release of aunicular pressure following the openmg of the tricuspid vahe

Simultaneous jugular phlebograms electrocardiograms and phono
cardiog have helped derably in the elucidation of gallop rhythm
of the third heart sound and of the opening snap of mitral stenosis Optical
recording has replaced the graphic method employed by Mackenzie so
that errors due to the mertia of lesers 1s rummised

The arterogram There are numerous methods of recording pulsation
from any superfictal artery but those in which the graph 1s optically
registered are preferable They are of hmited clinical value because they
reveal hittle which cannat be discerned with the trained finger A normal
arteriogram (fig 1 12) usually exhibits two waves P and D The former 1s
the percussion wave and represents the rapidly transmtted shock of left
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ventricular contraction 1t 1s a pressure wave and must not be confused
with blood flow Its velocity 1s 5 to 8 metres per second and 1s myersely
proportional to the elasticity of the artery The length of the wave1s 3 5
to 5 metres D 1s the dicrotic wave and 1s produced by the shock of aortic
valve cosure The latter synchronises with the mnensura N (dicronc or
aortte notch) which precedes the dicrotic wave Under certain circum
stances eg 1n combmed aortic stenosts and mmcompetence a second
systolic wave T follows the percusston wave This 1s believed to be a tidal
wave the tail of the percussion wave being suddenly augmented by the
reflection of 1ts head from the periphery (Bramwell 1937)
Phonocardiography  The heart sounds were first directly recorded by
Frank (19o4) and modifications of his oniginal methods are still widely
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used A stethoscope 1s applied to the chest wall and connected through a
rubber tube witha Frank s capsule This consists essentially of 2 very thmn
rubber membrane to which a small mirror 1s attached A beam of light 1s
focused on the mirror and reflected onto 2 camera umit Electrical amplt
fication was developed by Einthoven (1907) and has been employed 1n
many ways smee but has hittle advantage over the direct method (Onas
and Braun Menendez 1939) Tracings should be timed against the jugular
phlebogram which 1s the etmplest means of recording all mechanical events
in the cardiac cycle (fig 1 13)
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Fig 1 13—Ph h wth el d and ,upulnr phiebo-
gram l\o!e the third heart sound and absence of murmu:
(By court 1y (Dr Fanc Card evand \a Zooh)

Phonocardiography has been largelv restnicted to academuc and research
umits but desenves to be employed more widely as a routme aid to diag
nosis It has proved valuable in the elucidation of extra heart sounds and
m the precise timng of murmurs

Balhstocardiography 'The ejection of blood from the heart 1s accom
panied by a recou] of the whole body 1n the opposite direction proportional
to the mass ejected If the body 1s placed honzontally ona speaiallv con
structed couch the recoil ts may be hrcally ded The
ballistocardiogram has been used chefly to measure changes m cardiac
output but the form of the graph may give other mformation about the
funcuon of the heart (Starr 1941 Starr and VMayock 1948)

GENERAL TESTS

Of more general tests examination of the urine renal function tests the
blood count the blood Wassermann reaction and the hahn reaction and
the basal metabolic rate are most valuable 1n cardiovascular work Their
technique w1ll not be described but 1t 1s pertinent to make a few remarks
concerning them

Examnation of the urine The unnary findings may be helpful 1n cardio
logy i four man ways First albuminuria 1s commonly present 1n con
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gestive heart failure the diagnosis of which should be carefully cheched 1n
its absence Second diabetes melhitus may be associated with coronary or
peripheral atherosclerosis Third red cells are nearly always found 1n the
urtne during the course of bacterial endocarditis and their repeated absence
1s enough to question the diagnosis the positive finding 15 less significant
for red cells may appear in the urine 1n many other conditions Fourth the
urmnary findings in hypertenston are of paramount importance

Renal function tests The blood urea urea clearance and urine concen
tration tests are those commonlv employed Their chief value 1s in hyper
tensive heart disease It should be borne 1n mind that the blood urea 1s
often raised up to about double the normal 1n congestive heart faillure from
any cause with a corresponding fall i urea cl Renal function tests
are usually normal 1n embolic nephritis and 1n renal mfarcts

Blood count Increased activity of the red marrow with reticulocytosts
1s frequent 1 congestis e heart fmlure especially when associated anoxema
can be d rated as m pul y heart disease Polycythemia 1s far
less common except in congenutal heart disease with cyanosis 1 he effect
of anemia on the heart 1s descnibed 1n Chapter NI\ Here 1t 1s only
necessary to say that the anzemia which may be assoctated with rheumatic
or bactenal endocarditis and with malignant or chrome nephntic hyper
tension 1s usually normocytic and orthochromic Anzmia associated with
myxadema 1s variible and may be orthochromic or hypochromic 1 the
latter however 1ron deficiency 1s usually present as well

Leucocytosis may occur 1 rheumatic carditis and n bactertal endo
carditis but normal white counts are common in both and mdeed leuco
penta occurs 1 about one third of cases of bacteral endocarditis The
leucocy tosis of myocardial infarction 1s transient lasting little longer than
the fever Repeated white counts are necessary as a check agamst the
development of agranulocytosis durmg the course of thiouracil therapy
and during prolonged prophylactic treatment with sulphonamides

The erythrocyte sedimentation rate The LS R 1s helpful in cardiology
mn several ways 1t 1s the most sensitive guide to the presence of activity
rheumatic carditis 1t 1s accelerated 1n sy philitic 20rtic ncompetence which
may thus be distinguished from old rh and atherosclerotic varieties
1ts characteriste behaviour 1n myocardial infarction serves as a useful index
of progress 1ts acceleration 1n the various forms of hypertenston runs more
or less parallel to the degree of renal imolvement being rapid 1n nephritic
and mahgnant hy pertenston and normal in the bemign type 1t 1s retarded
by congestne heart fallure the development of which may suddenly alter
a reading of 80 or so 1 rheumatic carditis for example to one below 10
Readings are normal m congenutal heart disease (or low 1f there 1s poly
cythemia) 1n old rheumatic heart disease 1n uncomphcated angina
pectons 1n thyrotoxicosts and i myxeedema (Wood 1936)

The basal metabolic rate As thyrotovicosts and myvedema are not un
common causes of cardiosascular disorder and thtouracil 1s sometimes




APPROACH TO CARDIOLOGY 23

used to induce myvxadema 1n stubborn cases of angmn pectons and con
gestive heart falure the BM R 15 frequently measured in cardrovascular
chnies It 1s important thercfore to understand that readings are often
clevated in heart failure from any cause if theress dyspnaea for under such
ar truly basal d; cannot be realised
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CHAPTER Il

RADIOGRAPHIC DIAGNOSIS

TLCHNIQUL
HLRI are at present five radiological methods applicable to cardio
fogy 6 oy orthodiagraph leradiographt hymography
and ang diography T { ) 15 a routine diag

nostic procedure onhodmgmph) 15 the ccnstrucuon of a simple tracing of
the size and shape of the heart i any spearfied position as a supplement
to fluoroscopy teleradiography gives a more accurate record and should
be preferred when faclities permit kymography 1s a method of recording
the ch: and amplitude of cardrac pul: angiocardiography is the
study of indnidual cardiac chambers or vessels with the aid of intravascular
contrast media

FLUOROSCOP}

Vith modern \ ray equipment 2 remarkably clear view of the heart may
be obtamned The patient should be stripped to the waist and pressed
close to the viewing screen The
diaphragm  which controls the
diameter of the beam emutted
from the \ray tube 1s first
opened wide 1 order to view
the thoracic contents as a whole
In this preliminary survey attention
1s paid to the lungs to the costo
phrenic angles and to the general
size and shape of the heart The
diaphragm 15 then constricted so
that only the heart can be seen and
the latter 15 observed more critically
The size shape and pubation of &\ po o of sncern poste or
each part should be noted 1n regular  view of the heart a seen fluoroscopically

sequence On the right side (fig xR,

201) a fant shghtly concave line R OB YT

representing the superior vena cava AR OR%

descends from the sterno clavicular }':\X A ? 2‘ wal o oag
[

region close to the shadow of the
vertebral column until 1t meets the ascending aorta which both dis
places 1t to the right and causes 1t to become convex Below ts the border
of the nght auricle which usuallv meets the diaphragm at a shightly acute
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angle The left border of the normal heart 1s made up of three convex
curves from above downwards these are the sortic knob or knuckle, the
pubmonary arc and the contBur of the left ventricle Between the last two
there 15 a small neutral segment or pomt of opposing movement which
marks the left aurnicular appendage aboie it the pulmonary artery expands
during systole while below the left ventricle contracts The hilar shadows
are chiefly vascular the nght pulmonary artery may be seen drviding early
mnto upper and lower branches the former being indistinct the latter
sweeping downwards 1n a well defined arc the left imb of the pulmonary
artery forms the main pulmonary arc described above

Fig z o —Dagram of right an
terior oblique view of the heart as
seen fluoroscopically (15t oblique

Fig 2 03—Dragram of left an
terior obltque view of the heart
s seen fluoroscopically {znd

position) oblique position)
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The patient 1s then turned mto the first or nght anterior oblique
position  T'he obserser should place his gloved hands on the patient s hips
and manually rotate him (so that the nght shoulder 1s brought to the front)
until the position 1s satisfactory The arms should be extended the left
fornards and outwards the nght backwards and outwards In this view
(fig 2 a-) the ventricular shadows are superimposed and the nght auricle
15 rotated towards the front so that Iittle can be learned about these three
chambers on the other hand the left auricle 1s outhned clearly as 1t forms
the upper part of the posterior border of the heart Just anterior to the top
of the left auricular cunve a rather dense round shadow may be seen due
to the bift of the pul! v artery itis d with the anterior
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ventricular border by 2 convex hine representing the root of the pulmonary
artery and conus of the mght ventnicle Above 1t are the superimposed
shadows of the ascending and descending parts of the aortic arch If the
patient 1s made to swallow 1 banum emul 1on of the consistency of thick
cream the asophagus 1s outlined at the bach of the heart under fasourable
conditions 1t 15 indented in turn by the arch of the aorta by the pulmonary
artery and left bronchus and by the left auricle The left bronchus may be
seen between the asophagus and the rounded shadow of the dividing pul
monary artery Detween the eesophagus and the vertebral column there
should be a translucent space
In the second or left anterior oblique posttion (fig 2 03) the patient 1s

turned to the night through an angle of about 45 degrees the left shoulder
being brought forwards In this view the two ventricles appear side by
side the left farmung the postenor border of the heart shadow and the
right the antenior so that their contours can be readily compared The
shadow of the nght auricle overlaps that of the nght ventnicle the shadow
of the left auricle hies posteriorly above the left ventnicle Cramally the
aorta and putmonary artery may be seen as two arches one above the other
separated by a hight space known as the sub aortic window and crossed
by the translucent trachea and left bronchus The rortic arch and descend
ing aorta are well defined and shaped Iihe aninverted J but the pulmonary
artery 1s less distinct Above the aorta 1s another hght space the supra
aortic trangle bounded by the vertebral

column posteriorly by the left subclavian

artery antenorly and by the aortic arch below “

‘The barium filled asophagus 1s deflected to the

patients might as it crosses the aortic arch Ve :‘ KA
then lies 1n close relation to a short segment of AA °

the descending aorta leaves that vessel at about PAN _iap
the level of the pulmonary artery and courses

downwards and to the subject s nght across the kA RY

shadow of the left ventricle Ve ) <
ORTHODIAGRAPIH'} Fig 2 04—Orthodiagram of a

Clips should be fitted to the viewing screen  mormal subject (AP view)

to enable tracing paper to be held firmly in F¥E& L
position To make an accurate tracing of the LAy LA7 ™ . 4,
heart shadow or orthodugram (fig z04) g% Af'“M
special attention should be paid to five ports  £{ Reb L

First the positton of the patient must be 3} § 4,710

properly adjusted to the view required he

must be pressed firmly agamst the screen and he should hold on to
some support so that he can remaimn still Second the tracing should
be made 1n mid nspiration and ay 1t cannot be completed 1n one period
of breath holding lIines which move with respiration should be checked



Fig 2 os—Teleradiogram of a normal sub
ect (AP iew)

Fig 2 ob—Teleradwgram of a normal subject Fig 2 07—Teleradiwgram of & normal subject
{tst oblique position) (2nd oblique posttion)
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more than once Third to avoid distortion the cardiac outhine must be
traced by means of parallel rays this 1s accomplished by constricting the
diaphragm to the smallest aperture ¢ with adeq
Fourth the greatest accuracy must be maintained when tracing the interior
thoracic wall 1t 1ts widest pomnt and the lateral borders of the cardac
shadow, <o that the cardio thoracic ratio 1s rehable Fifth the fimshed
orthodiagram should be cheched agamnst the shadows traced to make sure
the patient has not moved dunng the procedure

Fluoroscopes suntable for cardioscopy are so constructed that the \ ray
tube may be moved casily in any direction by the lever which operates the
diaphragm In making the tracing the small ight spot 1s run swiftly over
the contours of the heart greatyesscls clavicles interror thoracic wall and
diaphragm With cxpenence it mav be completed vern quickly without
danger of over exposing the patient or over heating the tube nevertheles
a good techmcian switches off the current whenever momentanly dis
engaged Tluoroscopy and orthodiagraphy are usually carried out with a
power of 6o hilovolts and a current of 3 to 4 milhamps  but with obese
subjects 1t may be necessary to step up the hilovolts to 6, or 70 tn order
to obtain sufficient penetration Tracings are made with a wax penail and
1t 1s helpful to add signs denoting the degree and direction of pulsation of
important chambers and vessels

TELERADIOGRAPHY

Skiagrams of the heart are always taken at a tube screen distance of at
least 6 feet preferably of 7 feet to avord distortion by diverging rays The
duration of exposure should be half a second to ensure a dastolic record
To obtan a systolic record a sery short exposure and a special timing
device are required  Skiagrams of the oblique views are best taken when
the most nformatne degree of rotation has been ascertained by previous
fluoroscopy The normal appearances are 1llustrated mn figures 2 0y-2 07

KYMOGRAPHY

A specally constructed kymograph may be attached to a teleradiograph
for the purpose of recording cardiac pulsation (Stumpf 1931) A lead
screen contmming horizontal shits 11 mm apart 1s interposed between the
film and the patient s chest and made to descend 1 cm during one com
plete carduae cycle The timing of the exposure 15 adjusted to synchrontse
wath the descent of the gnd In kymograms so obtained the Jateral borders
of the heart and great vesscls appear toothed like the edge of a saw (fig
2 08) the ventricular crests representing duastole the troughs systole Pul
satton 1s recorded 1n only one dimension 1¢ 1n 2 plane parallel to the film
butif the three standard views are photographed the records are suffictently
comprehensive

The electrokymograph 1s a device for securing an accurate graphic
record of pulsation at any pomt on the cardiac border (Henny and Boone



Fig - 08—ormal kymogram (A P vien )
By owtty fD Jemer B & )
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1947) A photosensitine prch up umit 1s placed between the patient and
the screen so that the lead sht aperture ltes across the border of the
heart at the point where 1t 1s destred to rccord pulsation  Ihe amount of
Iight transmtted through the aperture varies with the movements of the
cardiac border and 1s recorded graphicallv by means of a galvanometer
operated by the photo electric cell The mterpretation of the graph 15
assisted by a 1 Jugular phlebogram or other refe tracing

ANGIOCARDIOGRAPII}

Individual cardiac chambers mav be visualised by introducing 20 to 60
ml of 70 per cent aqueous solution of diodrast or other contrast meda
(e g diodone) intrasenously (Robb and Stemnberg 1938) 1ts course being
recorded by means of serial shiagrams taken at mntenrvals of one half to one
second with the atd of 2 rapid casette changer (Sussman Steinberg and
Grishman 1941) or sen1l fluorophotographs may be obtained by means
of a special camera or cinematograph (Stewart Bremmer and Mater 1941)
Contrast outhnes of the night and left sides of the heart may thus be studred
separately

Pattents may be seated or lying down A long cannula of 6 to ¢ inch
fength of wide bore plastic tubing 15 inserted mto the antecubstal vein
and tied m posttion A 50 ml syrnge 1s used and the diodone 15 1njected
through the cannula as rapidly 2s possible—usually within two or three
seconds according to the volume If a special camera muluple casette
changer or cinematograph 1s not avarlable good pictures of the night side
of the heart (fig 2 0g) may be obtamned by exposing a film the instant the
plunger 1s home "To obtain a satisfactory shiagram of diodone m the left
ssde of the heart (fig 2 10) without a special photographic unrt 1s more
difficult but the techngue 1s facilitated by measuring the circulation time
beforehand If 5 ml of sacchanine or decholine 1s used for this purpose
the time obtained will prove too long to record the left stded angrocardio
gram for the large volume of diodone injected increases the speed of
the circulation considerably It has been found by expertence that this
momentary acceleration almost halves the circulation ime Due allowance
should be made for this when calculating the best time to expose the film
Alternatrvely however the same cannula and the same volume of flurd
used for angtocardiography may be employed for measuring the circulation
time diluted saccharine giving a satisfactory end pomnt Under these cir
cumstances the times should be 1denttcal

The method has already been of service in determining the nature of the
bump between the pulmonary artery and left ventsicle i cases of matral
stenosis showing 1t to represent the left auricle rather than the conus of
the night ventricle (Robb and Steinberg 1939 Grishman Sussman and
Stemnberg 1944) 1n establishing the diag of certain I shunts
e g Fallots tetralogy (Stewart Bretmer and Mater, 1941) patent ductus
(Stenberg Grishman and Sussman 1943) severe pulmonary stenosis




(b) Second oblique position
Fig 2 09—"ormal angiocardiogram of the r ght side of the heart
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{b) Second obl que position
F1z 2 10—No mal angiocard ogram of the left s de of the hea t
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with atnal septal defect Lisenmenger s complex, and tricuspid atresa
mn demonsteating coarctation of the aorta (Grishman Stemberg and
Sussman 1941} and partial or complete superior yena cava obstruction
(Taylor and Shulman 1942) and in distmgusshing aneurysms of the
aorta or pulmonary artery from other mediastinal masses (Thompson
1941)

CARDIAC MEASUREMENTS

Numerous measurements have been elaborated to serve as mdices of
enlargement of the heart or of one or more of sts chambers but they do
not compare with expert opimon based on the methods already outhned
The most rehiable 12 the cardio thoracic ratio which 15 the transvene
chameter of the heart (fig 2 11} over the
widest nternal duemeter of the thorax and
which should not exceed 05 In normat
adults the transverse duameter of the heart
averages 12 2 cm i the male and 11 em
n the female the range beng 810 145 om
{Roester 1937}

The fong diameter 1s measured from the
junction of the supenior vena cava and nght
aurscle to the apen of the left ventnele and
Fig 2 ti—Diagrem showsng lies between 10 and 155 om  averaging
the common cardiac measare 13 em  (Raesler 1937} It 15 especually m

ments creased 1 cases of left ventricular enlarge
ID Ton ndmry
BB Bramom v ment but 5t 58 afso relatnely ncreased in the
LD Longd
LD, fered wr long narross heart of asthemic subjects

‘The broad diameter 1 the sum of o
perpendiculars drawn from the long dameter to the nght cardio phrenic
angle below and to the pownt of opposing movement on the Jeft border of
the heart abose and measures 7 0 11 cm i normal adults with an
average of g cm (Roesder 1937) 1t may be tncreased 1 cases of mutral
stenosis and pulmonary heart disease when the transverse and long
diamcters are normal

T'he locaton of the pont of opposing mosement 1s mportant for it
tends to be rased or lowered according to whether enlargement :s mamly
left or nght ventncular resp ely Simylar 15 hed to the
tength of the chord which subtends the arc of the left ventncle measured
from the potnt of oppostag movement to the left cardio phreme angle
this line 1s normally 6 to 125 em long and averages g om (Roesler
1937)

The snteso posterior diarneter of the heart is measured from telerad @
grams taken m the fateral posiion and vanes betsveen 7 and 11 em 5 wath
an average of g cm It 15 a useful check on the sigmificance of an inereased
transserse drameter for sf thus is due to cardrac enlargement the antero
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posterior diameter should be increased proportionately whereas of 1t 15
due to depression of the sternum the depth of the heart 1s decreased The
antero posterior diameter 1s especally increased sn mutral stenosis

The width of the aorta (2 to 3 cm ) mav be measured m the antero
posterior or oblique positions whicherer presents the clearest view of two
sides of the vessel In the antero posterior view the measurement should
be made from the Ieft side of the barium filled esophagus to the left border
of the aortic hnuckle but 1t 1s only vahd when the posterior part of the
aortic arch passes directly bachwards te 1n a direction perpendicular to
the frontal plane In the oblique views banum in the asophagus may also
be helpful mn the second oblique posttion for example the cesophagus
may be deflected abruptly as 1t crosses the aort1 so that the width of the
vessel 1s <een clearhy In practice a normal aorta 1s most easthy measured
1 the antero postertor view a syphihtic atheromatous or unfolded aorta
m the second oblique view

NORMAI 1 ARIATIONS

Both the size and shape of the heart vary greatly 1n normal individuals
thus i children and adolescents the pulmonary artery mav be relativelv
promunent (fig 2 12) 1n lean asthentc subjects the heart mav be elongated
and central in positton (fig 2 13) in short stocky individuals it 1s apt to Lie
transversely (fig 2 14)

Displacement or rotation of the heart to left or night 1s often due to
scoliosts the common finding being displacement of the heart to the left
the spmal cun ature being convex to the right Rotation of the spine with
out conspicuous lateral curvature may cause considerable displacement or
rotation of the heart W hen cardiac displacement 1s due to partial collapse
of the lung increased transt of the over expanded normal lung on
the same side 1s usually observed and 15 2 valuable sign when the collapsed
part cannot be seen

Shight enlargement particularly of the left ventricle and of the transyerse
diameter 1s often seen m patients with slow heart rates whether due to
sinus bradycardia smo auncular block or to heart block The enlargement
depends upon increased diastolic fillng, the slow rate being compensated
by a large stroke volume (fig 2 15) Shght enlargement of symilar type
may be encountered 1n athletes 1n some 1t may be explamned by sinus
bradyeardia which 1s common 1n these subjects but in others 1t mav be
due to the extra demands which have been made on the heart

In obese subjects the left cardio phrentc angle may be filled out by a
triangular pad of fat (fig 2 16) this must not be confused with left ven
tricular enlargement In cases of depressed sternum the antero postersor
shiagram may reseal general enlargement of the heart shadow but 1n the
oblique views the depth of the heart ts seen to be cosrespondingly reduced
(fig 217)

When such causes can be excluded and unsuspected enlargement of the
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Fig 2 16—Telerad ogram of an obese sub Tig 2 17—Apparent enlargement of the
sect sho g a trangular opacrty at the heart 1n & case of depressed sternum
apex of the heart {pencardnl fat)

(a) The heart m duastole (b) The heart 1n systole

Fig 2 18—Teleradiog ams of the same patent taben with short expo ure sho ving
ff renc 1n rse of he t sh dow 1n diastole and systole
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cardiac sithouette 1s revealed by a skiagram 1t 15 wise to check the tech
mque employed Portable X rays or pictures taken with the patient lying
or sitting may be miusleading owing to distortion Short exposures may
catch the heart 1n systole and a shiagram so obtamed may be appreciably
smaller than one photographed in diastole (fig 2 18)

The heart may be smaller than normal in many wasting diseases when
atrophy takes place but this 1s of little practical smportance

RADIOGRAPHIC ABNORMALITIES
'The tllustrations referable to this section may be found in other chapters
but for the sake of are also reproduced here

ABNORMAIITIFS OF THE AORTA

Saccular aneurysm (fig 2 19 a and b) 1s pathognomonic of syphilis It
may be disunguished from other space filing lesions by 1ts intimate con
nexion with the aort1 10 all viens by caleification of its walls and by 1ts

T ——— ot
G

Fig 2 19~Saccular aneurysm of the aorta
(a) Antero po terior view (b) Second obhique pasition
(Bycout y £5 3 hn Park nson)

pulsation a thrombosed sac however may not pulsate Angiocardiography
15 helpful 1 doubtfu! cases Fusiform aneurysm {fig 2 20) 15 usually

d with aortic and s alse prictically diagnostic of
syphilis 1t should be distinguished from undue prominence of the aorta
such as that commonly found in other forms of aortic incompetence (fig
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2 21) occasionally 1t 1s due to dissection associated with cystic medial
necrosis of the aorta Syphilitic aortiis without aneurysm or fusiform
dilatron cannot be diagnosed radiologueally with assurance although trregu
lanties of calibre 1f clearly demonstrable are suggestive

Unfoldtng of the aorta may occur 1n zortic valve disease 1n hypertensive
heart disease and n atherosclerosss ‘The ascending limb 15 conspicuous
the knuchle 1s unduly prominent and the descending himb appears to the

T . 20 (@)—Fusiform moeury m of the Fi, 220 (8)—Tustform aneurysm of the
gorta (antero po ter or view) aorta (znd oblique pos tion}

patient s left in the antero posterior view (fig 2 22) In the second oblique
position the arch 13 wader than normal and 1ts postenor part may pull the
@sophagus backwards (fig 223) Vigorous pulsation proclamms aortic
mcompetence rather than hypertenston or atherosclerosis
Tortuosity of the aorta 1s characteristic of
atherosclerosis 1t 1s best seen in the second “
oblique view but may be so marhed that the ~N Vd
descending limb appears to the nght of the :
heart shadow i the antero posterior view (fig
224) Caleification of the aorta (fig 2 25) 1
also charactensstic of atherosclerosis but may
occur i the wall of a syphilitic aneurysm
Coarctatton of the aorta (fig 2 26) may be
recogmsed by a relatively small absent or
elongated aortic knuckle by notching of the
nbs and by the 1ngiocardiographi. demon
stration of the constriction stself In addition

2 224 — Orthodiagram
illustrating tortuosity of the
aort



g 2 21—Prominence of the aorta due to Fig 2 22—Unfolding of the aorta m hyper
theumatic aortic incompetence tensive heart disease

Fig 2 23—VUnfolding of the aortic archillus Fig 2 25—Calcsfication of the aortic arch
‘trated by barium m the cesophagus
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Fig 2 6—Coarctation of the aorta showmg hypoplasia of the ao t and notching of the
mferior ma gans of th ribs
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the left ventricle 1s usually enlarged Absence of the aortic knuchle 1s also
associated with congemstal right sided aorta but the latter may be
distinguished by the behaviour of the barum filled cesophagus which 1s
then deflected to the patients left instead of to his right as it crosses
the aorta (fig 2 27)

Hypoplasia of the aorta ss rare as a solitary congemtal abrormahty but
1s common 1n associatton with certan other congenital or acquired lestons
especially atrial septal defect and mutral stenosts The aortic knuckle 1s
small and 1ts pulsation dimimished (fig 2z 28)

(2) Antero posterior Vies (b) Furst oblique position
Fig z 27 —Right sided aortic arch illustrated by means of barum in the cesophagus
By oouty fS Th Park )

ABNORMALITIES OF THE LEFT Y ENTRICLE

Left ventrscular enlargement 1s encountered chiefly n hypertenstie
heart disease and aortic valve disease but 1t 15 also seen 1n patent ductus
artenosus and 1n organic mitral incompetence and may occur 1n various
condstions 2s part of general enlargement It 1s eastly recogrused by the
density and bulk of the left ventricular shadow 1n the antero posterior and
second oblique posttions by increase in the transi erse and long diameters
of the heart and of the left ventricular chord and by elevation of the point
of opposing movement {figs 2 2ga and 2 20b) In hypertenston and aortic
valve disease the shadows of the unfolded zorta and of the heart stself may
be compared etther to two ovals set at right angles or to the shape of a
boot



Fig 229~Hypoplasa of the a>ta n a
case of mutral stenosis

(a} Ante o posteriir view (b} Second oblique pos tion

Tog 2 20—Enlargement of the left ventricle due to syph litc aort ¢ incompetence
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When there 1s left ventricular farllure the hilar shadows are exaggerated
repr g engorged pul y vessels (fig 2 29a) and there may be
fan shaped mottling spreading outward towards the periphery 1if there 15
pulmonary edema (fig 2 30) Hydrothorax may be present and if unt
lateral 1s usually left sided (Bedford and Lovibond r94r1)

aﬂ&

Fig 2 3o—Acute pulmonary edema due to left ventricular farlure in a case
of malimant hypertension

10;{» - ”

Left ventnicular aneurysm may present as a bulge on the left border of
the heart, usually towards the apex (fig 2 31) and may exhubit paradovical
pulsation \yocardsal infarction may be located with preciston in some
cases by the fluoroscopic demonstratton of an area with absent or para
doxical pulsation This can be well shown by kymography (fig 2 32)
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Fige 2 33—Dilatanon of th Jeft avriele formung 3 bump between the pulmonary arc and
Ieft ventricle i 2 case of organie tmtral incompetence
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DILATATION OF THE LEFT AURICIE

Conspicuous dilatation of the left auricle mnvariably means organic mutral
ralte disease but the chamber may be unduly full in cases of left ventricu
lar fmlure In the antero posterior view 1t may appear as a bump on the left
border of the heart between the pulmonary artery and left ventricle (hg
2 33) where 1t has been mistaken for the conus of the right ventncle The
best proof that this bump represents a dilated left aunicle 15 afforded by

Fiz 2 34~Dil tation of the left auncle Fig 2 37—Dilatation of the Jeft auricle

seen on both borders of the heart i the seen n the znd oblique position | th

antero posterior view i a case of m tral barum 10 the wrsophagus Case of mutral
stenos s stenos s

angrocardiography (Grishman Sussman and Stemnberg 1944) by passing
a catheter into the area tza a patent foramen ovale or by observing 1ty
pulsation m cases of heart block or mitral imncompetence On the night
border of the heart an enlarged left auricle may throw a convex shadow
above but overlapping that of the night aunicle (fig 2 34) The barum
filled cesophagus 15 usually deflected to the patient s nght 1n the antero
posterior view

In the right antertor oblique posttion the cesophagus 1s displaced back
wards n an abrupt manner immediately below the left bronchus and put
monary artery (fig 2 35) the antero postertor diameter of the heart being
mereased and the retrocardiac space decreased correspondingly Back
ward displacement of the cesophagus from an enlarged left ventricle 1s
rarely so abrupt or so high but on 1t may be nd hab
(fig 236) In the left anterior oblique position an enlarged left aurcle




Fiz 218 (ap—Ancurysmal dilatation «f the Jeft sunicle w & case of rmural
StEnost  ANTero po terior view

5o



Fig 2 38 (b)—Ancurys nal d latation of the left suricle 1 same ca e of m tral
stenos s Fist ob] que position
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causes the wsophagus to he deflected back
wards above the shadaw of the feft ventnicle
{fig 2 37)
Aneurysmal dilatation of the left suncle
(ﬁg 238 a4 and b) may be caused by
nutral sncomp or stenows
but st 1s probable that a high degree of
auricutar muscle damage 15 an smportant
contributory factor
Systolic cvpansite pulsation of the feft
Fu 2 30—Orthodiayram dlus auricle 1s pathognomonie of mutral incom
wating expan e pulsaion of  petence wsually organsc It is especially

he left auncle dunng ven  convincing when seen on both borders of
tricular systole i & case of
arganic mstral steno & the heart 1 the antero postenor view (fig

239) In the first obhique poution minor
degrees of backward pubation of the left auricle are often scen and must
be regarded as normal but the quahty and amphitude of the mosement in
organic mstral sncompetence are most wnpressis e and are eassly recognised
with experience Llectrohymographic tracings should prove helpful m
doubtful cases

1BNORMALITIES OF THE PUIMONARY ARTERY

Dhlatation of the pulmonary artery occurs chuefly in three congenital and
w three aequared lesions namely patent ductus arteriosus atrial septal
defect and pulmonary stenosss with closed septa on the one hand and
mutral stenosis pulmenary heart dicease and bers bers on the other Rare
causes nclude the isenmenger complex and capricious cases of patent
ntenentnicular septum without 2 dextraposed aorta sometimes no o\
planation 35 found

In patent ductus arteriosus {fig 2 40) dilatation and exaggerated pul
sation of the pulmonary arrery and its proximal branches are usually
assoctated with s hyperhinetic aorta enlargement of the left ventricle and
fullness of the left auricle Angiocardiography may reveal a shadow which
resembles a small ancurysm of the mfenor margin of the aortic arch where
1t 15 joned by the ducm: (S\.embug ot nl 3943) Atraal septat defect (hir
2 41} 18 ch, d by gross d p pulsation of the
pulmonary sriery and s tho main bmnches by a heavsly marked pen
pheral pulmonary sasculas tree by considerable enlargement of the nght
sentricle and nght auricle especrally f there 1s associsted mutral stenosts
(Lutembacher s syndrome) and by hypoplasia of the aorta (Bedford Papp
and Parkinson 1941) In pulmonary stenosis with closed septa dilatation
and vistble pulsation of the pulmenary artery are more or less confined to
the mam vessel {fig 2 42) and are shght or moderate i degree the nght
\entricle 18 enlarged but mot the auncle (unless there ss fulure) In
IS s complex derable dil of the pul } artery




Fig 2 4z—~Ihixtatzon of the pulmonan ars v
£1i, 2 jo—Dhilatation of the pulmonary artery in 8 case of pure pulmonar stenoss
and 18 hranches sscoctated wnh feft ven
tneular entargement due to patent dutlus

Fga 41~Dnhtanm of the pulmonary artery Tig 2 44—Diatat on of the pulmonary astery
Eis nenengee s complex «s acrated with pulmanary congestion in a case
By wt ) [Dr Mou Camphelfy of my trat stenoss
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Fi5. 2 41 ~Diletation of she pulmonary attery and its branches assocsated with hypoplasiz
of the sorta and night ventricular entargement m a case of utrial septel defect
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{2} 4ntero postenor view (b) st oblique postion

Fir 2 45—~Dilatation of the pulmonary sxters and 1ty ma n branches i a case of chronte
pulrmonan heart ditease duz to emphy sema

Ly

Fig 2 45 {c)—Second obligue pos tion Fig 2 46—~D) tatat on of the pulmonary artery
due to primary of diopath ¢ pulmonary hyp ©
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35 the rule (fig 2 43) as the shunt 15 from night to left the aorta 15 not
hypoplasic and the penpheral pulmonary sascular shadows are meon

spicuous The appearances n sentnicular septal defect resemble those of
patent ductus but the pulmonary artery 15 vsually less dilated

Fig 47The Cour en sabot due to Fallot s tetralogy

Of the acquired lessons mutral stenosts may usually he recognised by the
presence of aartic by poplassa and enlargement of the left auncle but these
are nat always evident (hy 2 44) moreover if there 1 zortic mcompetence
as well the aorta may be prominent and the left ventnicle enlarged If
there 1s @ bump between the pulmonary artery and Jeft ventnicle m the
antera pOSteniar view smutral stenoss (or incompetence) 1s certam whether
the shadow 15 believed to represent the left aussle or the conus of the nght
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ventricle for it does not occur 1n anv other condition In pulmonary heart
dicease the pulmonary arteny and 1ts main branches are moderately pro
mment (fig 2.¢5a) Owing to d emphysema the ded shadow
of the bifurcation of the pulmonary artery appears especially dense by
contrast 1n the first oblique position (fig 2 45b) and the pulmonary arcis
unusually well defined even to dwarfing the aortic arch 1n the second
oblique position (fig 2.45¢) [he aorta 1s more promnent in the antero
posterior view than in the other congenital and acquired lestons mentioned
above owing to the high cardiac output The night ventricle 1s enlarged
and the nght auricle 15 abnormally full Pulmonars heart dsease without
emphyeema <o called primary pulmonan svascular scleross {fig 2 46) or
1diopathic pulmonary hypertenston 1s more easily confused with congenttal
lesions especially with simple pulmonars stenosis Pure beni ben 1s rare
m the Umted Kkingdom but s not uncommon in Japan China Java and
other eastern countrtes The radiological appearances are sumlar to those
of anoxic pulmonan, heart disease but there 1s no emphysema

Hspoplasia of the pul v artery 1s ch istic of Fallot s tetralogy
(fig 247) There may be a distinct gap between the aortic knuckle and
the cunve of the left ventricle and the vascular shadows at the hilum are
reduced on both sides

ENLARGEMEANT OF THE RIGHT 1 ENTRICLE
Right ventricular enlargement i more difficult to recognise than left In the
antero postenor view there 15
usually some mcrease i the e s
transverse and broad diameters
the nght auricle besny, pushed
a hittle to the nght and inter
ventncular septum to the left
In ome cases the septum 1s so
far the to the left that 1t forms
the left border of the heart
only the tip of the left ventncle
being visble from the front i
the effect produced 1s that of
mcreased angulanty of the
cardiac apex and a more zcute
left cardiophrenic angle the
general shape resembling the
Dutch pez ants wooden shoe
with turned up toe This 1s
the ceur en sabot and 1s
especially charactenstic of Fal
lot s tetralogy (fig 2 47) Fig 248—Rght entricula enlargement m
In the left asltnor obhque  © ° of mmal st tom) (end obligue gon
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Fig z 49—Cross enlargement of the right auricle due to tricuspid incompetence
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positton nght sentricular dotnance 18 recogmsed by the incretsed
cunature of the anterior border of the heart snadow Instead of the lob
sided appearance resulting from normal left ventricular bras the heart
shadow 1s more globular the antenior and posterior ventricular cunes
being more equal (fig 2 48) If the nght aurcle 1s enlarged however as
may be determuned from the antero postertor yiew Interpretation is more
difficult for 1ts shadow 1s supenimposed on that of the nght ventricle in
the second oblique positton and 1t may be entirely responsible for the
mncreased cunature of the anteror border

The night ventricle 1s disproportionately enlarged in Fallot » tetralogy
and n all d d with dil of the pull y artery
except patent ductus and patent interventricular septum

EAMLARGEVIENT OF THE RIGHT AURICLE

Dilatation of the right auricle usually associated with fullness of the
superior \ena caa s
seen 1n most cases of con
gestne heart faillure and
of atrial septal defect but
1t reaches gross propor
nons 1n tricuspid stenosts
or incompetence and in
Lutembacher s syndrome
It may be distinguished
from pericardsal effusion
by the blunt right cardio
phremic angle {cf figs
~ 49 and 2 50)

VWhen the shadow of a
dilated left auricle appears
on the nght border of the
heart 1t should be recog
nsed by 1ts higher position
and more abrupt curvature
{fig 2134) A zone of n
creased density 1s seen
where 1t overlaps the
occasionally gives rise to
confuston for 1ts descending, limb may appear to the night (g z 24)
Fluoroscopy m the oblique positions should clarify the 1ssue

s e B




Fig 2 51—Ceneral enlargement of the heart due to 1solated myocard t
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GFNERAL ENIARGFMENT OF THE HEART

General enlargement of the heart shadow 1mvolving all diameters 13 seen
1n theumatic diphthentic and Fiedler s carditis (fig 2 51) 1n anzemia
thyrotoxicosis  arteriovenous aneurysm  and extensne active Pagets
disease of bone 1n myxeedema and sometimes in von Gierhe s discase 1n
rheumatic heart disease with multiple valve lestons and mn fibrosts of the
mvocardium of uncertarn etiology  An example of general enlargement
due to thyrotoxte heart faillure 1s shown in fig 2 52

PERICARDIAL EFFUSION

Vihen effuston 15 derable the natural of the heart m the
antero postenor view are replaced by single bold curves and pulsation 15
absent or greath reduced The nght cardio phremic angle 1s unusually
acute (fig 2 50) In the first oblique position the postenior border of the
heart shadow mayv bulge beyond the banum filled @sophagus Vwhen
effusion 15 shight or mod, however radiol 1 diagno s mayv be
difficult for pulsation mav be clearly visible and may wndeed be greater
than that often scen 1n some of the conditions most likely to cause con
fusion “oreover the natural contours of the heart on one or other
border may not be entirely lost and may closcly mitate the indefintte
demarcations of the chambers which may be seen 1n acute carditis and
mvxadema for example Under these arcumstances more rehance
should be placed on change of shape with alteration of posture on bulging
of the postenor inferior angle of the heart shadow in the first oblique
position {instead of the normal concavity of the inferior vena eava) and
on the degree and rapidity of changes mn size from week to wech

CONSTRICTIVE PFRICARDITIS

‘The most tmportant radiological evidence of constrictine pericarditis 15
loss of pulsation without cardrac enlargement but calcification of the pent
cardium 1s common and helpful and 1s usually best seen 1n the left anterior
obhique positon (fig 2 53) Slight to moderate enlargement of the heart
shadow may occur if the pencardium 1s sufficiently thich (1 to z cm } but
the triangular appearance gien by the obliquely set straight nght «nd left
borders should suggest the correct diagnests (fig 2 54)

CALCIFIED 1 AI'VES

Calcified valves are best seen fluorascopically they may be recorded by
means of tomography The patient should be turned 15 degrees to the left
and an imaginary line drawn from the pornt of opposing mosement on the
left border of the heart downwardsand to the patient s right at an angle
of 45 degrees with the horizontal {fig 2 55) The aottic valve 1> sttuated
Just above this line n the centrd of the heart shadow the mutral just below



Fig . 52—General enlargement of the heart
due to thyrotowic heart fallure with auncular
fibrillation

ats wp 4
5t

Fig 2 53~Case of chronic constrict: ¢ pert Iig 2 54—Chrome constrietive pericarditis show
carditis showing extensive calcification of the g tnangular shaped heart in the antero postenot
pencardium (2nd oblique position) iew
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1t and a little to the patient s left Calcification may be recognised by hinear
or ant1 clockwise elliptical moyvement of dense crescentic opactties 1n the
direction of the anatomical ats of the heart svnchronous with the heart

Fig 2 s5—Orthoduagram show

g the position of calcifi d salves Fig 2z sé—Orthod agram  show
The patient has been turned fifteen g the po ton of calcified salves
degrees to hus left n the 2nd oblique positon
A An 1 A Armc |
MM AN

beat The technique requires proper accommedation and maximum con

striction of the diaphragm so that only a square inch or so of the screen 1<
vsible Calerfied aortic valves are sometimes better seen in the econd
oblique position where they lie at the mtersection of a s ertical line through
the centre of the heart shadow and a horizontal line through the top of the
left sentricular are (fig 2 56) This vtew may be helpful 1n valie differen

tiation for the mutral valve lies in the postenior third of the heart shadow
{Sosman 1939) and at a lower level

)
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CHAPTER 11
ELECTROCARDIOGRAPHY

1 ECTROCARDIOGRAPHY was discovered in relation to the frog s
Ehcan by holliher and \iller (18,6) and was prosved applicable to the
study of the heart sn man by Waller (1887) who used a capillary
and an antero p chest lead It was elaborated by Lin
thoven (1903) imventor of thc string gahvanometer and author of the famous
tnangle which bears his name and used extensively by Lewis (1925) 1n
his well known rescarches on abnormalities of rhythm In recent years
many attempts have been made to place electrocardiography upon a more
scientific and less empincal basis and considerable success has been
achieved 1n this respect especially by Walson and fus colleagues (1930 et
seg} It1s not easy (or necessary) for the ordinary physician unless he also
be a physicist and math to grasp the el { details mvolved
but the following simphfied account will be readily understood
Certain molecules in the resting cardiac muscle cell dissociate 1nito post
tine and negatne rons The positively charged 1ons (cations) are distibuted
on the outer surface the negatinelv charged rons (amons) within (Curtis
and Cole 1941) Such a cell 13 11 a state of electrical balance and 15 sud
to be polansed (fig 3 01a) When the cell 13 excited 1ts polanity 1s reversed
the negative charges coming to the surface the positne charges passing
within and the cell 13 said to be depolarssed (fig 3 o1b) It should be clear
that when a number of cells are clustered together all in the resting polar
1sed state or all i the excited depolarised state there can be no potentsal
differences anywhere on their collective surface If a group of cells were
m the process of being excited however those already depolanised would
possess negative surface charges whereas those still polansed would have
positive surface charges and the collectne surfaces of the two sets would
yield a potential difference (fig 3 o1c) This constitutes a doublet (Cratb
1930) dipole (Ashman 1948) or double fayer (Bayley 1943) Thus
when an excitatory wave flows through cardiac muscle 1ts head s elec
tncally posttine and sts tail negatne (fig 3 ord) I electrodes are placed
at A and B and connected to a galvanometer an electrical current flows
from B to A through the galvanometer and from A to B through the
tissue The excitatory process or accession wave as it 1s called causes a
very rapid or almost instantaneous re\ersal of cellular polanty so that
the d of the gal fl 1s brief and practically
indicates the speed of the wave if the muscle thickness 1s known or the
muscle thickness if the speed of the wave 1s known When the impulse
reaches B (fig 3 ore) the whole muscle block AB has a negatne collectine
E 65
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{f) Spread of the fegTession ave of FECvLETy process
(81 Musele block fully reco eved {re polansed)
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surface 1f recovery has not yet commenced at A and there 13 no potential
difference between A and B Wathin a short time however recovery begins
at A (fig 3 o1f) and the cells become repolansed their collective surfaces
becoming positively charged again Whale the recovery process or regres
sion wave as 1t 13 called 1s spreading from A towards B a current again
flows through the galvanometer but in the opposite direction The regres
sion wave travels at the same speed as the accession wave but causes a
slower change of polanty so that the galvanometric deflecuon 1s not so
brief 1f the movements of the galvanometer are graphically recorded the
passage of an excitatory impulse from A to B results therefore tn a diphasic
curve such as that shown in figure 3 02 the first deflection being quich or
sharp the second sfow or biunt Moreover 1f the neuro muscular tissue 13
uniform 1n all relevant respects the
area occupied by the first deflection
which mav be measured bv means
of 2 planimeter with suitable
magmfication 15 exactly equal
though of opposite sign to the area
occupted by the second deflection
In modern electrocardiographic
parlance the fist deflection 1, £, 3970 dohene cune prodeed
represented by the P wave when 1 heart muscle
1t reflects auricular exaitation and
by the QRS complex when 1t reflects ventricular exaitation while the
second 1s represented by the I'a and [ waves respectvely The QRS
complex 1s written as the accession wave flows through the heart muscle
from endocardial to epicardial surfaces not as the excitatory impulse passes
down the bundle of His bundie branches and Purkinje networkh As the
heart 1s not a uniform muscle block but a by ventricular organ composed
of numerous mtertwining S shaped muscle bundles (Robb and Robb
1938) the mmtial ventricular deflection (QRS) 1s not monophasic as in
figure 302 but complex and usually biphasic or tnphasic nor 1s the
second ventnicular deflection (T) of equal area and opposite sign On
account of this complexity 1t 18 impossible i the light of present know
ledge to determmne by scientific theory precisely what an electrocardiogram
should look hike 1t1s only possible to find out by the pracucal me(hod For
this reason el phy has largely d an empincal study
Einth

s string galy consssts of an dingly fine fibre such as
silver coated glass su pended between the poles of an ¢lectro magnet when a
current passes through the fibre the latter 15 deflected towards one or other pole
according to the direction of the current By suitable magmification and tllumina
tion the movements of the shadow of xh:s string may be recorded on a moving
hotographic film Valve amp hs of various form  operated by
potential differences may be used istead of Linthoven s instrument Time
marking 1s so atranged that fine \ertical lines appear on the film at 1atervals of
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o040 05 second preferably with thicher lines ever; 020 second Horszontal
Ines for measuring voltage are spaced at mtervals of 1 mm

Practical pomts 10 bear 1n mmd melude satisfactory insutation of the machine
and lead wites to prevent 5o cycle A C nterference propec standardisation of
the galy 50 that a defl of 2 em rep ap 1 difference
of 1mv ond the el of shin by means of el de yelly The
paste described by Jenks and Graybiet (1935) has proved effectsve st consists of
sodwm chlorsde 2950 G {65 1b) powdered pumice 3600 G (81b) gum
tragacanth 226 G (8 0z ) potassum bitartrate 114 G {4 0z} glycero! 710 mi
(402 ) phenol 28 5 G (105 ) 3nd naterto g 5 htres (2 gaflons) The electrolyses
are dissobved mone gallon of water while the gumand glycerolare heated for sy
hours m the other the two are then rrved stired and reheated for one hour
Phenot and pumuce (and more water if necessary) are then added and mued
untif the preparstion has the consistency of cream Fresh soft green soap (B P}
35 vers ittle wnfenor especially after rubbing the shin with some abrassve {Bell
hnox and Small 1939) A number of satisfactory pastes or gels are wiarketed

CHLST LEADS
Analysis of electrocasdiograms has become simphfied since the mtre
duction of W ilson s neutral electrade (Wilson 1934) Previously all electro
cardiograms were bipolar and registered the potenual differences between
o electrodes placed ar different sites on the surface of the body each
gathering different potential values According to Linthoven s theory how
ever the sigebratc sum of the potentials at the left arm night arm and left
tegr always equal zero these points representing the apces of an equitateral
triangle 1n the frontal plane of the body the heart Iying at sts centre and
the lrnbs beng regarded as extensions of the fead wares ¥ Thus it 15 only
necessary to hink up these three points w 3 common terminal {preferably
through a resistance of y 000 ohms i order to nentralise differences i shin
sessstance) to provide an electrode that remains at zero potential through
out the cardiac cycle If this neutral or indifferent efectrode 15 inked to
one arm of the galvonometer the mstrument will record the potential
\anations of an  exploring  electrode hinked to the other arm Ths s the
basts of all V leads V standing for potentsal value or voltage at any par
ticular pomt It has been agreed that posittvaty of this explorng electrode
should be represented by an upright electrocardigraphic deflection
1t 1s now necegsary to consider the vanauaas m potentia] that may be
recarded if the explonng electrode is placed over the surface of the left
sentricle m man {Wilson e2 8 3944} As the accession wave spreads from
endocardial to emcardial surfaces the Jeft ventricular eauty (in contact
with the tai} of the wave) becomes electnically negative and the surface of
the heart (tn contact with the head of the save) becomes electncally post
tnve The gahanometer therefore records an upnght or positrse deflection
Rifig 3 o3b) When the accession wave reaches the surface the explonng
The mathematics} proof of this equationt ts g1 en by Vlson ef of {1946) € oldberger
{1547) and by others
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electrode undergoes an nhrupt rcwrsal of polanity nnd thc galvanometer
regusters a sharp downward d (the ) As both
the cavity and surface of the left ventnicle are then at the same pegative
potentsal the electrical field 1s abolished and the galvanometer comes to
rest (fig 303c¢) A comphcation anses however because the accession
wave starts at some pomnt (such as the left side of the intenentnicular
septum) remote from the muscle underlying the electrode 1he left ven
tricular cavity thus becomes negati e before the muscle under the electrode

\/7 \/7\
0 by ®

x)

303a 303 b

m \/7

DL

3 03¢ 303d
Fig 3 03—Formation of the Q R and S waves (see text)

begins to be activated and this negative potential ts passively transmitted
to the surface to be recorded as an imitial downward deflecion Q (fig
303a) As leads taken from the nght ventricular cavity show an initral
positive deflection 1 practically all mstances 1t 1s now generally beheved
that the excrtation wave starts on the left side of the septum Agaimn 1if the
accession wave 1s still spreading through muscle remote from the exploring
¢lectrode when the galvanometer has registered the Jocal intrinste deflec
tion the electrical field 1s mamtained and continued negatvity of the
cavity 1 passively transmutted to the surface under the electrode to be
recorded as a final downward deflection S (hg 3 03d)

‘When the explonny, electrode 1s placed over the right ventricle sumuar
prnciples hold good but the night ventricle 1s much thinner than the left
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and therefore the loral potential differences are smaller and are normally
overpowered by left ventricular events An imitial R wave 3s almost invan
able and probably represents the positive potential produced 1n the night
ventncular cavity as the accession wave spreads through the septum from
left to nght Further development of R as excitation passes through the
antertor wall of the nght ventricle 1s more or less prevented by the stronger
negative potential induced by the tarl of the wate that 1s spreading
through the left ventricle this ss represented by a large S wave Qs never
seen oser 2 normal right ventricle The second ventricular deflection 1 18
upnght over the left ventricle but may be inserted over the night (in leads
V1 and Vz)

In chnucal electrocardiography multiple chest leads are designated leads
V1-7 The figures indicate the posiion of the provimal electrode with
reference to the chest wall and represent respectively the nght and left

borders of the sternum the left
para sternal  and  mud clavicular
hines and the anterior nud and
posterior axillarv lines at the level
of a line passing from the fourth
mtercostal space at pomnts 1 and 2
0 to the fifth intercostal space at point
[050) 4 and thence horizantally (fig 3 04)
®© OO0 Tor routine purpose leads V1 V3
. and V5 or V2 V4 and V6 arc usually
suffient butin particular nstances
v other combinations or all seven
leads are preferable A typical record
obtaned with this technique 15 1llus
Fig_3 04— \ulnple che ¢ leads Yyys T 1 fig 305 Over the keft
Posttion of the explonng electrode sentricle (Vs and V 6) there 15 a small
Qwave alarge R wave no S wave
an 150 potential R T junction and an upnght T wave In the transition
zone (V3-Y4) Q has disappeared a conspicuous 5 wave has developed
and T 1s sharply upnght Oser the night ventmcle (V1) there 1s again
no Q wave Rissmall S large and T 1s flattened In normal subjects
the P wave 15 upright or occasionally diphasic (3 per cent) in V3 but often
diphasic (20 per cent) or inverted (15 per cent) 1n V1 Qs usually present
1n V6 occursin V5 1n 45 per cent of cases, but 1s rarely seen farther to the
right S 1s usually absent 1n V67 15 absent 1n V5 1n 17 per cent of cases
but 15 imvanably found in V3 and V1 T 1s always upnght in V436 may
be oceastonally diphasicn V3 and 15 inverted 1 VI 62 per cent of cases
1f there 15 clockwise Totation about the longitudinal axis (viewed from
below) the anterior surface of the septum 1s shafted to the patient s left
¢hss means that S 1s dominant in Vit the transition zone bemg shifted to
Vior Vs In such cises Q may not appear until V6 or V7 Similar graphs
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Fig 3 o6—Right sentnicular and pulmonary artery cavity leads
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are obtamed when the heart 13 honzontal 1n positon the septum then
being, displaced to the pauent s teft {(fig 3 0,b)

Anticlockwise rotation about the longitudial axis brings the antenor
surface of the septum to the patient s night  Ihe QR pattern may then be
scen from 16 to V3 and the transition 7one 15 shufted to V2 (fig 3 054}

In addition to leads Vi-Vy other positions of the explonng electrode
have been used with dvantage under exceptional circumstances An
e<ophageal lcad may alse be helpful i doubtful cases of postenor myo
cardal infarcuon and an intracardiac lead may provide nteresting infor
mation but these are rarely necessary for chinical purposes

The aesophareal lead tates sts potential from the surface of the left auncle
when tugh nd from the posterior surface of the lfeft sentricle when los
1 ¢ft aunicular potentinls are transmutted from the cavity of the left ven
tricle and show monophisic Q waves and imerted T waves the cavity of
the left sentricle bemng negatine throughout the inscription of the mstal
<nd second ventnicular deflections ‘The postenior sutface of the left ven
wicle gnes nise to 2 QR complex similar to that obtained anteniorly of
laterally (F'sophageal patterns therefore show monophasic Q waves or QR
deflections, Q dominating when the electrode s refatively tugh up R when
the electrode 15 relatinely fow down T 15 usually negative when the efec
trode 1s tugh positive when low

Intracardiac leads from the cavity of the right <entricde show a small
mutial R wave folloned by a deep S wave as already described If the
catheter 1s passed through a patent foramen ovale mto the left vemncle a

ph Q wave 15 ob d $hen the catheter 1s passed mnto the
pulmonary artery the smafl R wave seen wathin the cavity of the nght
ventricle disappears in favour of a monophasic Q wave (fig 3 06) this s
bueause the pulmonary artety takes 1ts potentials from the surface of the
left auncle

There are thus only a hmited number of basic QRS patterns upon which

all ventneular deffections encountered i chnical electrocardiography de
pend (fig 307) the QR complex of a left ventncular surface fead (T
normally upright) the RS complex of a nght ventricular surface lead (T
usually upright) the monophasic Q wave of 1 left ventricular cavity lead
(T normally mverted) the RS complex of a right ventricular cavity lead
(T normally mvetted) and the balanced QR pattern of a cambined left
ventricular cavity and surface fead from the back of the heart (Goldberger
1947)

The direction of the second ventricular deflection T 1 appastte to
theoretical prediction wn all the basic patterns and suggests that the
recovery wave starts at the surface of the ventricles and 1s directed towards
the cavities

Instead of V lead many worker 1ncluding Wolferth and Wood (1932~
33) who re introduced chest leads to climeal electrocardiography have
coupled the explonng electrode with a refannely indifferent electrode
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placed on the nght arm (CR) or on the left leg (CF) Agreement will never
be reached as to which of these 15 the more nformative and 1t 15 expected
that they will both be abandoned in favour of V leads ‘They will be con
sidered m greater detad n subsequent paragraphs

S L

Fig 3 07—~The basic QRS T* patterns

UNIPOLAR LINIB LEADS
I'he potential values 1n the night arm (VR) left arm (VL) and left fog
(VF) may be obtaned by placig the explormng electrode on the desired
timb and hnking 1t with Wilson s neutral electrode As umpolar limb leads
are of low voltage it 15 customary to alter the standardisation so that a
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potental difference of 1 millnolt causes a deflection of 15 mm (1nstead of
10 mm) Alternatnely Goldberger s augmented leads may be used With
this techmique the V lead 1s attached to the imb the potential values of
which are being measured whilst the wire connecting this imb with the

Vo

Fig 308 —Untpolar | mb leads (VL VR VF) and standard leads 1 2 and 3
(a) Normal (the heart 1 more horzzonta! than vertical)
central neutral terminal 1s detached and left hanging free The potentials
are thus increased by 50 per cent (Goldberger 1942) thus
assummng VR4 VL+VF = O
then VL+VF = —\R
Now when an electrode on the nght arm 1s pared with a central termmnal

linked to the left arm and left leg the galvanometer records VR— }L%\F‘

the latter being the mean potentials of the left arm and left leg
7
Now VR-YEEYE
~ R (=VR)
(2
= VR+1VR = 11VR

The reduct on in the voltage of R from V1 to V3 1s due to the re 1 t nce of brea t
15 ue and is Kot uncom non m Women
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Unipolar limb leads are useful in determuming, the electrical position of
the heart 1n explaining the difference between CR CI and V chest leads
and 1 demonstrating the basis of the standard leads VR usually shows
mverston of all complexes because 1t reflects the negative potentral of the
cardiac cavities transmutted through the great vessels (figs 3 07 and 3 08)
When the heart 1s normal 1n size and positon VI and VI are mamly
posttive  domunant left ventricular surface potentials beng transmutted
more or less equally to both of them but VE 1s more positive than YL
because the latter s also nfluenced by the negatine potentials of the cavities
transmitted through the great sessels (fig 3082) When the heart 1s
electrically horizontal however left ventricular surface potentials are
transmitted more strongly to the left arm and night ventricular surface
potentrals to the left leg There 1> then a small Q and tall R wasve in lead
VL and asmall R and deep S wave in lead VF (fig 3 08b) W hen the heart
1s electrically vertical the negatie potentrals of the cavities are transmutted
more strongly to the left arm and the left ventncular surface potentrals
more strongly to the left leg There 1s then a small R and deep S wave 1n
VL and a small Q and tall R wave in VF (fig 3 08c)

The differences between CR CF and V chest leads may now be appre
ciated CR leads are V leads mtnus the potentials in VR whilst CF leads
are V leads mnus the potentialy in VF As VR potentials are negative therr
subtraction from V i CR records makes all deflections more positive ~ not
only 1s R taller 1n lead CRr but T 13 invanably upright in aduit and mn
children over eight years of age Again since VF potentials are normally
positve their subtraction from V 1n CF records mahes all deflections more
negative As the voltage 1s usually higher in VR than in VE however CR
leads show greater differences from V leads than do CF leads

STANDARD LLADS

Linthoven s bipolar leads introduced at the beginning of the century
and adopted as the standard leads throughout the world conssst of the left
and right arm (lead 1) the left leg and the nght arm (lead 2) and the leit
leg and left arm (lead 3) Electrocardiograms derrved from these leads can
be calculated of course from the deflectrons obtamed with untpolar limb
leads for lead t equals VL-VR lead 2 equals VF~VR lead 3 equals VF-
VL The subtraction of the negative potentials n VR from the posttive
potentials 1n VL result 1 strongly positive QRS and T deflections Agam
as the voltage of R in VF 15 usually higher than that m VL QRS 1 also
normally positive 1n lead 3

By defimtion there 1s an obvious relationship between the three standard

leads lead 2 = lead 1+lead 3

This merely states that
VF-VR (lead .) = YL VR (lead 1) + VF~VL (lead 3)
= VF—VR
and has nothing to do with Emthoven s theory or tnangle
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The relationship between the standard leads and the Wilson unipolar
limb leads 1s as follows

I-I
VL = 11
3
vr =1t
3
II+II1
VF 2%

The augmented values obtained with Goldberger s technique may be
derived from the standard leads by changing the denominator 1n the above
equattons from 3 to 2

NORMAL APPEARANCES
(Fig 308)

P uare P represents the excitation process as 1t spreads from the sino
auricular node through both auricles It 1s usually blunt and 1s upnghtin
leads 1 and 2 but may be inverted 1n lead 3 Its height should not exceed
2omm and 1ts duratron o 1 second Following P shight depression of the
base line sometimes hidden by the QRS complex may be evident and
represents auricular recovery or repolanisation It has been termed the
aurtcular T wave or Ta wave

P-R wnterral No deflection 1s caused by the passage of the excitatory
impulse down the bundle of His 1ts main branches and Purkinje network
so that there 1s an 150 potential intersal between auncular and ventricular
events this 1s the P-R ntennal and 15 conveniently measured from the
L of P to the b of QRS It ly ranges between o 12
and o 20 second but occasionally even i1n young subjects 1t may measure
o021 or 022 second without evidence of heart disease or of general 1ill
health

The P-Rinterval is ittle affected by spontaneous yarations 1n heart rate
but may be slightly reduced by atropine and slightly lengthened by carotid
sinus compression  Vagal tone has a much greater effect on the sinus node
than on A-V conduction

The QRS complex Q R and 8 when all are present form a triphasic
complex representing the spread of the accession wave through the ven
tricles and are convenient symbols for descibing the shape of the imitial
ventricular deflection Each 1s applied to a wave so defined by its direction
and by 1ts time relationship to the others Thus any upward deflection 15
called R or if there are two such R and R1 A downward deflection 1s
called Q 1f 1t precedes R or if 1t 1s the only wave present and S if 1t
follows R

Q rarely measures more than 1 or 2 mm 1n leads 1 and z and 1s often
absent altogether 1n lead 3 however 1t may be conspicuous and may
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measure up to one third of the amphtude of R R should exceed 5 mm
1n height m the most favourable lead unless the spatial vector 1s unusualhy
postero antenor Shight notching or slurring near 1ts base 1s common and
has no sxgmﬁcance Distortron of the apex of R 1s rare m normal subjects
but may be disregarded when d by other changes 5 1svan
able and 1s greatly influenced by axis devation which will be considered
later
The whole QRS complex should not exceed o 1 second 1n duration and
rarely exceeds o o8 second tn normal individuals
RS-T segment Ths refers to that short segment betw een the QRS com
plex and the T waie te between the end of the excitatory and the begin
ming of the recovery processes In some cases this 15 so short as to represent
merely the RS-T junction inv deviation of the RS-T segment from the
150 potentral base hne should be regarded with suspicion Shght deviation
of the order of 0 5 mm may be within normal limuts yet taken 1n con
sunction with other hndings mav be highly significant
It 1s customary to include the proximal portion of the T wave when
descnbing the shape of the RS-T segment e g whether concave straight
or convex. Speahing 1n this way 2 normal RS-T segment curves gently
from 1ts point of onigin in the direction of the T wave 1t 1s neither strarght
nor does 1t deviate in the opposite direction first
T ware T represents the recovery process or the regression wave
(repolarisation) and 1s known as the second ventricular deflectton It 1s
normally upright 1n leads 1 and 2 but may be inverted in lead 3 1t should
measure at least 2 mm in amphtude n the most favourable lead
Q-T nterval The interval between the begmning of QRS and the end
of T represents the total time occupied by ventrreular excrtation and
recovery It s imversely proportional to the heart rate ranging between
© 42 second at a speed of 48 per mmute and o 28 second at 2 speed of 110
The formulz of Bazett (1920) 1s Q-T=k +/C where C represents the cycle
length The constant k 1s vanously grven as 0 38—0 39 plus or mmus 0 o4
and 1s a tnfle longer 1 women than in men and children
Taran and Szifagy1 (1947) have made the sensible suggestion that the
Q-T mterval should be recorded as corrected for rate 1e as Q-T This
should equal Bazett s constant K 1€ the actual Q-T mterval when the
heart rate 15 60 per munute or when the cycle length 1s one second Q-T
1s easily calculated with the aid of 2 shide rule when the actual Q-T interval
and cycle length are known for Q-T (or K)= Qj The Q-T mnterval s
lengthened by hypocalcemm (fig 3 33) and shortened by digitalis Pro
longation of Q-T provides valuable evidence of active rheumatic carditis
(page 271) There 1s some evidence that Q-T, 1s also lengthened by cardiac
enlargement from any cause and shortened by carditac compression as i
pencardial effuston (Van Lingen 1947)
U na ¢ Follownng T and comaiding with the super normal recovery
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phase a small, rounded positne deflection, the U wave may be seen Ity
significance 1. not fully understood, but 1t appears to be exaggerated 1
chest leads taken from the night of the interventricular septum and to be
flattened or even merted i leads taken from the left of the septum when
there 15 left ventricular hypertrophy and the opposite when there 1s right
ventricular hypertrophy It may also be inverted i left ventricular sucface
leads during an attack of angma pectorss It 1s accentuated by digitalis

THE CARDIAC VECTOR

‘Maximum potential differences within the heart at any gnen moment
may be represented m magnttude wnd direction by 2 lwe of appropnate
length and spatal direction (dravn from the hypothetical centre of elec
trical events) which may be called a vector and its directton a spatial axs
Both magnitude and direction of this vector alter from moment to moment
during the phases of ventricular excitation and recoverv, but may be

)

Lot

Fig 3 0~}rojection of the frontal plane QRS sector on to the sides of Emthoren®
cquiateral traangle
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resolved 1nto mean values 1f such a vector 1s projected on to the frontal
plane of the body 1ts new momentary or mean manifest value may be
calculated by suitable measurements detarled below of the electrocardio
grams obtained from any two of Finthoven s leads for the frontal plane or
m mfest vector mav be projected on to the sides of an equilateral trangle
the apices of which are represented by the left and right arms (or shoulders)
and by the left leg (or symphysis pubis) the sides of the triangle thus
representng the three standard leads For example if the hne AB (fig
3 09) represents the maximum momentary manmifest QRS vector 1e af it
repre<ents the projection on to the frontal plane of the body of a line 1n
space representing the magmitude and dircction of maximum potential
differences generated within the heart during the period of sentricular
exatation then the hnes A1-Bt \2-B. and 13-B3 obtaned by project
ing the Ime A1 on to the sides of Einthoven s equilateral tnangle grve the
magnitude and direction of the maximum QRS deflection in leads 1 2 wnd
3 respectively Morcover 1t can be casily shown that atany given moment
the cmplitude of the QRS deflection 1n lead 2 equals the algebraic sum of
that in leads 1 and 3 or the amplitude of the QRS dcflection in any one
lead equals the algcbraic sum of that m the other two 1he same law
applics to aunicular activity and to the recovery phase 1¢ tothe I Ta
and T waves and to mean as well as momentary values Comversely if the
m gnitude nd direction of the QRS complex at any gnen moment 1s
known 1n any two leads therr resultant drawn from the centre of Ein
thoten s triangle represents the mamifest (frontal plane) vector of QRS at
that particular momcnt :lnd 1ts direction the manifest electrical axis In
current el lature the electrcal awis refers to this
resultant frontal plane was as obtamed from the maxmum upright QRE
defleetion 1 any two leads usually Ry and Rz of apparently svnchronous
2nd 15 expressed in terms of 1ts angle with the horizontal being plus when
rotated clockwise from this base minus when anti clockwise As so
expressed the normal electncal aws lies between o and go degrees and
has a wider range than the frontal plane anatomical axis
Triaval reference system For conventence Emthoven s tnangle may be
suitably represented as a tniaxial reference system (Bayley 1943) The lines
representing the three sides of the tnangle are transposed so that they
mitersect at a common pant O (fig 3 10) The horizontal line RL then
represents lead 1 and the lines RF and LF lead., 2 and 3 respectively The
customary signs are preserved so that R 1s negatne F positnve and L
negatnv ¢ O positive as shown in the diagram  1f the vector OA 15 projected
on to these lines 1ts value in the standard leads may at once be determined
by the lengths OA1 OAz and OA3 The converse may be applied with
equal simphiity
By measunmg the net area of QRS in any two leads (instead of momen
tary synchronous points) by means of a planimeter and suitable magmfica
tion (or by dividing the amplitude of the wave by half its width) the area
F
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below the base hine being subtracted from that abote the resultint mean
axis of QRS m the frontal plane can be determined i sunilas fashion
{(Wilson ¢t of 1934) Measurements may be made m mllnolt seconds
microvolt seconds or 1 suttable units based on voltage X time (Ashman
and Byer 1943) Such a resultant drawn from the centre of Einthoven’s
trangle havng both magnitude and direction 1> called the mean QRS
sector mn the frontal plane ot the mamfest mean QRS vector and 1ts
direction the mantfest mean QRS axi» Mamfest mean sectors for T and
P may be similarly obtamed Bayley (1043) has suggested that the symbol

At (]
.

&0

R(-1-SEADE

F it Fm

Fig 3 10—-Basley s tnaucal reference system

A mught well designate the axts of such vectors, and the symbol A thei
magmtude the manifest mean ans of QRS would then be calfed AQR-
and 1its magmtude AQRs

1f the heart were a stmple uniform muscle block the algebrase nct 3062
occupied by QRS and T would be zero as 1t s not the net area of QRST
has a positine or negative value which 1t measured w any two leids ma
be resohved 1nto a vector drawn from the centre of inthosen s tnangle
The axts of this vector or the mamifest mean QRST anis (Aqrst) has been
called the ventricular gradient (Wilson Macleod and Bather 1g31)or G
and 1ts magrutude G The vector represents the magmitude and dwection
of maximum local variations in the speed of the processes of excitation and
recovery wheteby the heart differs from a umform muscle bloch

The mamfest mean axis of QRS averages about 6o degrees that of T
about 50 degrees The sentricular gradient in hearts which are not amtomt
cally rotated ranges between 45 and 65 degrecs On the whole, bearts w heh
are relatnely central in posion 1¢ rotated clockwise (viened fram the
front) about their antero postentor anatomical avs are also rotated clock
wise {viewed from the apex) about their fongutudinal anatamical axts an
show clochwise desiation 1¢ deviation to the nght of all manifest momen
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tary and mean electrical axes but the greatest shuft occurs with the ordinary
momentary electrical avis of QRS and the least with the ventrcular
gradient Ins also applies to transierse hearts with anti clockwise rotation
and deviation of alt electrical axes to the left {Ashman and Byer 1943)

From what has been smd 1t should be clear that the QRS and T vectors
m the frontal plane of the body alter in magnitude and direction from
moment to moment during the phases of ventricular excttation and recovery
respectivel As one end of such a vector 1s fixed at the centre of Lm
thoven s tnangle 1t follows that the other end must describe a continuous
curve Mann (19.0) showed how such cunves could be reconstructed and
later devised a method of recording them directly (1931) ‘More recently
VWilson and Johnston (1938) employing the cathode rav oscillograph
published typical curves and called them vectorcardiograms Even these
however are restricted to the behavtour of the vector m the frontal plane
of the bodv being so limited by use of the standard limb leads

ELECTROCARDIOGRAPHIC ABNORMAI ITIES
ABNORMVIALITIES O THE P WAVE

There are four main vaneties of P wave deformity the tall sharp P wave
of nght aurscular hypertrophy (fig 3 112) the conspicuous widened P wase
of left auncular hypertrophy which may be bifid rounded or flat topped

E

ST T s
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() Right au_colar hypertraphy (b) Lefe auricular hypertrophy
Fig 3 11—Abnormal P« aves

(fig 3 11b) the low voltage widened P wave which may be also bifid
rounded or flat topped (fig 3 11c) and the mnverted P wave (fig 3 r1d)

Tall sharp P waves are characteristic of tricuspid stenosis chronic pul
monary heart disease and congemital pulmonary stenosis The voltage
ranges between 2 and § mm  and as the wave 13 not widened 1t becomes
peculiarly sharp like an arrowhead Smular P waves are sometimes seen 1n
mutral stenosts thyrotowcosis massnve pulmonary embolism  asthma
and pneumonia They are usually most evident 1n leads 2 and 3
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Conspicuous widened P wares measuring o 12 second m duration are
almost diagnostic of mutral stenoss The voltage usually approaches 25
mm  but rarely exceeds 1t Many evamples are infid but others are blunt
or flat topped They are usually seen best i leads 1 2 and V3

Fig 3 11 {d)~ Inverted (nodal)

P waves similar in shape and width but usually of lower voltage mat
be seen sometimes 1 advanced cases of hypertensive heart disease of ©
gortic vabve disease It 1s uncertain whether thev represent left aunculd’
dilatation due to left ventnicular fatlure as onginally supgested by W
and Selzer {1939) or mnter atnal block (Berconsky wnd hloztman 1945)

Inverted I wanes are found m lead x 1n cases of dextrocardia and 1
feads n many cases of nodal rhvthm Occasionathy P s sverted m leads
zand 3 withaut abvious cause
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ABNORMALITIES OF THE QRS COMPLE\

Axts deviation Tt has already been pownted out (page 81) that the
electrical axis of the heart refers to the frontal plane projection of the
maximum momentary spautal vector and usuallv lies between o and go
degrees more or less 1n the anatomical aus Anti clochwise rotation of the

LL

Fig 3 1z—Left aus deviation (F nthoven s t angle)

heart about its antero postenor axis (viewed from the front) or about its
longitudinal axis (viewed from the cardiac apex) causes deviation of the
electrical axie to the left so that the frontal plane vector may make a minus
angle with the honzontal whilst clockwise rotation about strmlar axes
causes night axis deviation the vector now making an angle of more than
9o degrees with the horizontal Ieft or night axis deviation respectisely
also occurs when the left or nght ventricle 1s disproportionately enlarged

Moreover left ventricular enlargement 1s often assoctated wath anti clock

wise rotation about both anatomical axes and night ventnicular enlarge

ment with clockwise rotation
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Reference to Fm
thovens tnangle will
show that f the electrical
axss deviates to the left
and approaches or sur
passes the horizontal
lead 1 becomes the avial
lead (fig 312) R, then
carnes  the mavimum
voltage R_ 3o smaller
and the QRS
deflection 1n lead 3 1s
downwards 1¢ the mamn
deflection 15 § In such
cases © 15 really the
electrical counterpart of
Ry Unipolar hmb leads 50 010 av,, devsstion due to eleation of the dia
commonly show an elec pheagm (Q3 St type)
trically honzontal heart
Rn VL and S 1n VF beng unusually conspicuous

Left aus deviation oucurs m 10 per cent of normal indivduals 10 any
condition mn which the left ventncle 1 disproportionately enlarged
cardiac displacement to the left from scoliosss or from intrathoractc causes
and when the diaphragm s elevated causing the heart to lie more trans
versely It may not be possible from examination of the hmb lead QRS
compleves alone to dectde whether aws devigtion 1s due to displacement
or to left ventricular prepond e but this d may often be
made by considering the behaviour of the RS T segment and T ware

and especrally by notng

the QRS pattern 1 mu

uple chest leads (eid¢
LA nifra)

A particular form of
axss devsation 1s seen with
elevanon  of the dn
phragm as from obesitt
pregnancy, flatulence of

As asuites Rys taller thanR

Sy and Q, ate promunent

and Ty 1s muerted (fig

B 3 13) In such eases there

15 no Q ware 1 lead VF

and the T wave usually

remains iverted m lead
Fig 3 14—Right 208 deviation (Emthoven s toangle) V1

RA
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\When the electnical axis 1 deviated to the nght so that it eccupies a
more or less vertteal position lead 3 becomes the avial lead (fig 3 1.4)
R, then carres the maxmum voltage R 1s smaller whilst the maximum
deflection in Iead 1 15 S which 1s the electrical counterpart of Ry In um
polar limb leads S 1s conspicuous ;n VI and Rin VF Right axs deviation
15 the rule in newly born nfants 1s common 1n very young children occurs
n 1 per cent of normal children over the age of eight and s rarels seen in

~

- ._‘4—-4\:{._, whatsed

1 1
H

Fig 3 1s~—Left entricular preponderance (heart hortzontal)

strictly normal adults It may be caused by approprtate cardrac displacement
or rotation and by night sentricular dominance As with left aws devation

1t ay not be possible from nspection of the hmb lead QRS complexes
alone to determune whether the axis shift 1s due to nght ventncular domu

nance or otherwise but the behaviour of QRS in multiple chest leads may
clanfy the 1ssue (vede infra)

Left ventricular preponderance When the left ventricle 1s enlarged the
accesston wave tahes longer to penetrate that chamber and creates more
powerful potential differences Thus R 1n leads V5 and V6 and S m leads
Vrand Vz havealarger amphtude (Rin V4 5 or6> 2, mm Smir>
15mm) the intrmnsic deflection 1n Jeft ventricular surface leads 1s delayed
(longer than o o5 second) and the width of QRS shghtly increased (o I to
o 12 <econd) In addition the transition zone 1s usually shifted to the left
the heart being horizontal and R 1s found to be exceptionally small in leads
V1and V2 Secondary changes mn the T wave occur in advanced cases the
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R-T segment bewng depressed and T mverted m leads Vg and V6 and the
S T segment bemg elerated and T sharply uprght sn leads Vr and V2
{hg 3 15)

When the beart 1s honzontal which 18 usual VL resembles V3 and VF
resembles V1 both in respect of QRS and T The appearances in standard
lead 1 theretore alwo resemble Vg or V6 and those tn lead 3 resemble V1

Fig 3 16—Left sentrnular preponderance (heart sems sertical)

When the heart 1s more or Iess vertical which 1s Tess common left sentt
cular surface potentials are transmytted more to the left leg There 15 thes
no a5 deviation m standard leads (Wilson 1944) but high 1oltage and
perhaps T wave insersion 1o all {Bg 3 16) Concordant left yentrcular
preponderance as st 15 called 1s best seen in concentnic Jeft ventricular
bypertrophy such as may occur m zortic stenosis and malignant hyper
tension

Bs Jit wentrscular dommance When therse 1s gross enlargement of the nght
ventricle the potential differences generated by the wall of that chamber
may approach or even surpass those from the left ventricle Rught venttt
cular surface leads may then trulv represent the outward spread of the
accession wave beneath the explonng electrode R 1s therefore taller thatt
wstal Vi and may be the chief ventnicular deflection at the same umeé
the intrnsic deflection 1s delayed and S 18 conspicuous in V 5 and V6 (g
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3 17) Secondan wversion of the [ wave with shight depression of the
R T segment 1s commen 1n V1 t0 V3 In lesser degrees of nght 1entncular
hvpertrophy insufficient to account for such a pattern clockwise rotation
aboat the longitudinal axis {y1en ed from below) 1s usually held responsible
for the changes [ hus the otea 1onal appearance of Q in fead \ 1 mav be
dernved from potential at the bach of the heart

As a rule the heart 1s also vertical 1 posatton V1 15 strongh influenced
by negatne tanity potentinls and % {7 by left or nubt ventncular susface

Fig 3 17~-Rught vemtrcular dominance {case of mutral stenows recer ing dipatalis}

potentals In other words QRS 13 manly negative 1n VI and strongly
positne n VF Standard leads therefore show nght axis devistion and
there may be iy ersion of the T wave with depression of the R T segment
wlead 3 or 1 leads 2 and 4 When Rys domunant i Yy and Sn vy
nght aws deviation also occuts when the heart 15 honzontal for VI then
reflects V5 and VF reflects Vi

Widentng of the QRS complex The avcepted maumum normat limt of
o 1 seeand for the duration of the QRS complex 1s generous and includes
many stances of abnormal widening due to increased thickness of the
ventncular walls As the acees 10n wave causes almost nstantaneous reser
sat of polanty 1 the tissue 1t excites the width of QRS depends almost
entirely on the tyckness of the ventricular walls provided the conducting,
system 15 normal and a suming thay the speed of the wave i constant
With extremely hypertrophied hearts 1t 15 theoretically possible for QRS
ta measure as much 28 ¢ 12 second in duration but 1n factt rarely exceeds
o1 second It 1s probably wise to regard anvthing over o 11 second as
ntraventricular block Tt1s found teo that widening due to ventricular
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hypertrophy 15 usually assoctated with high voltage whereas 1n bundle
branch block QRS 1s commonly notched splintered or heavily slurred
When the heart 1s grossly dilated there may be some delay 1n the passage
of the excitatory smpulse down the Purkinge network causing intrasentn
cular block Some such mechanism may a2ccount for the transient right
bundle branch block that occurs Ily m massive pul

embohsm and for the nght bundle branch block ’ so commaonly seen with
atrial septal defect A Q wave can nearly always be demonstrated 1n suit-
able left ventricular surface leads when widening of the itial ventricutar
deflectton 1s due to left ventricular hypertrophy, whereas it 1s ordmarily
absent 1n left bundle branch block

Widemng of the QRS complex is abso seen 1 uremua whenit1s duetoa
raised blood potassium (figs 3 33 and 3 34}

Bundle branch block In left bundle branch block the excitatory process
spreads through the right ventricle 1n normal fashion but does not at first
reach the left ventricle As the interventricular septum 1s excited from the
right side the accession wave spreads through 1t from nght to left The
cavity of the left ventricle therefore becomes initially positive and this
potential 1s transmutted passively to the surface as an R wave in Vg or V6
There can be no Q wave 1n such leads with a healthy septum When the
accession wave reaches the left side of the septum there 1s an immediate
reversal of polanty the left ventricular cavity becoming momentarily nega
trve This negativity 1s agam transmutted passtvely to the surface Vi show

™ ing a momentary downuward deflection followtng the intial R wave Almost
N ‘tmmedmtely however the excitatory process spreads throughout the endo
ardium of the left ventricle and the accession wave begms to flow out
wards i the usual way The surface of the left ventricle then becomes
actively positive and the true R wave 1s wntten When the surface 15 acti
vated the final intrinsic downward deflection occurs V5 or V6 thus exhibits
alarge widened R wave interrupted by a relatively early notch representing
the armal of the accession wave at the left side of the septum (fig 3 18)
Rught ventricular surface potentials are influenced at first by a normal nght
ventricular accession wave and later by the delaved negatity of the cavity
of the left ventricle which 1s passuely transmitted through the depolarised
septum and night ventride Thus Vi-V3 extubit small R waves early
ntnnsic deflections and deep wide S waves The total duration of QRS
commonly measures 0 12 to 0 16 second As the heart 1s usually horizontal
the V5-V0 pattern 1s seen also in VL and lead 1 and the Vi pattern m VF
and lead 3 Should the heart be more or less vertical however the V3-V6
pattern 15 transmutted to the left leg and QRS may be mainly upnght i
all standard leads as in concordant left ventricular preponderance The
T wave 1s secondarily deformed and the RS T segment deviated from
the base line 1 all leads and are commonly of opposite sign to the QRS
complex Thus with horizontal hearts the RS T segment 1s depressed and
the T wase myerted m Vy V6 VL and standard lead 1




Fig 3 18—Left bundle branch bioch (heart horizontaly

3 19~—Rught bundle branch block (usuat sppeanences)

9t



(b) Partial seen clearly only in chest leads

Fig 3 20—~Right bundle branch block
92
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In right bundle branch block the septum 1s activated entirely from the left
side The potential of the nght ventrcular cavity 1s therefore imtially post
tine and s passtvely transmitted to the surface where 1t may be recorded
as the first part of R W hen the accession wase reaches the right side of the
septum the polanty s abrupth reversed and a pseudo intrinsic deflectron
is recorded at the surface Almost at once however the nght ventricular
wallismvaded and the surface then becomes actnvely positne Ths results
m 2 second R wave and finally 1n the true intnnsic deflection [ eads Vi
and \ z therefore show 2 widened notched R ware or a large M complex
T 15 1n the opposite direction (fig 3 19} Over the left ventricle 1n leads
35 and V6 normal QR wave and wmirmsic deflection are folloned by a
grossly slurred S wave representing delaved negatiity of the night ventnt
cular cavity passively transmitted through the depolarised septum and left
rentnicle As a rule V, and \ 6 potentials are transmitted to VI and form
the pattern of standard lead 1 the M complex of } 1-1 2 15 usually seen 1n
VF and 1n standard lead 3 When the heart1s vertical however Vi poten
tials mav be transmutted to VI and standard leads may look Ihe left
bundle branch blech (fig 3 202) Muluple chest lcads may be necessary
not only to deternune which bundle branch 1s blocked but also to detect
the les on at all in some cases partial right bundle branch block for
instance 1s frequently overlooked 1n standard leads (fig 3 20b)

ABNORMALITIES OF THE RS T SEGMENT 4AND T WAL L

It 1s profitable to consider the RS T segment and I' wave together and
In many case to consider them also in relatronship to the QRS complex
for thev are all ventricular events The vanious patterns made up by these
three sariables 1n mb and multiple chest leads provide a wealth of infor
mation concerning the state of the ventricles n health and disease Second
ary mnverston of the T wave 1n relation to QRS changes has already been
described

Vocardral nfarction It 1s customary to describe two types of electro
cardiogram associated with myocardial infarction T, and T types (Parkin
son and Bedford 1g27) the first denoting anterior the second posterior
lestons (Barnes and Whitten 1g.g) There 13 no essentiat ditference in the
shape of these two patterns the difference dependmng upon the leads m
which they are found

Ifannfarct imvolves the whole thichness of the muscle wall no accession
wave can flow through 1t The negative cavity potential produced by out
ward spread of the accession wave through remote healthy muscle 1s then
pas nvely transmutted through the mfarct to the surface overlying 1t An
electrade placed over the infarct therefore registers an mtial negative
deflectron or Q wave If the farct mvolves only the outer part of the
muscle the accession wave begis as usual the surface potental 1s imtially
posttive and there can be no pathological Q wave but when the accesston
wave reaches the mfarct it can advance no farther so R 1s reduced m
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amplitude In antersor left ventnicular snfarcts these QRS changes may be
cegistered 1n leads V3 Vg Vg ard %6 bewng more marked in V3-V4
antero septal mfarcts and m V5-V6 sn antero lateral snfarcts They are
commonly transmtted to VL and are therefore seen well i standard lead 1
{fig 3 27) Simlar QRS changes occur in postenor mfarcts but are trans

mutted to \ F and thus to standard lead 3 (fig 3 22a) When the heart 1
vestical howerer typreal changes w Vs from an antertos mfarct may be
sransmutted to lead VF and hence to standard leads 2 and 3 (fig 3 23b)

Fig 321~

ef dial infs showng, I Q waves and eleration
of the RS T segment n leads V16 VL and standard lvnba)ead :‘ e

Partly necrosed muscle sets up a steady current due to the des elopment
of potenual differences betw een injured and healthy tissue Injured tissue
1 electro pegative healthy tssue s posttive and cosnpletely necrosed tissue
electneally mert When the injured area mvobyes the outer portion of the
ventricular wall the surface s therefore negatine the current Howing from
without mwards (Wilson et af 1933) An electrode placed over the mfarct
registers this negatnsty by depressing the base kne This ss shown i the
clectrocardiogram {fig 3 2r) by abrupt elevation of the base hne when the
current of mjury 1s Momentanily abolished by spread of the accession wave
vnrough the healthy tissue for such activation causes the healthy tssue to
take up 2 negatie p } and so abolishes the p At es set
up by the myun In other words 2 recent deep mfarct assocrated Wwith
superficial mnjun results 10 elevation of the RS-T segment In antenor
infarcts this displacement 18 seen in feads ¥ 3-V6 and 1s commonly trans
mutted to VL and hence o standard lead 1 (fig 3 21) In posteriac wfarcts




Tig 322 (&Y ~Postet or m ocardial infarction showing patbological @ wases and cle 8
10n of the RS T segment in lead \ F and standard hmb iead 3
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Fig 322 (b}—Ant rior infa cton w th vertical h art St ndard Jeads show changes that
amulate those of po te 19 infarct o
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(b) Posteror

Fig 3 23—1ater stages of anterior (a) and posterior (b) mfarction showing tpieal Q@
waves and inversion of the T wa ¢ in appropriate leads
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1t 15 seen 1n low wsophageal leads 1n V7 and 1s transmitted to VI and
hence to standard lead 3 (fig 3 22a)

Pathological Q waves may be seen 1n actite cases within 1 few hours of
the onset and usually outlast all other evidence of infaretion often being
permanent Tlevation of the RS T segment alvo occurs early but ueually
substdes within two or three weeks The shape of the segment 1s typical,

Fig 3 24—Anterior myocardal infarction showing an R wave wh ch 1s smaller 1n V3 10
an n

being straight instead of concave when elevated and being convex or cave
shaped (Pardee 1920) when the RS T junction approaches or regung the
150 potential level The T wave stself becomes mverted within a few days
of the onset often profoundly so reaching 1ts greatest amplhitude at about
the same time that the RS T junction first regamns the 1so potentya level
(fig 323 2 and b) Further changes are regresstve but the appearances
rarely revert to normal

In T, patterns reciprocal effects are usually observed mn lead 3 1€ the
RS T segment may be depressed at first and T may be sharply uppghe
later Agam 1 posterior mfarcts early RS T depression and later mg
tuation of the T wave may often be seen 1n lead 1 and m antenor ch .
leads A helpful sign of old antenor infarction 1s an R wave 1p 3 1_{“
which 1s taller than that 1n V3-V4 (fig 3 24) especially when the appe 2
ances 1 V5-V6 are more or less normal Fnally 1t 15 most ’ml"’m;;\ta;o

understand that charactenstic changes may be found n muluple che:
st
G



{b)—Late stage showing inversion of the T wa ¢ in cll ¢ ds
Tig 325—Penicard us

98
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leads or 1n an eesophageal lead when the standard hmb leads are normat
and that a sigle chest lead may be normal when others show duagnosue
features

Pericarditas In all ty pes of generalised pencardial disease except hydro
pencardium  superfioal epicardial imvoliement may cause a current of
njuty to flow from the surface towards the underlving henlthy mu cle 1w
other words the surface of the heart develops a nepatne potental The

Fig 326—Chron ¢ constrictine pencard us showinglas oltay and it T aves

situation  therefore resembles that 1 myocardial nfarction but the
leston 15 general instead of local Thus n the mital stages elevation of
the RS T segment may be seen in all chest Jeads 1n Loth VI and VE
and therefore 1n ali standard leads (fig 3 252) Unhke most records of acute
myocardial infarcrion the RS T segment remams concave As the under
tymng muscle 1s healthy there ate no pathofogical Q naves After a few days
the RS T segment regains the 1so potential level and the T wave becomes
merted (g 3 25b) Upward coving of the RS T segment does not occur
If perscarditis 15 loc.lised the changes described may be confined to cor
responding leads but few important forms of percarditis reman focalised
for Jong Senal records nearly always reveal what may be called the T
pattern 1n contrast to the T, or T} types of myocardal infarction [ ow
voltage QRS complexes usually indicate pencardial effusion

The electrocardiogram returns to normal as the pencardits recovers In
chronic constrictive pencarditis flattened or mverted T waves in all feads
are permanent and are usually associated with low 1oltage QRS complexes
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Fig 327 {a)—The effect of dignsbis on the electrocardiogram showmg saggmg of the
RS T segment and shortening of Q T¢ to © 33 second

—Showmg gross depression of the RS ‘T segment oranin erted T wanve with
a straght proximal lmb Q Te 13 shortened to @ 36 second
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{fig 326) Notinfrequenthy the P waves are widened and relatnvels pro
minent

Digttals T voave pattern Digitalis depresces the RS [ sepment and
shortens the Q ‘T nterial At first the RS T junction 1s depressed and
there 1s downward coving of the RS T segment T rematming upnght (fig
3 273) In the second stage sagging 1s more marhed and the peak of T can
no longer be discerned In extreme digitalisation the RS T segment be
comes a straight lme sloping, downwards from sts depres.ed ongm to a
blunt peak (fig 3.27b)

Innormn) hearts these effects are seenn allleads butespecially mfeadV 5
and standard lead V2 When the heart1s electrically honzontal thes are seen
best1n V5 VI and in standard lead 1 when 1t 1s electrically vertical they
are best seen in V, VI and in standard lead 3 When the left ventncle s
enlarged and the heart 1s honizontal the changes occur mare markedly 1n
V5 VL and standard lead 1 and the RS T segment may be elevated and
upwardly comexn ViV F and standard lead 3 When the nght ventricle
1s enlarged they may be most conspicuous sn Vi 3T and standard lead 3
and the RS T <egment may be elevated and upwardly convexin 1, VL
and standard fead 1

Anovic T waus Electrocardiograms taken from patients during an
attack of angina pectens mav show transient depression of the RS T

= T
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Fy 328 ()~Depression of the RS T segment dur ng an attack ol ¥ngina pectons
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Fig 327 W)—The effect of dimtalts on the electrocardiogram shawing sagging of the
S T segment and shortening of Q Te to o 33 second

b}—5howinz gross depression of the RS T segmentor anin erted T ware with
Fig 327 (b} strarght proximal limb Q Tc 18 shortened to o 36 second
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Fig_3 30~Relati ¢y permanent depressicn of the RS T segment in left emncular
surface leads 11 @ case of angina pectorts duc to occlust e & sease of the coronary arteries

W3 vaedema pattern Tlat or nverted T waves in all feads are character
tstie of myveedema (fig 3 31) In such cases the voltage of QRS 1s usually
below 6 mulfimetces in the most fas ourable standard Jead and there 1s often
bradycardia Simular apg may be found m chronic constrctive
pericarditis 10 long standing cases of severe angrw partcularly per
nictous and 1n anoxic chrome pulmonarn heart disease but in these there
15 commonly tachycardia In severe cases of 1schzmic heart disease with

L i -

F g 3 3~—\wedema
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Fig 3 32—Pneumonic carditis There 1s partial heart block with dropped beats and
mnversion of the T wave in all leads

repeated myocardial nfarction somewhat simlar graphs may be encoun
tered Indeed when the whole heart 15 involved 1n any disease and when
recurrent heart failure has occurred the voltage of QRS may be low and
the T waves flat or shghtly inverted 1n all leads whatever the etiology

Carditss pattern In any form of carditis but especrally in diphthena and
least frequently 1n acute rheumatism simple inversion of the T waves may
occur and may favour any lead (fig 332) The RS T segment may be
normal or depressed The voltage of QRS 1s usually normal

Fig 3 33—H gh voltage sharply peaked T Wates 11 uremiz assacuated with 1 hegh blood
potsssium The long Q T imtenal 15 due ta hypocalcemia Widening of QRS due to
potassium s well seen an the chest Jeads
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Potasstum T wates In urvmia when the blood potassium 1s ligh un
usually sharp T waves of high voltage are often scen (fig 3 33) Stmlar T
waves may be produced 1n normal subjects by raising the bleod potasstum
to sbout 2, mg per cent by giing 10 1o 20 G of potassium acetate by

!
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o R T W 2 HOUTS FER POTASSIUM

Fig 3 34—Effect of potassrum on the T wares m a case of concordant left ventricular
preponderance The QRS complex 13 also widened

mouth * Ahigh blood potasstum al otends to rectify many forms of 1ns erted
T wave (fig 334) but not those due to myocardial infarction which may
be exaggerated (Sharpey Schafer 1943) Widening of P and QRS 1s also
due to potassium and 1s seen m both dlastrations

When the blood potasstum 1s unduly low (<12 mg percent)the S T
segment and T wave may be depressed and the P R interval and Q T¢
prolonged (Perelson and Cosby 1949)
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CHAPTER IV

DISORDERS OF CARDIAC RHYTHM

auricular node of Keith and Flack (1907} situated 1n the upper part
of the sulcus termnahs antentor to and to the right of the mouth
of the supertor vena cava (fig 4 01) Approvmately 70 times per rawnute
this node discharges stself and initiates an excitation wave which spreads
1n all directions over both auricles Close to the opening of the coronary
simus above the base of the tricuspid valve on the right side of the atral

r I YHL speed and regularity of the heart beat are controlled by the sino

S no auncular Node
K th & Fla k 1907}

Bundle of HIS
1893,
Auriculo-ventricular \
o Ven c 1 re
Tw 1908 N contacto t

R ght Bundle Branch

SOUNDS U.
23

Lefi Bundle Branch “

Fig 4 o1~—Anatomy of the conducting system

septum 1s situated the auriculo ventricular node of Tawara (1906) This
also forms impulses but at a slower rate so that normally 1t 1s prematurely
discharged by the excitation wave mitiated by the S A node The impulse
then spreads down the Bundle of His which passes horizontally to the left
to penetrate the membraneous interventricular septum where 1t divides
into Ieft and right bundle branches These pass down each side of the
muscular septum just beneath the endocardium The bundle branches then
break up into a network of Purkinge fibres which carry the excitatory pro
cess to the sub endocardial myocardium

Physiology of conduction From the pace maker' 1n the sino aurcular
node the excitation wave spreads through aunicular muscle at a speed o
about 1000 mm per second Passage through the A V nodal tissue 18
believed to be relatively slow and 1s esimated at 200 mm per second
Spread down the bundle branches and the Purkinye fibres 1s rapid and 18

108
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probably as fast as 400 mm per second Conduction through the ventricles
which 15 believed to proceed directly outwards s put at foo mm per
second (Lewis 1925)

Both the S A and A V nodes are undcr direct autonomic control being
stunulated by sympathetic activity and depressed by vagal activity Cardiac
accelerator nerves artse from the lateral horns of the upper 4th or 5th doreal
segments of the spinal cord enter the sympathetic chain and pass cramally
to the cervical gangha Post ganglionic fibres form the superior muddle and
inferior cardiac nerves which terminate 1n the S A and A V nodes

IRREGULARITILS AND ALTERAIION OF HI ART RAIL
INITIATED OR GOVERNED Bt I'HE SINO AURICULAR
NODL

SINUS ARRHYTHMIA

There 1s probably no such thing as an absolutely regular heart Shght
1rregul; the heart quick g with inspiration and slow g with expira
tion 1s normal and depends upon vanations 1n vagal tone governed by a
Teflex which 1s thought to be mitated by receptors in the lungs Another

Fig 402—Simnus arthythm a

form of smus arrhythmia occurs independently of respiration Both are
more common 1n the young and when the heart rate 1s slow tend to be
exaggerated by drugs which increase vagal tone (such as digitalis) and may
be abolished by evercise or by atropmne

Other varieties of sinus arrhythma are not essentually different but owe
their recognition to some particular associated feature thus there 15 a form
associated with smo auricular block another with sinus bradveardia and
paroxysmal auricular fibnllation or flutter a third with convalescence from
certain inf fevers esp fl and so on I d vagal
tone 15 common to all these types

Duagnosts 1s usually e2sy or doubt 1s soon resolved by means of exercise
atropine or amyl mtrite An electr d provides 1 ev
dence (fig 4 02)

Although sinus arrhythmia 1s normal 1t should not be regarded as a
positive sign of a normal cardiovascular system for 1t may occur mn any
form of heart disease
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SINLS TACHYCARDIA
The heart rate varies markedly 1m duff Jo In the eleph
for example 1t 1s about 30 beats per minute 1 the rat st s close on 6oa It
1s constderably slower sn the hare than i the rabbit On the whole the
speed 1s tnversely proportional both to the ize and to the athlenc endurance
of the antmal In man the average heart rate 1s 72 beats per munute but
there are wide himns of normahty ranging between 4o and 100 The pulse
1s faster m children avéeraging 120 to 130 at birth and slowmg gradually
during chifdhood to reach about 8o at puberty The more athletic the
mdrvidual the sfower the pulse as a rule and m well wamed athletes
resting figures of 45 to 5o are common Tt follows that tachycardia mav
mean a heart rate faster than average faster than the upper lumit of
normality or faster than what ss known to be normal for a particular
mdrvidual
Apphed physiology Tachycardia has atways plaved an impresstve part as
a physical sign in general medicine It has recersed weighty consideration in
fevers m all forms of heart disease i shock and hemorrhage m varous
<hromic d such as pul y tubercul and indeed 1n almost
every condition yet 1t can mean hittle unless 1ts immedtate cause 1s under
stood This 1 not to decry tachycardia as a valuable sign but 1o emphastse
that 1ts significance depends upon 1ts h
The speed of the sno auncular pace-maker 1 strongly snfluenced by the
autonomic nervous system Complete paraliss  of the vagus may be
produced within a minute by going 2 to 3 mg of atropine sulphate intr2
venously whereupon the heart accelerates to a speed of 130 to 160 per
mumute The cardiac output per minute nises simultancously but a fall
venows filling pressure which accompantes the tachycardia may counteract
thus effect (Mc\Michael and Sharpey-Schafer 1943) The ventnicular strohe
volume s diminished even m those with higher outputs Emotranal tachy
cardia as 1n the anxtety states and also the tachveardia of consalescence
appear to be due to dirumshed vagal tone
Tachycardia may be due to a nise in pressure within the great vems and
night auricle venous receptors imtiating the Bambndge reflex by which
ragal tone 1, reduced Under these circumstances the stroke volume mab
be mamtamed or mcrea ed the cardiac output per minute rising i pro
portion 1o the tachycardra or even gher This mechanism operates durmg
effort and 1n anerma ben bert artenovenous shunt anpxic pulmonary
heart disease generahised active Paget s disease and pregnancy  [he Bamn
brsdge reflex s also sesponsible for the tachytardia so frequenthy seen
congestrve falure
"The speed of the heart 1 also controlled by refleves inttiited by receptors

1n the aorta and carottd sinuses When the blood pressu 5 vagal tone
1s increaced and the heart slows when 1t falls sagal tor nim hed
and the heart quichens {(Varey s T 2w) This 1s the mechan: trady

cardsa d with cond causmg a rise of b nee
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such as acute nephntis and 1t 15 part of the mechanism controlling the
tachycardin of low blood pressure states

\novia may cause tachveardia by direct 2ction on the central nucler or
possibly reflexly through the carotid sinus Just what part it plays in the
production of tachveardia in anemma and cor pulmonale 1s uncertan
Thyrovin and fever have a direct sttmulating action on the pace maker and
so has adrenaline but the latter may also excite the carotid stnus slowing,
reflex by raising the blood pressure so that the heart rate may change but
hittle The elesated cardiac output which accompantes the tachycardia 1s
also probably due 1n part to a direct action on the heart In the case of
adrenaline the cardiac output may nise when there 13 no change n heart
rate or blood pressure (McMichael and Sharpey Schafer 1944)

Dufferential diagnosts From the clinical point of view sinus tachycardia
must be distinguished from auricular flutter and from paroxysmal tachy
cardia This 15 usually possible at the bedside Sinus tachycardia varies 1n
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T g 403—S5 nus tachycard a slo ed by carotid sinus compression

rate from munute to minute or at least from hour to hour and 1t vares
with emotion effort and change of posture Carotid stnus or eyeball com

pression and release result in gradual rather than abrupt slowmng and
quickening of the pulse respecttvels although changes mav be difficult to
detect with fast rates In auncular flutter (and sometimes 1n paroxysmal
aurteular tachycardia) the rate 1s usually fixed nesther varying spon

taneously nor with emotton effort or change of posture whilst on carot:d
sinus pressure slowing 15 abrupt often to half the rate 2 1 physiclogical
aunculo ventncular block bemng converted mtoa 4 1 relationship and on
release reversion to the onginal rhythm 1s again abrupt and may not take
place for several seconds Even without so precise a clinical analysis the
degree of slowing mav vet be too gross for sinus tachycardia In paroxysmal
nodal and ventricular tachycardia the rate 1s also fixed and carotid sinus
pressure erther stops the attack abruptly as i §o per cent of the nodal
cases or has no effect whatever If 1t 1s imposstble to interpret the results
of carotid sinus pressure clincally the problem may be solved by com

binung the manceuvre with an electrocardiogram (fig 4 03) It should be
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explained that an electrocardiogram per se mav not afford certain distinction
between the e three thythms although lead V) or CRr greathy facilitates
analysis
Effect on the heart Sius tachycardia presents an important problem in
relation to heart failure Is 1t 2 causal factor or merely a reflection of cardsac
embarrassment  Or 15 1t part of a compensatory adjustment beneficial
under the circumstances Such questtons are difficult to answer directly
but the presentation of some of the releant facts may help to clanfy the
1ssue A normal heart tolerates any natural degree and duration of smus
tachvcardia rates approaching 200 for example being common dunng
iolent exeruon and persistent rates of 120 or so being endured for over
20 years 1 certain cases of Da Costa s syndrome without harmful results
On the other hand diseased hearts frequently develop congestive fatlure
with heart rates of 1,0 to 200 1n auncular flutter or paroxysmal tachy cardia
the effect being attributed to overwork and to fatigue resulung from
msufficient diastolic rest The tachveardra of the hyperhmetic forms of
cardiovascular disorder (thyrotoxicosss anzma anovic pulmonary heart
disease bert ben arterio venous aneurysm and generahsed Paget s disease)}
15 part of the physiological h g a high cardac output
and therefore performs a useful function but when the heart fails 1e when
1t 1s overloaded the cardiac output falls and the tachycardia 15 wasted.
Under such circumstances tachy cardia reflects cardsac embarrassment and
deprives the heart of diastolic rest In the hypokinetic forms of heart
failure such as those s hich may be seen 1n cases of b pertension and mitral
stenosis tachvcardra due to the operation of the Bambndge reflex 1s 2
reflection of carduc distress from the start and senves no useful purpose
In chronic constrictive pencarditis and to a lesser extent in high pressure
pencardial effusion tachycardia may provide the only means of mamtain
ing an adequate cardiac output for the stroke volume 1s strctly hroted
In the active forms of carditis (theumatic diphthentic and Fiedler s) and
10 bacterial endceardints the heart rate may be disturbed by local pathologs
ferer towema or (in diphthenia) by airculatory collapse and probabh
adversely affects the heart On the whole 1t may be said that the heart
tolerates sinus tachycardia which tends to deprive it of rest better than 2
high cardiac output and much better than a rarsed blood pressure both
of which increase 1ts work
There 1> no treatment for sinus tachy cardsa itself but attention should
be pard 10 11s cause

SINUS BRADYCARDIA

As alreads stated heart rates of 45 to 40 per nunute are common 12
athletes Some indiiduals trrespectine of their physical tramng have 2
naturally slow pulse Sinus bradveardia 15 a feature of certan diseases
notabls mvxeedema obstructive jaundice and aoruic stenosis and it 1s not
uncommon during convalescence from certain fevers especially influenz3
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It also occurs when the blood pressure 1s rmsed rather suddenly as in acute
nephntis the slowing bemng reflex through the sino aortic afferents and
the vagus It 1s a familar sign of lestons that increase the intracranat
pressure when 1t may be due to direct stimulation of central nuclet
Slowing of the pulse may be induced temporanly by carotid sinus or
eveball pressure as a transient event 1t occurs naturally 1n vaso vagal
syncope

The differential diagnosis between smus bradycardia sino auncular
bloch and heart bloch can usually
be made at the bedstde but electro
cardiographic confirmation 15 ad
vised In sinus bradveardia the
pulse quickens gradually with effort
atropme or amjl mitrite tn sino
aunicular block and sometimes 1n
2 1 heart block the rate doubles
abruptly whilst in complete heart
block the degree of acceleration 1s
barely perceptible  Heart bloch
may also be recogmised by study
ing jugular pulsation (see page
120)

One of the consequences of sinus
bradycardia 1s an increased ven
tricular stroke volume of sufficient
degree to maintan a normal cardiac
output per mmute When the heart
rate 15 40 the stroke volume g 4 o4—Relative carduac enlargement
approaches double the average due to sinus bradycardia
normal the drastoltc heart size 1s
larger than usual (fig 404) and m time hypertrophy may occur Such
enlargement 1s physiological

When the speed of the pace maker approaches 40 per mmute 1t may
become slower than the natural speed of impulse formation mn the auriculo
ventnicular node 1n which event nodal rhythm occurs As sinus arrhythmia
18 often associated with bradycardia it 1s more usual to see irregular examples
of ventricular escape the A V node taking over whenever a pause 1s un
usually long (fig 4 o5) Nodal rhythm would supervene more trequently
sf the mnfluences which retarded the stnus node did not al o depress the
A V node

Sinus bradycardia 1s often as octated with sinus arrhythmia sometimes
wath auricul s ectopic beats and rarely with paroxysmal aurtcular fibrilla
tion or flutter 1n elderlv subjects Vagal mfluences appear to be responstble




114 DISEASES OF THE HEART AND CIRCULATION

Fig 4 05-—Nodal escape n sinus bradycardia

SINO AURICULAR BLOCA

There are three types of sino auricular block corresponding to simlar
vartettes of A V block First beats may be dropped trregularly the pauses
being roughly equal to two normal intervals (fig 406) like the dropped
beats of partial A 'V block with fived prolonged P R nterval Second beats
may be dropped more or less regularly the pauses being always Jess than
two normal mtervals ike partial A V block with progressive lengthenmng
of the P R interval unul conduction fails - the Wenckebach tyvpe Third
there may be 2 1 sino auricular block ey ery second beat bemng dropped
this gives rise to 3 slow regular heart rate which doubles on effort or with
atropme (fig, 407) To understand these phenomena 1t 1s necessary to
appreciate the fact that there 1s no electrocardiographic representation of
the formation and discharge of the excitatory impulse at the sinus node, the
hrst wave (P) of the electrocardiogram recording the passage of the impulse
through the auricles so that farlure of conduction between the S A node
and the auricles can only be mferred

Fig 4 06—Smo auncular block showing srregular dropped beats
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Fi, 4 07—-5no suncular block the rate doubles on eftort

Sine auncular block 12 usually encountered in normal induniduals the
first tho types being commonly associated with sinus bradycardia Itis a
mamfestation of increased vagal tone and may be abolished with atropme
When there1s 2 1 bloch and a pulse rate of about 40 per minute fluoro
scopy may reveal cardiac enlargement due to the large stroke volume
necessary to mantain a normal cardiac eutput As with sinus bradycardia
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Fig 4 o8—Cardiac standstil] occursing spontaneously s 500 aur cular block
(By ourtsy fU HymndD !}

ventricular escape may occur and would probably be more common f the
AV node were not also depressed

There are no symptoms of sino auncular bloch per se but occastonally
shott periods of cardiac standstll with dizziness or syncope may occur
and appear to be due to bursts of extreme vagal actiity (hg 4 8) They
may be prevented by atropine Attachs of this kind may be readily induced
1n susceptible ndniduals by carotid sinus pressure (hg 4 09)
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Fig 40,—Cadi ¢ fandst ) due to ca ot d sinus compression




(®) Anverted An inverted P wave precedes QRS ( Coronary sinus rhvthm )
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(c}—The Pwave 1s nusible bemg buried in QRS
(leads 7 and 2 lead 3 shows normal th thm)

Fig 4 to—\odal rhvthm
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ANODAI RHYTHM

‘The sinus node 15 the pace maker of the heart onls because its inherent
rate of impulse formation and discharge 1s quicker than that of any other
focus endowed with a similar capacity but 1f 1t 1s sufficrently depressed as
by cooling some other focus may form 1ts impulses at a faster rate and so
become the temporary pace maker and 1n fact this function usually falls
upon the aurniculo ventricular node Under such circumstances aurtcular
excrtation 1s retrograde and the electrocardiogram usually shows an n
verted (or deformed) P wave yust after the QRS complex and a heart rate
of 40 to 60 per minute (fig 4 103) Sometimes however the P ware may
precede (fig 4 10b) or comncide with the QRS complex or it may be absent
altogether owing to retrograde block (fig 4 10¢) Occastonally 1t may shift

T it D i e T e L
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Fig 4 11—Shiftng nodal thythm

its position from moment to moment (shifting or sliding nodal rhythm
fig 4 11) but if such graphs are exammed crtically some are seen to be
examples of sinus bradycardia with frequent ventnicular escape (so called
wandering or shifting pace maker) and others reveal progressive lengthen

ing of the period of retrograde conduction to the auncles until an aurtcular
beat 1s dropped after which (he P wave reverts to 1ts imial position the
cvcle being rep d 1y (partial grade block)

Nodal rhythm may be discovered by chance n healthy individuals 1t
may occur 1n active rtheumatic diphthentic and Fiedler s carditis 1t may
be momentanly induced by carotid sinus pressure and 1t may follow
thrombosis of the nght coronary artery above the onigin of the branch to
the sinus node (this branch anses from the left coronary artery 1n 4o per
cent of cases) but 1its only common cause 1s digitahis therapy

Nodal rhythm 1s under autonomic control the heart rate being slowed
by vagal stimul and ! d by pine and exercise (White 1915}
It 1s a harmless rhythm change gnes rise to no symptoms and requires no
treatment When due to digital:  there 1s no need to stop the drug

HEART BLOCh

14 b d

When any organuc leston or fi tmpedes
through the bundle of His or through both tts main branches we may
speak of heart block There are four grades prolonged P R mterval
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dropped beats partral block with fixed auriculo ventricular relationship
and complete heart block

PROLONGED P R INTERYV AL

As discussed on page 78 the upper hmit of the normal P R interval
should not exceed 0 22 second In partial heart block 1t frequently measures
028 to 0 32 second In extreme cases or when there 1s associated tachy
cardta electrocardiograms may show P coinciding with or even preceding
the previous T wave (fig 4 12)
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Fig 4 12~—Prolonged P Rinterval with P comerdimg + 1th the previous T nate

Prolongation of the P R interval may be transtent or permanent or 1t
may develop mto a higher grade of block As a transient phenomenon (when
1t may be abolished by the intravenous yection of 2 to 3 mg of atropmne

Iphate) 1t 1s especrally ch 1stc of any form of active carditts but
1t may also be due to digitalis to coronary thrombosts or to temporary
nutritional changes from other causes and 1t may be induced by carotid
sinus pressure Permanent delay 1n conduction may result from an inflam
matory scar involving the bundle of His as 1n old rheumatic heart disease
or from 1schzmic fibrosts

Although partial heart block of this kind 15 essentially an electrocardio
graphic diagnosts 1t may be suspected clinically on occasions by noting
delay between the aunicular and ventricular components of cervical venous
pulsation by observing a gap between a presystolic murmur and the first
heart sound 1n cases with mutral stenosis or by detecting Cannon waves
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in the neck {p 122) Its practical smportance hies in its vatue as a sign of
aetine rtheumatic cirditis

o special treatment 1s required

PIRTIAL HEART BIOCK WITH DROFPPED BLATS

1In ashightly higher grade of partial heart block conduction through the
bundle of Ihs fals altogether from trme to ume so that senmtncular beats
are dropped In the tipe first recognised by Wenckebach {x8gg) the P R

. -
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Big 4 13~Lartsal heart block wsch dropped beats {Wenchebuck 6 pe)

mterval shortens considerably after a beat s dropped but subsequently
engthens progressively from ¢vele ty evele untit conduction agan fatls (i
413) Inanother type {11y 1906) the P R snterval 15 fixed and beats are
dropped irregularly and unpredietably

1 he condition may be suspreted chintcally but cannot be so dnstinguished
from partial stno auncular block nor from pauses followng extremely pre
mature and therefore inaudible ectoprc beats 1t1s commonly transsent and
recorers spontancou b but occasionathy progresses to complete heart block

PARTIAL HLART BIOCA BITH PINFD 41 RELATIONSHIP
Relatnely stable forms of partiat heart block may be encountered usualhy
with 2 2 1 aunculo ventricular relavonshup (Ag 4 14) but occasionally

Fg 4 té—z-1 b art block
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with 3 1 oreven 4 1 A V ritios These usually progress to complete
heart bloch they are much less common n active carditss than 1n 1schemic
cases

Clineally 2 1 heart bloch has to be distinguished from sino aurnicular
block from sinus bradycardia with a heart rate of about 40 per minute
from nodal thythm and from complete A V dissociation Failure to quicken
appreciably with effort or atropine excludes smno auncular block and sinus
bradycardia (and usually nodal rhythm) Ifisolated auricular waves can be
detected 1n the vemns of the nech therr regular tming may distinguish 2 1
block from complete A V dissoctation

COMPLLTE HEART BLOCK

Etiology Complete aunculo ventricular dissociation 1s very rare n
active rheumatic carditis but less so 1n diphtheritic carditis 1t may be
induced by digitalis espectally in cases of aunicular fibnillation and has
been caused by hxmorrhage into the bundle of His from trauma or
asphywia and by primary or secondary neoplasm About 10 per cent of
cases are cong, 1 and may be 1 with ventricular septal defect
As a rule however complete heart block 1s associated with 1schzmuc or
hypertensrie heart disease with syphtlitic zortitss or with extensnve calet
fication of the aortic cusps or mutral ring 1n elderly atherosclerotic subjects
and 15 due to a fibrotic or calufied leston 1n the bundle of His, or in both
1ts main branches

Climical features A 'V dissociation 1s four times more common 1n males
than in females and 84 per cent of cases occur 1n patients over 5o years of
age (Campbell 1944) It 1s usually permanent but under special circum
stapces may be transtent or even paroxysmal (Lavrence and Forbes 1944)
1t 15 charactersed by an extremely slow heart rate by a water hammer or
collapsing pulse by elevation of the venous pre sure by cervical venous
pulsation unrelated to ventricular contraction by audible mdependent
auricular sounds by the occurrence of Cannon waves 1n the neck and
sarying ntensity of the first heart sound by general enlargement of the
heart and by syncopal attacks of a special kind It 1s prosed electrocardio
graphically (fige 4 152 and b}

Winlst the pulse rate 1s usually sbout 28 to 36 per minute based on the
nherent rate of impulse formation of the 1dio ventricular pace maker dis
tal to the block 1n the bundle of His 1t may be so slow as to induce a state
of continual funtness (fig 4 15b) as in the case onginally described by
Spens (1793) 1n which st fell to g beats per minute At the other extreme
complete A V dissoviation may be seen with a ventricular rate of oser 100
the ventricles sometimes beating more rapidly than the auricles (fig 4 10)
On the whole rates are faster when QRS 1s normal 11 width slower when
the QRS resembles left or night bundle branch block (hay 1948) Idio
sentricular pace makers are Iittle affected by sumuli which influence the
S A and A V nodes so that the pulse rate usually remams remarhably




Fig 436—Compt t A ¥ drssociation with the ventricles beating faster than the auricles
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constant 1 complete heart block In transient or paroxysmal cases how-
ever tn which a functional element may be present, temporary restoration
of sius rhythm may accompanmy fever as in the case described by Ger
bezius in 1719 (Major 1932)

A hagh svstolic blood pressure s usual, and 1s due to the large ventnicular
stroke volume Owing to associated vasodilatation howeser the pressure
1s not well mamtained but tends to fali away rapidly 1n diastole gnang nise
to a vollapsing pulse and to a rather low drastolic blood pressure

Under favourable cir p of cervical venous pulsation
may reveal auncular waves ( a waves) independent of ventricular events
(¢ and 1 waves), as noted by Stokes (1846) Stmuitaneously may be
heard the faint sounds of 1solated auricular contractio s (the semt beats of
Stokes) either at the apex beat or down the left border of the sternum

\enous cannon waves occur when the P wave falls between QRS and

[ 1e when the auricle contracts agmnst a closed tricuspid valse and are
easily recognized by their abrupt quality high amphtude and varuabihty
Changng, intensity of the first heart sound 15 equally charactenstic the
loudest sounds are heard when the P R interval 15 around o 10 to 012
second aurcular contraction then forcing che mutral cusps wide open
just before ventricular systole {(Levine 1948)

Cardiac enlargement 15 usually more conspicuous than that seenr 1n stno
aurtcutar block or in sinus bradycardia but 1s of the same quality unless
the size and shape of the heart are altered by other effects of the underlying
disease process

The cardiac output can only be mamntamned by a large stroke volume
propelied with great force Dustolic distension 15 favoured by a com
pensatory nise in venous pressure and this must be very considerable
during effort The earlv development of congestne fatlure 15 reathly
understood

Stoles Adams attacks Syncope due to ventricular asystole (Stokes

Adams attachs) occurs 1 about 5o per cent of cases and 1s especially com
mon when partial block b plete Loss of ¢ 1s abrupt
without warmng 1f standing the patient collapses and lies imp <till pale
and pulseless with fixed drated pupts - as if dead breathing however
continues If the attack lasts long enough re for more than ro seconds or
so twitchings commence and may progress to convulsions and if ven

tricular asy tole continues for more than z or 3 minutes recovery 15 rare
As a rule howeser ventncular beating 15 resumed after a few seconds
conscrousness returns abruptly and a vinid flush ensues When an attach
occurs tn bed the lack of warming short duration of unconsciousness and
abrupt return of full possession of the faculties may prevent a dull patient
from being aware of the fis and he may only notsce the fush The sequence
of events both symptomaucalls and objectively 15 so charaetenstic as to
make the diagnosis probable on the history alone ~ a point of some impor

tance 1n patients with paroxysmal bloch who mav present themselves with
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normal smus thythm In such cases carotid sinus pressure may prosohe an
attack or induce paroxysmal heart block (hg 4 17)

Phywologicalls Stohes idims attachs are due to depresston of 2 poten
tual or established dw ventricular pace maker 1n cases of complete heart
bloch the ventricles stand stlt while the auricles continue to beat | hey
arc apt to occur when partiol block becomes complete either becu e such
an event 1s usually assaciated with some depressrve influence on conduction
which may also depress ventricular pice makers (even though considered
beyond vagal contral) or hecause tdio ventnicular pace mahers are by
nature mitally slugmsh When complete block 1s well established artacks

P
3 1
=i ;:j)::}:f e
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Fis 4 17—Stokes Adams it artific iy provoked m a patient srth pa oxysmal complete

may Ml occur but are less coramon The abrupt loss of conscrousness
depends upon sudden total farlure of cardiac output Twitching 15 due to
cetebral anovia and 1s not seen 1 short attacks Convulsions are of tho
types ome bemng an exaggeration of anovic twitching the other occurnng
after restoration of ventricular scton and svnchronismg with the flush
(Formyne 1938) In the second type convulsions and flushing appear to
be due to carbon diovide depletion 11 the blood stagnant in the lungs during
the phase of asvstole with d resp and to i
lting from i! of tssue i s0 that when ventricular
beatmg 15 resumed blood rich oxygen but contaiming, practically no
carbon diovide 1s thrown abruptly 1nto a widely dilated vascular bed More
often a penod of apneea follows the attack with or wathout subsequent
Cheyne Stoke breathing (Crffith 1921) Apncea of course may also occur
towards the end of fong, pesiods of ventricular asystale when 1t 1s due to
tature of the piratory centre g from p § cerebral anovia
An 1mportant comphcation of Stakes Adams attacks 55 paroxysmal ven
tricular tachycardia or fibrillation (Parkinson Papp and Esans 1941) In
such cases 1t may be impossible to d il v whether uncon
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sctousness 1s due to asy tole or to ventricular fibnllation [t 1s probable that
many deaths are due to the supervention of such rhythm changes rather
than to asystole
Prognosis Congenital and transtent cases do relatively well unless the
dssease responstble 1s sertous for other reasons The outlook mn paroxysmal
and acquired permanent cases however 1s poor life expectancy averaging
43 years (Graybiel and White 1936 Campbell 1944) Those with a history
of Stokes Adams fits have a much worse prognosis than those without the
majonty of them dymg suddenly Those without fits usually die from
congestive heart failure
Treatment The most effective prophylactic treatment for famtness or
syncope 1s the oral admmstration of ephedrine 4 gran (32 mg) tds If
attacks are frequent and the patient bedndden adrenalin 6 §mg (8 mumms
orogsml of a1 1000 solution) should be myected subcutaneously and
repeated every two to six hours Sublingual nor adrenaln 1s also helpful
Both ephedrine and adrenahin prevent undue depression of the ventricular
pace maher and encourage the heart to beat a trifle faster It 1s sometimes
said that 1dio ventricular rhythm cannot be influenced by any of the drugs
of maneewvres that are known to effect the sinus node This 15 not alsays
strictly true but changes are admittedly shght Effort for example may
quicken the ventricular rate 1n complete heart block the adrenergic drugs
fever and even atropine may also do so In treatment, however, atropine
15 valueless alone although 1t may enhance the effect of adrenaline Barum
chloride had a vogue its action depending upon 11s poner to evcite ven
tricular ectopic beats and so to prevent ventricular standstll but this 1s 2
poor suk for the physiological benefit provided by ephedrine In
paroxysmal cases when some functional disturbance must be postulated,
inhalttions of amy! nitrite may abort attachs (Lawrence and Forbes 1944)
A problem arises when repeated seszures are partly due to parovysmal
ventricular tachycardia or fibnllation for if it 1s uncertain whether uncon
cciousness 1s due to asystole or to fibnllation the admumustration of adrena
ime becomes hazardous as the drug encourages the latter rhythm change
Yor ths reason electrocardiographic analysis 1s advised whenever possible
Treatment of the prumary cardrac conditon may help This appltes
especially to the rare transient cases assocmated with actrve carditis or
myocardtal infarction and to permanent cases associated with sypheliic
aortitss Very rarely a small gumma may interrupt the conducting pathway,
and the resulting block may be cured with 1odides (Major 1923)
1f congestise heart falure calls for digitalis therapy the dsug should nat
be withheld on account of comerdent heart block but should be adminis
tered with caution Massive and mtravenous doses should be aveided but
digitabs Jeaf 3grans (02 G ) tds onthe firstday agrams(o 13 G )tds
on the second and 1 gram (6 mg) tds thereafter until an adequate
effect 15 obtained or until signs of intoxication oceur s usually safe Should
a Stokes Adams fit appear to be provoked the drug must be discontinued
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BUNDIE BRANCH BI OCh

Although bundle branch block 1s not strictly a disorder of thythm 1t
may be discussed here convemently on account of its close pathological
relationship to other forms of conduction defect

Anatomy Bundle branch block occurs when some organic lesion inter
feres with conduction through one or ather of the tho mun branches of the
bundle of His As may be cen from figure 4 o1 the mamn bundle after
piercing the membranous septum  divides into two one branch passing
down each side of the muscular interventricular septum just beneath the
endocardium and spreading out fan wise distally the left branch may sub
drvide tnto anterior and postertor divistons 1n the Jower half of the septum
(Mahatm 1931) The A V node bundle of His and postenior diviston of
the left bundle branch recene their blood supply from perforating septal
artertes ansing from the posterior descending branch of the right coronary
artery the night bundle branch and the anterior division of the left are
supplied by perforating «eptal branches of the left anterior descending
coronary artery (Gross 1921) Considerable vanations occur however
especially as vital reactions to 1schzm

Nomenclature W hen the left bundle branch 1s interrupted the excitatory
process reaches the night sentricle first through the relatively normal night
bundle branch and spreads throughout that chamber before passing across
to the left The right ventricle therefore contracts first The electrocardio
gram described and illustrated fully 1in Chapter 1II shows a wide QRS
complex measuring from o 11 to o 18 second the man deflection of which
1s usually upright 1n lead 1 and downward in lead 3 with marhed slurring
or notching and followed by a conspicuous T wave usually m the opposite
direction Right bundle branch block (Wilson et al 1934) 1s characterised
by widenmng of the mitial ventricular deflection to 0 11 to o 14 second by
Iate slurring of QRS ~ usually best scen 1n S; — and by an upright T wave
m lead 1 (page 93) That the first type of graph described represents left
bundle branch block has been proved by the reconstructed vectorcardio
grams (monocardiograms) of Mann (1931) by the electracardiographic
discoveries of Wilson and his colleagues (1932) by hymographic and poly
graphic studies revealing delayed left ventricular events (Wolferth and
Margolies 1935} by expenments on revived human hearts m normal
position 1n which one or other bundle branch has been cut (hountz 1936)
and by I electrocardiographic ph d phic and poly
graphic records demonstrating and analysing ventricular asynchronism
{Braun Menendez and Solart 1939) The detailed histological work of
Mahaim (1931) which at first appeared to support the ongmal view m
which the nomenclature tor left and right bundle branch block was re

versed has been ably reviewed by Yater (1938) who presented extensive
Iistopathological evidence of his own and concluded that the bilateral
lesions invariably demonstrable rendered reltable mnterpretation difficult
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but thet on the whole the findings supported the new terminology Frnally,
the chincal facts cannot be distegarded left bundle branch block 15 com
monly seen 1 lesions msolving the left side of the heart whereas right
bundle branch block 15 usually associated with enlargement of the nght
ventricle This general principle was recogmsed by Tung and Cheer {(1933)
and by Bayley (1934}

Enology Left bundle branch block 1s usually due to hypertensive heart
disease 1schanuc heart disease or aortic valve disease night bundle branch
bloch to mutral stenosis atrial sepial defect or masswe pulmonary em
bolism Esther form may occur in active rheumatie diphthennc or other

Fig 4 18~-Aliernating left bundle branch black

form of carditis 1n any disease affecting the heart as a whole such s thyro
toxwcosts and fibrosis of the myocardium of knawn or unknown etsology
and as a result of any local lesion such as neoplasm Partial forms are
vommon and tend to progress on the other hand bath left and night
bundle branch block may be transient paroxysmal or even alternating
(fig 418) sometumes sn assoctation with paroxysmal tachycardia aur
cular flutter o fibniilation somettmes durmg an episode such as acute
myocardial wfacction congestive heart falure or massive pulmonary em
boliem but also spontancously Right bundle branch bfoch 1s sometimes
found in otherwise healthy tndividuals even m youth

Chmeal features Chmcally left bundle branch black may be suggested
by press stolic gallop rhy thim i the absence of ventricular distress and nght
branch bloch by wide sphitting of the second heart sound In many cases
honerer no such clue 15 afforded and its cxistence 13 only discovercd
electrocardiograptucaily W hen the heart 1s enlarged and it 1s uneertam
which chamber 13 mamlby tnsolied the presence of Ift or night bundle
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branch block pomts strongh to the homolaterat sentricle I eft bundle
branch bloch provides consincing proof of serious heart desease but nght
bundle branch bloch must be aterpreted more cautiously Nesther form
1s whuenced ty digiakis atropwe or by am of the adrenerie o cholin
ergc drugs

Prognons 1he average bfe expectancy for cases of bundie branch bloch
w general has been estimated at 3 vears (Campbell 1944} but it should be
clearly understood that m ans given patient the progrosis 1s that of the
underlying heart discase and 1s sot mflucnced by the conduction difect
Agamn 1f nght bundle branch block s found m an otherwise normal
indnniduat the outlook does not differ from normat controls (Wood Jeffers
and Wolferth 1935}

LCTOMIC BIATS

Lctopic beats are premature systoles induced by the discharge of seme
ectopic impulse forming focus situated anywhere i avncular nadal or

T 4 1g9—Auncstar ectap ¢ b ats

rentnicular tssue They are necessanly premature because all potential
smpulse formung foar are otherwise discharged by the excuation which
reaches them from the smus node

Pliystology In the auncular type (g 4 19) the P wave 1s abnormal
shape or direction according to the site of the ectopie focus and 10 the
direction in which the wnpulse flons oter the auncles In these cases the
partially charged sinus node 15 dischasged when the impulse reaches 1t 80
thatthe compensatory pause following the ectopte beat1s shight bang equal
10 2 normal cyele plus the mterval betvneen the anset of the ectopic and the
arrival of the retrograde exeutatory process at the 5 A node The timing of
the heart beat 15 permanently altered I'he ventricular complex 1s usuallv
normal but may be shightly deformed as 2 result of 3 functional defect sn
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Fig ¢ 20—Nodal ectopic heats Slight deformuty of QRS 15 due to fatigue block Inlead 1
the P wave immedtately after the ectopic 15 blocked In lead 2 the nodal ectopic 1s imter
potated Tn bot there 1 tetrogtade block

conduction If an aurcular ectopic beat s very premature it maay be blocked
altogether

Nodal ectopic beats {fig 4 20) are premature beats anising mn any part of
the aunculo ventricular junctional tissue The QRS complex 1s normal or
shightly deformed as described above but the Pwase s mverted and occurs
just before duting or just after the QRS complex according to the more
proxumal or mare distal site of the ectopie focus and to the degree of
resistance opposed to retrograde conduction Dischatge of the sinus node
(untess there 15 retragrade block) agam prevents a full compensatory pause
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Frgr 4 2x—~Rught v entncular ectopie beats
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Y entricutar ectapic beat. are characterised by a full compensatony prse
for the sinus node 15 not discharged by the premature tmpulse owiny, fo
retrograde block {physiclogical) in the bundle of His or to natural detay

de cond and so 1o fi at 15 usual ume It
first discharge 2fter the ectapic however 1s bloched by th refractory state
of the ventricles and so there 15 a pause until ts sccond dsscharge he
final tunung of the heart beat therefore remarns unchanged  Llectrocardio
grapiucally o semtnicular ectopic beat resemnbles a bundle branch block

1 Vi,
o T AU
¥ el SN
i b 61 kot oaadd

Fiy, 4 2a—Left ventricular ectopic beats cxusng coupl ng

complex QRS bewng widenced and notched zad T being promunent and
usually in the opposite direction When the deflection s kike feft bundle
branch block the ectopie focus lies i the nght sentricle (fig 4 21) when
QRS 15 Iike nght bundle branch Back the ectopiz forus hes in the left
ventricle (fig 4 22) There are many vanations howeter depending upon
the exact site of the irrtable focus (Batker e2 ol 1930 hountz 1936)

Premature beats have o smaller stroke volume than normal and if very
P Tay not be p puible at the weost or audible with a stetho
stope The beat which follows ss fulfer than usual and 1s apprecrated by
the patient as a hard thump This 1v 2 matter of cardsac fithing the earher
the ectopic beat the empuer the heart the longer the compensatory pavse
the fuller the heart The blood pressure varies directly with the amphtude
of the pulse

Chnscal diagrons Chmcally ectopace beats must be distmguished from
other wregularities especially from anncutar fibriation and from partial
heart black wuth dropped beats Whilst this may be easy i the majonty of
cases confusion anses with multiple suricular ectopic beats which may be
md‘stmgmshahlc from auncular fibniltation and with naudible imper

T
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ceptible or blocked ectopic beats which mimic partial heart bloch + ith
dropped beats Alternate ectopic beats or coupled beats may be confused
with 8 A bloch when very premature wath a dicratic or bisferiens pulse, or
even with pulsus alternans If there 1s any doubt the effect of effort amyl
munte orof 1 mg of atropine sulphate should be determined ectops beats
usually disappear as the heart quickens and may be exaggerated as it siows
down agan
Eiology Expenmentally ectopic beats may be produced by clectrical
stsmulation of any part of the heart Certan drugs notably digitahs barmm
chlonde and adrenahine may produce them Escessive use of tobauto
oc Iy scems responsible They are m pregnancy Whilst
atmo-t any state of 't health may be blamed for their occurrence no com
mon factor has been discosered and in the majonty of cases there 1s no
evidence of structural disease of the cardiosascular or other systems
Oceasionally however auricular ectopic beats may herald sunular hbnlfa
tion especially i mutral stenosts and thy ratoxicosis Under certain areum
stances also, ectopic beats are probably due to orgamic disease for example
thetr oucurrence during the course of diphtheria may be due to tovie
carditis but as mnocent ectopic beats are common enough after simple
streptococeal tonsithtis and indeed during convalescence from any feser
1t 35 tmpossible to draw any conclusion from thetr presence Again ectopic
beats follov sng coronary thrombosis are probably significant, and to be
explamed by writable fors set np by ischmia but as they are equally
common 1n condutions which may simulate myocardial infarction e g gall
bladder disease diaphregmatic herma upper abdomunal catastrophies
acute anvety states and the hke they are of ne diagnostic value On the
whole theretore 1t 1s wise to assume the innocence of ectopic beats under
anv condions and to judge organic disease on other grounds
Treatment Manjy patients are unanare of premature systoles others may
seck relsef from paly T fudes fresh air, exercise and
healthy phystological life Of drugs potassium bromude 1o grans (0 6, G )
tds phenobarbitone grain (32mg)tds or qumdie § grams (0 3- G )
tds may prove effecive Alternate ectopic beats (couphng) due to digralis
provide good grounds for stopping the drug or reducing its dose Potasstum
salts ate efficient (bampson and Anderson 1932 Castleden 1941) but the
larpe dose usually required 15 not without danger of sudden death and may
provoke sy as unpl as the palp chuefly nausea and
somiting, the chioride or acetate s> employed 25 a 10 to 2a per cent aqueous
solution and may be given by mouth in doses of 2 to 6 G three or four
tunes a day Larger doses are not advised and when the mavimum recom
mended 15 being admimstered the patient should be confined to bed
especially sf there 1s underlying organic heart dsease Reassurance 1s unpor
tant, and should be unconditional and comsincing for 1t should be remem
besed that ectopse beats rarely constitute a complamt except s these prone
to morbid anxtety
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EVTRASYSTOI LS
The term extrasystole should be reserved for interpolated ectopic
beats (fig 423) These are true extra heart beats and occur when the
impulse from the sinus node immediately after the ectopic beat manages
to excite the ventricles They are usually ventnicular but may be nodal
(fig 420)

Fig 423—Interpolated ventr cular ectopic beats

PARONYSMAL TACHYCARDIA

When ectopic beats occur i rapid and regular succession from the same
focus one may speak of paroxysmal tachycardia The name was introduced
by Bouveretin 1889 The ectopic focus may be supraventricular (auricular
or nodal) or ventricular The electrocardiographic complexes 1n the three
types are precisely the same as those 1n the three types of ectopic beat

The pattent usually complains of attacks of palpitations charactertsed by
the abruptness of their beginning and end by the rapidity and regulanty
of the beats and by the relatne well bemng of the patient (Cotton 1867)
Until an attack 1s witnessed the diagnosis rests upon an accurate histors
Experience shows that most careful cross examination 1s required to
establish the true sequence of events It 1s not enough to determme that
the onset 15 sudden 1t 1s necessary to be sure 1t 15 abrupt that the full
veloaity of the attack 1s reached immediately m the space of one beat that
from no sensation whatever maximum palpitation develops withmn one
second 1o assess the rate and rhythm tt 1s helpful to ask the patient to
represent them by tapping with his finger The manner in which the attack
ends may be more difficult to establish some patients become accustomed
to the palpitations and gradually fail to percerve them others pass from a
true paroxysm to smus tachycardia without appreciating the change and
their description of the end refers to the gradual slowing down of the sinus
rhythm

Attacks may last from a few seconds to several weeks but are usually
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measured in hours and rarely exceed three days The speed ranges between
110 and 250 per minute, but 15 between 140 and 240 1n go per cent of cases,
and between 150 and 200 1n 50 per cent (Campbell 1947) Occasonally
however much faster rates have been recorded For mstance 1n one of
Bouveret s cases the heart rate was 300 per minute If the heart 1s normal
as 1t 15 1n 62 per cent of the supraventricular variety there are usually no
other symptoms apart from those provoked by anxiety, but 1f the attack 13
unduly prolonged of the heart rate exceptionally rapid congestrve fatlure
or angina pectorts may occur If the heart 1s abnormal however asitisin
80 per cent of the ventricular vanety the rapid development of congestrve
heart faillure 1s common With very rapid rates syncope is said to occur
and i 1scha2mic heart disease, status anginosus Phystologically the effects
depend upon the functional capacity of the heart to increase its output with
tachycardia and on sts ability to stand up to the extra work imposed with
minimal rest At any given moment there must be a critical rate aboyve which
the cardiac output falls

SUPRAVENTRICULAR PAROXY SMS

As just indicated both paroxysmal auncular and nodal tachycardia are
most commonly encountered i healthy 1ndiniduals and have little more
significance than ectopic beats or spontaneous fluttering of somatic muscle
They are fifteen times more common than ventricular paroxysms When
attachs occur 1n patrents with heart disease the prognos: 1s not .o good
and depends upon the nature and seventy of the cardiac leston and the
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Fig 4 24—P ! aucicylar tach: d by means of mechohn

speed and duration of the paroxysm Even so the mortality rate 1s only
about 1 per cent
A chimical diagnosis may be accepted if the spontaneous Of induced
beginning or end of an attach 15 proved to be abrupt if the heart rate dunng
a paroxysm exceeds 150 per minute and does not vary with effort change
of posture atropine amvl nitrite carotid sinus (or eyeball) pressure pro
or holin 1f any such sure terminates the paroxysm 1f the
duration of attacks 1s a matter of hours rather than one of minutes days of
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weeks sf the patient s relwnely voung re under go vears of age or was
so when he had his first attack 1f parovysms have continued wath sanable
frequency for more than fine vears and sf there 1s no evidence of orgme
heart disease or thyrotoxicasis lectrocardiograpuc proof however which
may require a record of the begmming or end of an auack should be
obtamned whenever posaible Although onby a rare chance will enable the
onset 1o be repstered the end mas be recorded 1 over half the cases by
means of 3 contintous traceny, while the attack 18 termunated by carctid
sinus pressure or mecholin (fig 4 24) If the attack 13 not terminated such

iy 4 25—~Parovysmat aursculac tachycardsa blocked by earatd sinus compression

measures may yet sene to differentiate paroxysmal tachy cardia from sinus
tuchycardia and from auncular flutter for m paroxysmal tachycardia the
heart rate 15 rarely altered whereas e sinus tachy cardia tas slowed and i
aurtcular flutter 11 1s often abrupsly hatved Qccastonally however carond
smus pressure may black parovysmal aurscular tachycardia (g 4 25}
Evans (1944) first presented evidence based on lead CRr suggestng
that snany cases which would ordinarily be mterpreted 2s 2 1 aurteular
flutter mght really be examples of paroxysmal auncular tachycardsa with
2z 1 AV block and that these two conditions were essentally the same
Certanly paroxysmafl auricular tachycardia may show varying degrees of
AV block (figs 4235 and 4 262 and b) and the auncular waves may be
slowed by means of quimdine (figs 4 272 and b) m thes me uay as Butter
there 15 also no doubt that the same patient may show afl vaneties of
aunicular thythm suggesung that they all depend upon a sumttar mechan
1 and that the occurrence of aurscular ectopres before or after a major
attack (fig 4 28) offers an obvious clue as to therr essentsal nature Indeed
Prsnzmetal (r950) has new provided consincmg evidence not ondy of the
urity of paroxysmal aunicular tachycardia and flutter but also of auncular
cc(o))xc be:xts and auncular M alf four disturt of rhythm
o g upon the p and beh of an ectopic irntable focus
Ne\:nh:kss the c]uuca! differences between paroxysmal tachycardia and
flutter {not to mention aunculsr fibnifation and ectopic beats) are con
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Fig 426 (x) (B)—Two cases of paroxysmal :untulzbr tachycardia showing vanng
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siderable (Campbell 1945) and thewr separate 1dentities should be pre
served Similarly there can be no thought of not mamntaming the separate
1dentities of ventricular ectopics ventricular tachycardia and ventricular
fibuitation yet ali three must depend on a smular physiological mechamsm

PARO\YSMAL NODAL TACHYCARDIA

Nodal paroxysms may be difficult to distmgwsh from auncular tachy
cardia when the rate 1 fast unless the beginnng of an attack can be
recorded (hg 4 20a) At slower rates the electrocardiogram resembles fast

Fig 429 (b} Abnormal nodal type of thythm with a rate of 9o beats per sunute The
pacemaher 18 enther 1 the A § node or in adyacent auncular tissue such as th mouth
of the coronary sinus

nodal rhythm Should an imverted P wave precede QRS however st may
be smpossible to determmne whether the ectopic focus 15 1n the A V node
or n adjacent aunicular tt ue as 1 the slower form known as coronary
sinue rhvthm (fig 4 29b)
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Nodal tachycardia 1s Iy and responds particularly well
to carotid sinus pressure and to chohnerg:c drugs
VFATRICUL 1R PAROYISMS

Paroxysmil ventricular tachy cardia 1s relatively rare 15 usually assouiated
with organic heart disease 1n patients between the ages of 40 and 70 and 15
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F g 4 31—Auncular fiutter v th Jeft bundle branch block

twice as common 1n men as 1n women It tends to arise 1n a badly damaged
heart as in heart failure from hypertension or from aortic valve disease 1t
may follow myocardial infarction or succeed a Stokes Adams fit occasion
ally 1t 1s due to digitalis 1n about 20 per cent of cases 1t 1s innocent
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It has the same clinical features as the supraventricular vanets apart
from the aircumstances i which 1t occurs and 1ts Jack of response to carotd
sinus pressure and to the cholinergic drugs moreover 1t 1s more frequently
followed by congestive heart falure and sometimes by ventnicular fibnlla
tion and sudden death The prognoss 1s correspondimngly grave

Proof of the nature of the attack s ob d by electrocard phy (fig
430) but difficulty may anse when supraventricular paroxysms or auncu
Tar flutter are complhicated by previously established or functional bundie
branch block {fig 4 31)

TREATMENT
Supraventricular paroxysms may be ter d by .ome
trick already known to the patient such as holding the breath, by carotd
.mnus or eyeball pressure in about 50 per cent of cases and by the cholinergic
drugs 1n 75 per cent Devices discovered by the patient include theadoption
of some particular posture drinking cold water forced breathmg or breath
bolding comp aof the abd, and self mduced vomting
The caroud stnus s located at the bifurcation of the common caroud
artery at the level of the superior border of the thyrod cartilage Tt should
be firmly compressed for seyeral seconds aganst the bodies of the cervical
vertebre by means of the observer s thumb first on one side then on the
other but never together Pufateral eyeball compression 1s alo carsied out
with the thumbs should be sufficiently forceful to cause pan and should
be mantained for 3 to 5 seconds
Of the cholimnergic drugs mechohin (acety} beta methylcholine) 1s the
most successful and p g the least unpl m the doses em
ployed doryl (carbo armno acetvicholine) 1s less effective, and acety!
choline stself too drastic besides being techmcally difficult owing to uts
rapid destruction in the bloodstream Mecholin should be given mtra
muscularly or subcutancausly m a dose of 10 to 20 mg and may be
expected to work m about five minutes prostr may be
mtravenously or mmtramuscularly m 2 doseof 1t0 2 mg and has tts mav
mum effect sn about half an hour Sude effects include urgent mictunton
and defecation colic vominng sweating Hushuing and famtness but these
are absent or shight with 1 to 1 5 mg of prostigmne and rarely severe with
10mg of mecholin Should they prove too unpleasant and the object of the
drug has not been achieved they may be abolished at once by myecting
1 to 2 mgg of atropme sulphate intravenousty but this 1s obviously not
advised unless absolutely necessary
Should the cholmergie drugs f:ul to restore narmal rhythm quinidine
or even digitabis may be ful In cases of lar tachy
cardha digrtalis may be used to mamtan 2 1 or a greater degree of A V
block 10 order to protect the ventricles Bromide and phenobarbstone help
1o allay anxiety and congestive heart fatlure 1f 1t occurs should be treated
by the usual methods

3 1
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\entricular paroxysms do not respond to the above measures but may
often be terminated by mjecting 20 m! of a 20 per cent solution of mag
neswm sulphate intravenously (Szehely 1946) or by quimdine § grams
(032G ) intravenously or 1n oral doses of § gramns (0 32 G ) two hourly to
amaumum of 40 grans (2 6 G }none day followed by 10 grans (0 65 G )
two hourly for four doses on the second day 1f the first attempt fails and
then by 15 grans (1 G ) two hourly for three doses on the thid dav 1f
necessary Intravenous procamne in doses of 5 to 1o ml of a 1 to 2 per
cent solution may also be tried

To prevent both types of attack quimidine 3 to § grams (0 2t0 032 G )
tds may be d indefinstely 1f well tol d

PAROXYSMAL TACHY CARDIA ASSOCIATED WITH
PRE EXCITATION

The condition first described as physiolegical bundle branch black with
short P R interval (Wolff Parkinson and White 1930) 15 probably due to
premature excitation of one or other ventricle usually the nght resulting
from an anomalous connexton between the A V node or right auricle and
the night ventnicle (Holzman and Scherf 1932) Electrocardiography shows

Fig 4 32 (M) —Altern ting pre vctatos
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widening of the QRS complex as i bundle branch block but at the
expense of the I’ R intersal which 1s shortened proportionally the P S
mterval as measured from the beginning of P to the end of the QRS com
plex remamning unchanged (fig 4 32a) The appearances usually resemble
left rather than right bundle branch block The anomalous pathway may
be through the bundle of kent (\Vood Wolferth and Geckeler 1943 hent
1914) or through abnormal conducting fibres ansing from the upper pant
of the bundle of His (Wolferth and Wood 1933) such as those described
by Mahaim (1931) fhe passige of the excitatory impulse down such an
alternatne pathway mught well account for premature right sentricular
stimulation  Experimental short circunts of the kind envisaged were devised
by Butterworth and Poindexter (1942) the classical appearances of the
Wolff Parkinson White syndrome resulted

‘The condition 1s congenttal occurs n both sexes equally and 1s often
unstable as shown by serial electrocardiograms indeed normal and abnor
mal complexes may alternate (fig 4 32b) On the whole normal conduction
1s encouraged by atropine abnormal conduction by cholmergic actinity
(Duthie 1946) The heart 1s otherwise normal in at least 7o per cent of
cises and heart disease when present 1s probably comcidental Pre excita
tionis clinscally and academically important en account of its association with
paroxysmal tachycardia and 1s easily overlooked because casual electro
cardiograms may be normal Paroxysmal tachycardia oceurs 1 go to 60
Pper cent of cases (Wallus and Carryer 1946) and 1s often closely related to
effort Llectrocardiograms obtained during attachs suggest that their mech
anism may depend upon a ctreus movement the smpulse travelling down
the bundle of His and back through the short circunt (fig 4 33a) or down
the short circutt and back through the bundle of His (fig 4 ,3b) the
former bemng more common Both types of parovysm may occur m the
same patient as 1n the illustrations In this particular case the second type
of paroxysm was provohed by mecholin and before normal rhythm was
resumed there was a period of transition 1n which abnormal P waves
appeared immediately after certam QRS compleves {fig 4 33¢) causing a
single premature ventricular beat and suggesting circus movement due to
retrograde conduction through the bundle of kent or stmilar structure
imtsal exertation having passed through the bundle of His Simular P waves
may be seen i the upper half of figure 4 33b but these fal to excite the
ventricles Occastonally attacks resemble auricular flutter or fibnllation
and the ventricular rate may be exceptionally fast A case described by
Littmann and Tarnower (1946) had an 1rregular ventnicular rate of 340 per
minute

AURICULAR FLUTTLR

Phystology  Auncular flutter in man was so named by Jolly and Ritchie
(1910) after ob the first el diographic records of the con
ditton and was attributed to 4 circus movement by Lewis (1918-.0) The
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excitatory inpulse was behieved to travel round a ning of auncular tissue,
such as the mouths of the vene cave as proved possible by the physio
togical researches of Mines (1913) Rosenblueth and Ramo (1947) appar
ently confirm Lewss wiess Using a high speed cinematograph technique
however Prinzmetal {19,0) has disproved thus thests and has shown that
auricular flutter and fibnillation fike auricular ectopc beats and paroxysmal
auncular tachycardia depend upon the presence and behaviour of an
intable focus in aurkular muscle The speed of the auricular beats
ranges between 260 and 340 per mnute and its rhythm s regular As the
A’V node can rarely transmst ampulses faster than 210 to 220 per minute,
physiological heart block results the ventricles usually responding to every
<econd smpulse If the aunicular vate ss dlower however and approaches
200 per mmute i 1t may under the mfuence of quinidine the ventriles
may be able to keep pace {Lewss 1925} It vagal tone 15 mereased as by
caroud smus pressure a greater degree of physiological block results and
an A Vrano of 4 1 or so may be established Sometimes the ventricular
TESPOnse 18 mfegular

Climeal features wnadence and etiology Chimically futter should be
suspected 1n any patient presenting a regular heart rate of 120 to 170 per
minute fl d by effort or change of posture whether
there are other indications of heart disease or ot The first heart sound
often vanes 1n mtensity ding to the time rel hip between auricular
and ventriwudar contractions (Harvey and Levine 1948)

Flutter 1s a relattsely uncommon but capnicions rhythm and mav oweut
when least expected It s twice as common n men as m women and 1S
incidence mereases with age being rare under 30 and most frequent (88
per cent) between the ages of 40 and 70 It1s very rire 1n otherwise nosmal
mdividuals it may « } such diverse cond as priess
monia cholecystiis or carcinoma of the colon In go per cent of cases
however 1t 1s associated with organic heart disease espectally rheunate
hvpertensise 1schemic or pulmonary and mav then precipitate or com
phieate cangestise heart fadure According to Campbell (1047) angna
pectonss develops in 25 per cent of paroxysms Attachs are commonrly
transient and have the same abrupt onset as paroxvsmal tachvcardia but
they tend to last langer, being measured 1n weeks rather than hours snd
may occastonally perstst far years Lewis (1937) described a case in a parson
wiich had continued for 24 years

Dragnosis 1s facshtated by caroud sinus pressure, which often causes
abrupt temparary sloving of the ventncular rate as described pres sousty
whereos 1n stnus tachy eardia stowing 15 commonly shght and in parox smal
tachyvcardia 1t 1s usually ahsent unless the attack is termunated [ lectro
cardiography 15 advised 1n all suspected cases however and reseals a con-
tinuous series of raprd regular auncular { waves {fig 4 343) without
interening 1so potential penods When there 1s 2 1 black, one f wase
1s more or fess obscuted by the QhS complex <o that the nature of the
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tachvcardia may remain uncertain {fig 4 34b) Caroted stnus pressure ards
analysis by mncreasing the degree of block and so unmasking such fudden
£ waves (fig 4 34¢)

Treatment The patient should be put to bed and treated with adequate
doses of digitabis beginning with g grams (06 G ) of the povdered lexf
followed by 6 gramns (0 4 G ) and then by 3 grans (02 G ) at «x houtly
intenals and conmnng with 2 grams (013 G ) tds unnl sertal electro
cardiograms show that aunicular fibnilanon has been established The drug

—t

[ e

Fig 4 35—Aurtcular flutrer weated with digitalis. Aurscular fibrillation 1s mduced #7 f
on withholdsnyt the drug normal thythm 1s resumed

1 then withheld 1n the hope that normal rhythm may be resumed spor
taneously (fiy, 4 35) Llectrocardiographc control 1s necessary because the
stow uregular sentricular response which results from such doses of digt
tahis 15 no proof of auncular fibnll under the Adequate
supervision 1s tmportant owing to the heavy dose of digitalis usually
required to nduce fibnllation and 1f toxic symptoms appear dangerous
before this result 1s aclueved the attempt may have to be abandoned The
effect of digtalis 15 twofold as already mdicated 1t encourages the intable
focus to assume the properties associated with auncular fibnllanon and
by depressing conduction m the bundle of His st slows the ventrcular
rate It was hitherto beheved that normal rhythm was resumed when the
cireus mosement was broken by the head of the wave meetng a refractory
tarl (Lewss 192,) for circus mosement could not oceur unless there was
a gap of responsine tissue just ahead of the wave Digitahis exther durtg
sts admimustration or when 1t was suspended was thought to close the £3p
by having 2n unequal and favourable effect on conducton and on the
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refractory peniod  Obvioushy f conducuen were quichincd and the
refractory period prolonged sn auncular tissue the iy pothetwal f3p wouhd
cose Naturally no drug has thus effcct those quichening sonduct n ab
shortening the refractory penod (ke the cholimergie bodies) and o
tersa {ike quiiding) The action of digitalis 15 compheated by 1 ch hin
argiceffect the { waves are never retarded but they man be avcdderate d
especiatly 1 those cases which are made to fibnillate {(Wedd s59z4)

Quinicine should not be g en alone to cases of utter i the first matanc
for by depressing the intable focus and slowing the auncular rate it may
alfow the ventneles to heep pace rapid tachycardia resulteng When aun
cular fibrillation has been established however the resumpion of normal
shvthm sy be encouraged by qusnsdine s doses of 5 10 10 grans (0 3+
100 6,G )ino hourh 102 mavimum of 4o to 4y grams{z 5to 3 G Jnone
day or st may be given to ressstant cases of flutter so long as the sentricular
response 15 blocked by digitalis

1f fiutter continues desprte all efforts to break 1t the pauent should be
kept on a mamtenance dose of digstalis sufficient to contral the ventncular
rate but the result 13 rareh satisfactony for short of digitals intoucation
tachycardia due to 2 1 ventneular sespon<e 15 apt to develop on little
prosocation

In all cases attention should be pud to any assoctated disease cardiac or
atherwise and to combating congestive heart farfure

AURICUT AR FIBRILLATION

Plysiolagy  According to Prinzmetal (19,0} two types of auncular
contractions may be scen by means of 3 high speed cinematograph

P it % bl (1) mumute wregular contractions
which he has cafled M contractions mvolung a small area of auncular
wall (o o3x3mm) and (2} large rhythme wave bhe contractions (L
contractions) which sweep across the auncle 400 1o 600 times per runute
without pursuing a carcus pathway  Blocking a hypothenieal arcunt round
the mouths of the venze casx had no effect on these naves Drrect auncular
Teads recorded by means of a cathode ray oscillograph shawed very small
1 waves at 10 000 to 40 000 per munute and large f waves corresponding
to the L contractions The M wases did not occur mn fuster Lewiss
theory of cireus mosement appears to be untenable

At speeds of 320 10 380 electrocardiograms from chest leads placed
over the npht auncle show  f wanes which at times are regular and even
as m flutter and which ar other trmes are wregular and uneven as
fibrillation (fig 4 36) At faster rates the f waves are always rregular
1 ume and shape and the ventricular response 13 commonly rapsd and
chaotic varymg between 100 and 200 per munute (fg 4 37) Somectimes
and of course i treated cases when there 1s partal auriculo-ventucular
block the ventricular rate 1s relatively slow O tly there s d

3




Fig 4 36—Lead CR1 showing coarse aunicular fibrillation or impure flutter

Fig 4 37—Aurncular fibnillation

g 4 38—Aurncular fibtillation with complete A V dissociation duc to digital s
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heart bloch usually 1n cases treated with digatahs over a long period of
tme and the ventnicular rate 1s not only slow but regular (fig 4 38)

Ftiology Auncular fibnll 1s ch 16 d with mutral
stenosts and towuc nedular goitre and 1s usually permanent with the former
and paroxysmal with the latter It 1s not uncommon however 1n the later
stages of hypertensive and schemic heart disease On the other hand 1t1s
rare 1n congenital heart disease 1n bactenal endocarditis (2 per cent) mn
any form of active cardius in young people tn aortic valve disease (unless
there 15 stenosis of the coronary ostia) 1n pulmonary heart disease mn the
high output group (apart from thryotovicosts) and i pencarditis (although
1t occurs In 33 per cent of cases of Pick's disease) Like flutter more
over auricular fibrillation may oceur in patients with no other evidence of
heart disease 1t may complicate head injuries memngitis pneumonta and
other infections in rare instances and 1t may even be found 1n apparently
healthy persons The most important single factor determining the inct
dence of auricular fibrillatton tn those diseases that favour its occurrence
13 the advaneing age of the patient

Chnical features Symptoms may be absent or negligible or the patient
miy complain of palpitations If the ventricular rate is very rapid syncope
Or angina pectonis may result as with flutter and paroxysmal tachycardia
The mechanical mefficiency and nutrittonal hazards resulting from the
rapid irregulanty of the heart beat often lead to congestive falure when
there 15 underlying heart disease on the other hand auncular fibnllation
may be precipitated by congestive fatlure from other causes

Dragnosts The chinical diagnosts rests upon the recognition of 2 chaotic
cardiac thythm 1¢ one without any semblance of order and must be dis
tinguished from sinus arrhythmia from ectoptc beats and from auricular
flutter Smus arrhythmua should be recognised by 1ts relation to respiration
and ectopic beats by thep p of some fund lorder but multipl
auricular ectopic beats especially when assoctated with sinus arrhythmua
and aunicular flutter with an irregular ventricular response may be most

confusing Electrocardiography 1s therefore advised n all suspected
Cases

Treatment All cases m which the ventricular rate 15 accelerated should
be treated wath digitahs When there 1s no urgency 2 simple and safe
method 15 to gve powdered digitalis leaf 3 grans (02 G )t d's on the first
day 2 grans (o 13G)tds onthesecond and 1 gram (65 mg)tds there
after until the ventricular rate 1s controlled Subsequently 2 maintenance
dose of 1 grain (65 mg ) b1 d 1s usually sufficient When a quicher effect 15
desired the method described for cases of auricular flutter 1s advised In
urgent cases with very raptd ventricular rates and severe congestrve heart
falure digowin by the mtravenous route may be preferable but 15 not
without danger and should never be given n full doses to any patient who
may have had digitalis within the previous six weehs or who still shows a
digitalis effect 1n the electrocardiogram The 1nitial maxsmum dose 1s 1 5



148 DISEASES OF THE HEART AND CIRCULATION

mg and this may be followed by 0 5 mg  and then by 0 25 mg , at intervals
of not Jess than two hours and not more than six hours In favourable e
cumstances the ventricular rate may be controfled withn half an hour an
aral matntenance dose should then replace the later mtravenous doses just
recommended Strophanthin may be used mnstead of digoxm as Quabamnt
1t may be gnen in an snitial dose of 1o mg mtravenously followed by
o5mg andthenby o 25mg six hourly until the destred effect 1s obtained
As strophanthun 1s alt excreted within forty etght hours it 1s preferable to
digoun when a eumulatis e effect 13 not desired

Other preparations of ditalis may be gnen by mouth the dose being
calculated according to the following table of equualent strengths

Powdered digatahs leaf 1 gramn {63 mg )
Tincture of digitalis 10 munims (0 6 i }
Dugoxn o25mg

Drigrtaxin (Natnelle s Digualine) ooy75 mg

The practitioner 1s aduised to become thosoughly famuhar with a few
rehable preparations Digown and digitoxin have the advantage of bemg
pure crystallowds of fived potency Digoxin appears to be excreted mose
quickly than digitoan The tincture loses strength with the paseage of time
and when mwed with other drugs and 1s therefore least reliable The pow
dered leaf has been the standard preparation tn this country for rany years
but ts beng gradually displaced by digown A pomt of importance when
calculating equn alent doses of diffs preg 1s that the m
single dose of the more rapidly evcreted drugs such as strophanthm and
digoun 1s smaller than would be assessed by the tzble of equnalent
strengths thus 1t 1s safe to gie an average adult ¢ graws (0 6 G ) of the
pondered leaf as a massive single dose and to follow 1t at stv hourly
mienals by 6grams (04 G ) and then by 3 graws {0 2 G ) butstisnot saf¢
to give 2 25 my of digoun fallowed by 1 5 mg and then by ¢ 75 mg
although 1ts mawntenance dose 13 0 25 mg twice daly Masswe oral doscs
of digoin should not exceed 1 5mg xmg and o5 mg at $Ix hourly
wtenvals

Touc symptoms include anoresa nausea somiting diarrhoea ectopi®
beats nodal rhythm heart block paroxysmal tachycardia and sudden
death from ventricular fibnillation Nausea and coupling due to ectoptc
beats are the best mdications that the accumulated dose of digitahis 8
approachung dangerous concentration Unfortunately the nworse the heart
the closer the therapeutic dose hecomes ta the toxic the margm 1s ReVeT
great The vagal effects may be relieved by atroptne

The correct mawtenance dose must be worked out for each mdirdual
recening the drug butstaverageso smg of digoun dmly ranging betweent
o025 and a 75 mg

Attempts to sestorc normal rhythm with qumdine shoutd be made i all
cases in which there 15 no evidence of mtrinsic heart disease and especially
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1n cases of successfully treated thyrotoxicosts al o perhaps when auncular
fibnllation is thought to have occurred prematurely or unexpectedly having
been precipitated by some passing infection such as tonstthnis or pneu
monia or by some ather factor which either no longer operates such as
pregnancy or which s 1tself controllable such as dental sepsis When
fibnllation develops 1n the natural course of heart discase however ¢ g
rutral stenosis or hypertensive heart disease attempts to restore normal
thythm end m immediate or remote fature and should therefore be
avorded as the procedure 1s not without nisk

———— s e - o~
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Fig 4 30—Auricutar fibrillation treated with quinidine The f waves slow do \n from 375
o 230 per m nute before narmal thythm 1s restored

Quintdine should be given by mouth 1n doses of § grams (032 G ) two
hourly on the first day followed by 10 grains {0 65 G) two hourly on the
second and by 15 grams (1 G ) two hourly on the third to a maximum
of 40 10 45 grains (26t029G) per day the course being terminated 1m
meduately the rhythm returns to normal A matenance dose of 5 grams
(032G ) tds 15 continued for a month m successful cases

Quinidine depresses the activity of the wntable focus retarding 1ts
penodiaty and often abolishing 1t altogether (about 5o per cent of cases)
Asthe f waves slow down (fig 4139) they may assume the regulanty
of flutter and 1f their speed approaches 200 per minute there 13 danger

ofar 1y 1 P Tachycatdia so prosoked by quimdine
may be prevented by preliminary digitahs therapy and 2 mamtenance dose
of digitalis 15 advised throughout the quinidine eourse The th 1 con

stderation that digitalis and quinidine have partly opposmg actions does
not preyjudice succes ful practical results

Other complications of qumedine therapy include hypersensiivity and
embolism Hypersensitivity may result in generalised wdema urticana
purpura fever vomiting and collapse afthough such symptoms are rare
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1t 15 cLstomary to give an mutial tnial dose of 3 grains (0 2 G} Important
systemic emboli occur m about 5 per cent of all cases i which normal
rhythm 15 restored and are due to the expulsion of left auncular thrombt
The risk 1s more or less proportional to the length of the period of fibrilla

tion and 1s greatly increased by congestive heart falure Intracardisc
thromb1 are rare 1n thyrotovic heart disease even under the most un

favourable ciTcumstances owing to the rapid cireulation associated withat
Pulmonary embol: also occur but rarely prove troublesome

VENTRICULAR FIBRILLATION
Faradic stmulation of the ventricles inmvanably induces inco ordinated
fibnllation of the muscle which usually persists after cessation of the
exciting cause The heart muscle 1s unable to expel 1ts contents and syncope

Fig 4 40—\ entncular fibrillation causing sudden death 1n a case of 1schaemc heart diseast

occurs abruptly Spontancous recovery may occur especially 1n young
healthy animals but sudden death 13 the rule When the heart 1s unduly
exatable as 1n asphywia digital pressure or gently scratching the surface
of the ventricle with a pin may be suffictent to induce ventricular fibrillatton
(Mac\Willram 1887) Certain drugs may initiate the phenomenon notably
adrenaline ¢chloroform and digitalis Coronary occluston 1s also known to
be an exarting cause

Clinieally “entncular fibnllation is often responsible for sudden death
especnlly n 1schzmic heart disease (fig 4 40) aortic stenosis syphilitic
sortic sncompetence diphthentic carditis and complete heart bloch It also
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explains sudden death following intravenous mjections of digitalis mer
cunal diurectics adrenahine and other drugs

Treatment 1s of hittle avail The intracardiac injection of quimidine sul
phate 3to sgrans{02too 32 G) orof 5to 1om! of 1 to 2 per cent pro
caine may be tried if circumstances are favourable Quinidine may also be
used as a prophylactic agent when the nisk of ventricular fibrillation 1s
great eg following coronary thrombosts or tn status anginosus
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CHAPTER V

HEART FAILURE

fails to discharge its contents adequately (Lewss 1933) The words

may be applied logically to the heart as a whole or to one or other
ventricle The adjective congestive 1s often added and has come to mean
heart failure with systemic congestion 1e with elevation of the systemic
venous pressure and engorgement of the liver, with or without dropsy
Rught ventricular failure has a simtlar meaning but implies also that the
left ventricle 1s relatively healthy Left ventricular failure 1s charactensed
by congestion of the lungs only

I l EART failure has been defined as a condition 1n which the heart

MECHANISM

The mechanism and even the defimtion of heart falure have been
debated for over a century and are still a source of controversy The back
pressure theory so well expressed by James Hope 1n 1832 which mcor
porates the 1dea of independent ventricular failure mamtams that when 3
ventricle fails to discharge 1ts dequately blood lates be
hind 1t and the pressure rises 1n the respective auricle and venous system
After holding sway for nearly a century this conception was replaced by
the forward failure hy pothes:s of Machenzie (1913) who believed that con
gestton depended upon failure of sufficient propulsion from behind and
who 1nsisted that the heart faled as 2 whole Before the second world war
opinton reverted sharply to Hope s view the arguments in 1ts favour being
well marshalted by Harnson (1935) and by Fishberg (1939) but the newer
methods of investigation which provided much of the data upon whch
these arguments were based were crude and subsequent technical refine
ments have disproved many of them The modern atutude has been shaped
largely by the work of Cournand 1n the US A and of McMichael and
Sharpey Schafer in England

By means of intracardiac cathetenisation these mvestigators have pro
vided reliable data concerning the cardiac output and the pressures 1n the
nghtside of the heart and McMichael and Sharpey Schafer have developed
a theory of congestive farlure which 1s 1 accordance with Starling s Law
of the heart (McMichael 1947) According to this law (Starling 191%) the
cardiac output 15 proportional to the venous filling pressure (right aunicular
pressure minus the negative intrathoracic pressure) until a critscal Jesel ts
reached after which any further nse of venous pressure results in over
loading and a fall 1n output (fig 5 o1} It 1s known that in patients sith
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serere anemz 2 ratsed venous pressure is primanly a physiologial adjust
ment which serves to mamtan a hugh cardiac output and that artihenl
alterations of the venous pressure results 1 changes of cardiac output in
harmony with Starling s Law {Sharpey Schafer 5944} Should a further
nise of venous pressure result in a fower cardiac output the heart 1s sad to
be everloaded
MeMichael and Sharpey-Schafer {1944) after malung further obsena

tions on the relationship between the right aurcular pressure and the
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cardiac output m health and discase put forward the hy pothesis that
elesation of the venaus pressure 15 primary m all forms of congestne heart
falure and may be regarded as a p y h igned o
increase the cardiac output For a time and particulatly in certamn hyper
kinetie arculatory states (¢ g anamia arteno \enous aneurysm) o which
the carduac output 15 high the mechanism 15 successful but sooner or later
“erloading occurs According to this hypoth g heart Faifure
mught be defined as 4 state tn which the heart can only mamtam the
Tequsite output by means of abnormal elevation of the venous pressure
©or as a state m which such elevation of the venous pressure has already
resulted m overloading The second clause defines 2 more advanced con
dition than does the first and 1t maay well be objected that the first daes not
m fact define congestnve fasture at all but a compensated state which has
no nght to the title Congestive heart falure 1 2 chuneal svndrome charac
tensed by elevanon of the venous pressure and distension of the fiver with
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or without dependent cedema the result of some cardiac fault If these
festations can be d rated when the heart 1s not yet overloaded
the defiitton must be allowed
The climcal facts are these In anmmua arterio venous aneurysm and
extenstve active Paget s disease of bone elevation of the venous pressure
without d rable d of the liver 1s 1 d witha
hugh cardiac output If the venous pressure 1s rased further the output
usually mses 1f 1t 18 reduced the output usually falls Such behaviour ha>
been labelled high output failure  and 1s covered by the first of the two
definttions given above Cervical venous pulsation 1s rarely visible above
clavicular level when the patient reclines at an angle of 45 degrees m other
words 1t 1s rarely more than 3 or 4 cm above the sternal angle 1n this
position When the venous pressure 1s raised more conspicuously the Iner
becomes palpable and the heart 15 probably overloaded In thyrotoxicosts
high cardiac outputs are mamntained chiefly by means of tachycardia Clint
cal elesation of the jugular venous pressure ts as ociated with hepatic
enlargement and 1s only seen when the heart 1s overloaded The carduc
output 1s then usually low In pulmonary heart disease secondary to
emphysema elevation of the venous pressure 1s commonly assocrated with
hepatic engorgement and with a moderate increase 1n cardiac output The
latter usually falls when the venous pressure 1s further rased but it al 0
falls when the venous pressure 1s lowered In most other forms of heart
disease elevation of the venous pressure 1s assocrated with hepatic engorge
ment and with a low cardrac output further elevation of the venous pressure
results 1n further reduction of the cardiac output
Chrcians are therefore Iikely to favour the view that congestne heatt
failure 15 a state m which the heart 1s overloaded 1¢ astate in which further
elevation of the venous pressure causes a reductton 1n cardac output The
best clinical indication of this may be demonstrable distension of the Iiver
Whatever the final verdict on this vexed question 1t 1s certainly true to s3)
that 1n congestive heart failure the venous pressure rises primarily behind
the chamber chiefly involved 1¢ m the left auncle and pulmonary veins 10
mutral stenosis and left ventricular failure 1n the night auricle and systemi¢
vemns n triicuspid valve disease and night ventncular fmlure Moreover m
mutral stenosts and left ventricular failure secondary elevation of the
systemic venous pressure 1s the rule sooner or later whether this be
regarded as evidence of right ventricular falure or otherwise

CAUSES OF HLART FAILURE
The heart may fail because 1t 1s overburdened by a raised ventricular
pressure or by a raised cardiac output or because the health of the my0
cardium 1s impaired by madequate or faulty nutrition metabolic disorder
intovication or ntrinsic disease High outputs are tolerated better than
hrgh pressures but myocardial 1ll health 1s probably even more important
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Contributon factors include physical effort obessts anicty mentsf stress
disturbances of rate or rhethm anfection fever extremes of temper sturc
and pregnancy but all these are better expressed m more fundamental
terms for example infection may increase the cardiac output nd smpair
the health of the myocardium anviety and cold may rame the tlood
pressure and sa forth

Viewing the subgect 1n this way 1t should be clear that a high cardisc
output 1s no more wcompatihle with heart fmdure than is hy pertension that
a heart capable of pumping ten litees of blood per minute 55 niot ntctstans
better than one capable of mantaiing a dustolec blood pressure of 140
min of Hig Fach ts a measure of part of the total cardnae work performed
aather alone 1s a sufficent measure of carduac efficiency  although their
behaviour under cestasn expertmental condinons may be Voreover the
signs and symptams of heart farlure are largely due to alterations of pressure
and volume tn the pulmonary ar systerme venous systems  In left ventricu
far farture for example the redistnbution of volume 15 the result of a short
Ined discrepancy between left and nght ventncular outputs Mthough the
balance must be restored quickly the consequences cannot be reetified
uniil the process ss reversed It should agamn be elear that such disturbances
cannot be detected by casual estimations of the right ventrcular output

LEFT VENTRICULAR FAILURE
When the left ventricle fails to discharge sts contents adequately blood
accumulates in the pulmonary cirenlation and the pressure rises m the left
aurscle and pulmonary vewns

ETIOLOGY

Left ventricular fasure may result from any disease which tmposes an
undue burden on the left ventncle or which mterferes with ats bealth
These diseases include systemic hypertension from any cause sostic vabe
diseasc and myacardial infarction In systemic hypertension the left ven
tricle may fail either becanse 1t 15 unable to meet the stress smposed upon
1t or because 1t 13 enlarged so greatly that st cannot obtamn sufficeent
nourtshment As the nutrstsonal demands of an mdividual muscle fibre
depend upon 1ts cubic volume and the nutntional supply 1s humted by 11s
surface zrea there 1s an increastng discrepancy between the two as the
muscle enlarges which sooner or later becomes critical {Gross and Spark
1937) Inacute nephntss and malignant hypertension a rapid rise of blood
pressure may cause left ventricular failure before thete has been appreciable
hypertrophy of muscle on the other hand in long standing cases of essen
tial hypertension with gross enlargement of the left ventracle fature may
oceur even though the blood pressure has fallen to within normal hemts
fature then being attributed to nutnitional breakdown  In sortic valve
disease 1n addition to these ino factors there may be further nterference
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with nutrition as a result of poor coronary filling due to 2 low mean bloed
pressute tn aortic stenosis and to obstruction of the mouths of the coronary
vessels 1n syphiliic aorne mcompetence The cause of fature 1 uncom
plicated schte beart discase with myocardial wnfarction 15 due entirely
to interference with v entricular nuteition resulting from coronary occlusion

CLINICAL FTATURES

The symptoms of left ventricular fatture are undue breathlessness on
effort orthopnwea, paroxysmal cardac dyspneea and acute pulmonan

adema The findings mclude bilateral basal pub y rales d hed
sital capacity and tung volume, grcal evid of pul y con
gestion and hydrothorax and prol of the put v careub

time "The diagnosts 15 supported by gallop shythm pulsus alternans and
Cheyne Stokes breathing and 1s confirmed by the demonstration of 2 sutt
able cardiovascular disease e g systemic hypertension aortic vahe disease,
or myocardsal intarction

Undue breathl ant effort Breathl on effort 13 phystologieal
When a pattent complans of breathlessness he means that he 1s winded by
physical work that did not distress him previously the symptom, per s¢
daes not of course necessanly indicate heart disease other common
causes including psychoneurosts abesity chrone bronchius asthma e
physema and aneoua Breathiessness due to left ventricular fature depends
upon pulmonary congestion, which both reduces the vital capaaty and
reflexty strmulates resprration

Orthopnaa, paroxysmal cardiac dyspnaca and pulmonary, eedema As these
three condstrons depend on vartauens of the same fundamental mechantsm,
they are considered together When a patient adopts the upnight or sitting
postuon 1 order to breathe comfortably he may be said to have orthopnea
Although an almost constant sign of left ventricular fardure, 1t 15 by n0
means pathognomonic for it may be found 1 severe mitral stenoss
bronchial asthma and i pencardial effusion The vital capaeity 15 reduced
n aHf these conditions and 1s greater mn the upright than 1n the horzontal
postion but sts relanonship to orthopneea ts net necessardy direct More
ouer s werease in the erect posttion 1s greater than can be explamed by
descent of the diaphragm The discrepancy 15 due 1o concomitant changes
m the pulmonary Greulation, the amount of blood m the lungs beng
greater pechaps by as much as 500 ml  tn the horrzontal than in the erect
posittan (McMichael 193g) The redistribution of blood d pends upon the
geographical relationship of the auricles to thesr respecting venous systems
As the night auricle ss nearer the head than the feet the pressure within it
nses when the body 1s tifted head up owing to the mfluence of gravsty The
night ventnicle responds according to Starhing s Law and pumps more
blood nto the lungs in the horizantal than m the vertical posiion The
pressure withuin the left auricle however which 1s situated more or less 10
the centre of the lungs 1s not directly snfluenced by gravity and the left
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spraton rate and cardi ¢ output n an attack of paroxy mal cards ¢
The effect of aminophyliine 1 shown at th

Fig 5 02—Graph llustrating typic 1 changes n blood pre ure rght auncular pressure
dyspacea mit t d m a patient with left v nt cul rfaifu by ra g the foot of the bed

pulse rate re:
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ventricular output does not therefore, immediately keep pace with that of
the nght Only when the left aurcular pressure nises proportionately
owing to an inereased volume of blood m the pulmonary venous system,
will the balance be restored As patients with left ventricular farlure already
have pulmonary congestion the extra engorgement which results from
adopting the horizontal posttton may prove critrcal and may excite respira
tory reflexes which provohe dsspneea
Paroxysmal cardiac dy spneea usually occurs at mght The patient awakes
with a feeling of suffacation and sits bolt upnght gasping for breath, he
may chmb out of bed and open a windov  or walk about 1n an agitated way
In cases of sumple orthopncea this behaviour brings immedtate rehef butin
paroxysmal cardiac dyspneea the teeling of suffocation imncreases and the
struggle for breath lasts for ten to twenty minutes Conghing and wheezing
are comemonly assoctated (cardiac asthma) and the pattent may complon
of palpitations faintness, or substernal tightness The shin s pale
cyanosed and cold 1nth g profound v. riction and sweatng M3y
be profuse The blood pressure and venous pressure are both raed
Attacks usually subside spontaneously but may be repeated sughtly or at
itervals of days orweeks Inmore severe cases pulmonary cedema develops
Widespread crepitations may be heard over the lungs and quantittes of
frothy pink ar white watery flutd ace expectorated
Such attacks may sometsmes be prosoked by effort or by a rigor They
are easily induced experimentally in susceptible subgects by rasing erher
the venous pressure or the bloed pressure by aruficsal means (g §92)
The mechanism probably depends upon acute discrepancy between night
and left sentricular outputs s that both the pressure and tolume of blood
1 the pulmonary curcutation reach entical lesels Measurements of pressure
changes by means of an indwelling cardiac catheter 1n spontaneous o
turnal attacks indicate that the venous pressuse may 1se hefore the blood
pressure When attacks are induced by rarsing the venous pressure the
carduac output may r.e Thus although the heart 13 said to be faling 1
13y m fact be performing more work than usual both with respect ¢
blood pressure and output The laboured breathing may be due m part
to the evtra effort requwed to mflate and deflate 2 turgid lung the
leural howing greatly il (Heyeretals

1948)

Spontaneous termimation of the attack may be due to reductron of nght
aurscular pressure by adoption of the upri bt posture or possibly to 0ver
loading of the weaker nght ventricle so that the left has a chance to recover
and restore the status guo The difference between paroxysmal cardrad
dvspntra and acute pulmonary cedema is chiefly one of degree transudatioft
of flurd from the capillaries tnto the alseolar spaces ocourring when the
ntrasascular hydrostatic pressure is sufficiently high or when other factors
influence the furd balance m favour of the tissucs

Bilateral basal pulmonary rales and hydrothoray Basal riles dimmshed
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air entry into the lower lobes and some impairment of the Pem““m“l“‘"s
at the bases are usual 1n left ventnicular failure Bedford and Lovibon:
{1941) found that hydrothorax was a common complication (;f P“ll";“i":]‘
congestion from left ventricular failure and that although often bilate !
tended to be more marked on the left side Its occurrence mav depen
upon the fact that the visceral pleura 15 draned by the pulmonary rather
than by the bronchial veins (Miller 1937) .

Reduction of the vital capactty and luing volume The wital c.:pnmld\ >
reduced by an amount equnalent to the extra quantity of blood distending
the pulmonary airculation U
1t 1s reduced much more if N
there 1s pulmonary @dema
or a large hydrothorax as
well and by a further few
hundred ml according to
the degree of cardiac enlarge
ment Readings of 1000 to
I 500 ml are common and
may be as low as yoo0 ml
when there 15 pulmonary
edema or hydrothorax

The lung volume 1s re
duced proportionately the
residual air remaining un
changed This at once
distinguishes the condition
from emphysema 1 which
a low wital capacity 1s
associated with a normal

lung svolume and increased
restdual air

o03—Pulmona y_congestion 1n left ven
ticulde alure (case of syph 1 tie gort & sncom
Raduological signs of pul " el
monary congestion Although
the rales revealed by ltation are most pr d at the most de

Pendent parts of the lung the ncreased opacity seen m skiagrams 1s hilar
and 13 due to engorgement of the pulmonary vessels {hg 503) Dumrli
attacks of acute pulmonary edema a fleecy mottling spreads out fn;n:l !b
bilum on both sides (fig 504) Hydrothorax may also be reveale O)f
N rays perhaps when unsuspected clinically Confirmatory evidence 4
feft ventricular failure may be obtamed by noting the stze and shape of
the heart shadow
Prolongation of the pulmonary circulation time The normal arm to tongut:
cireulation time as measured by decholin or saccharin (page 13) a‘l\emgb
13 5 seconds but ranges between g and 18 seconds As the time tahen by
\ the substance to travel from the left ventricle to the tongue mav be neg
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lected and as the journey from the antecubital ven to the nght aundde
takes only two or three seconds (Blumgart and Wesss 19.7) the total arm
to tongue time 1s governed chiefly by passage through the lungs Vsing
radium C intravenously, which can be detected at any gnen point in the
carcufation by means of a special radio sensitiv¢ instrument Blumgart and
Werss also showed that when the systemic venous pressure ts rawsed in con
gestee heart failure the delay between the antecubital vein and the night
auricle does not exceed five seconds even n gross cases It follows that
with pure nght ventroular falure the arm to tongue arculation tme
should not exceed 23 seconds and should often be within normal hmats
fact this 1 so On the other hand 1n left ventricular farlure the average
time 1s 30 seconds (Wood 1936) and may be much longer The delay 1>
due to pulmonary congestion and occurs presumably on the venous side
The arm to lung time The arm to lung time as measured by ether or
amyl acetate (page 13) 15 sard to be helpful m distingwshing primary left
from pure nght ventricular failure 1f the total arm to tongue time 1s also
known When the delay 1s proximal to the heart asin pure right ventricular
falure the arm to lung time 15 delayed as much as the arm to tongue tme
on the other hand 1f there 15 further delay 1n the pulmonary vems a>1n
pnmary left ventricular failure the arm to tongue time 1> dwproportion
ately prolonged Although theoretically this test might seem helpful 1n fact
1t 15 rarely so for two reasons first because the end point m the lung both
with ether and amy| acetate 1s often unrehable and indefimte and second
because 1t 15 easier and 510 less accurate to allow 1 to § seconds for dehy
proximal to the heart according to the degree of systemic venous engorge
ment

GAI LOP RHYTHM

When the rhythm of the heart sounds has three instead of two beats per
musical measure or bar or when the metre of the heart beats has three
mstead of two syllables per poetical foot one may properly speak of triple
rhythm The term therefore covers all varseties of cadence 1n which three
heart sounds are heard Gallop rhythm on the other hand should have a
stricter meanyng and should be applied only to specified forms of triple
thythm as explained subsequently

Mechanism Phonocardiography proves that there are really four normal
heart sounds the auncular or presystolic sound (sometimes known as the
tourth heart sound) associated with auricular svstole and late ventricular
distension the first heart sound due to mutral and tricusprd valve closure
and to ventricular contraction the second heart sound due to closure of the
aortic and pulmonary valves and the third heart sound which 1s attributed
to sudden distension of the ventricles i the phase of rapid filling Each of
these sound 15 thus composed of at least two and at most four elements
Although these elements may not be strctly sy nchronous they are suffi
ciently 50 a5 a rule to produce but one obvious sound to the human ear
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On more careful analysts, however they may often be separated suffictently
to be detected indnv1dually by auscultation and we may then speak of spht
sounds The word spht describes the sound well and also indicates the
mechanism of 1ts production The term reduplication 15 often used
mstead but has less to recommend 1t for it bears an accdental onomato
peenic resemblance to the sound of presystolic gallop and 1t 1s illogical to
apply a word that means doubling to an act of divsion Spht sounds do
not guve the cadence of triple rhythm because of the close provinuty of the
separated elements

The extra sound that 15 responsible for triple rhythm 1s usually 2n
exaggerated auricular sound the third heart sound or a summatton of the
two Occastonally 1t 1s an addional systolic sound of unknown orrgin

Presystolic gallop (aurscular gallop) An audible auricular sound associated
with a normal or slightly prolonged P R nterval gives rise to triple rhythm
(presystolic or auncular gatlop) with an amphibrachic metre (u~u) Asit
may be felt as well as heard 1t 15 best appreciated bv means of a nigid

Fu, 5 o5—Phonocardiogram showing a normal third heart sound
By s t3 /D FDH Cown)

wooden stethoscope or with the naked ear so that tactile and aural senses
may beallied The presystolic sound 1s soft and dull and 1s usually Jocalised
to the region of the apex beat In thts situation 1t 15 pathognomonic of
left ventncular stress Occasionally 1t 1s heard best at the Jeft border of the
sternum when 1t may denote night ventricular stress 1f the P R interval
15 sufficiently prolonged the aurtcular sound may fall ;n mud or early
diastole :f the heart rate 1s fast 1ts true relation to the first or second heart
sound cannot be determined chmcalls unless transient slowing 13 induced
by means of carotid sinus compression Presystolic gallop 15 never heard
when there 1s auncular fibnllaton

Normal third heart sound Whenthe extra sound occurs shortly after the
<econd heart sound giving the metre of a dactyl (- uu) 1t may represent?
normal or 1brormal third heart sound (fig 50,) The normal third heart
sound was well described by Gibson (1907) It 18 soft {ow pitched and



JEART FALLURY 165

usually accompanied by z palpable shock tt 15 marc or less focaleed to the
apex beat, vanies i sntensity wath resprration and 1s accentuatid when the
subject lies on the left side espeanalls sf the venous pressure e ru od by
presssng on the abdomen 1t may be heard sn the great myonty of chufdeen
{but not 1n infants) in about so per cunt of voung adults ocassonidhs 1
the muddle aged and rarely in the elderly Phonocardiography shows that
the third heart sound synchronses with the latter half of the dowendin,,
hmb of the + wave of the supular phlebogram and thevefore with the
penod of rapid ventncular filling (Ohm 1913) It1s attnbuted to sudden
distension of the left ventucle at this time
Protodiastohe gallop Abnormal third heart sounds are common s mstral
stenosis constrictive pusscardibis and in advanced hypertensis e or sschamse
heart farlure (p i1 he gatlop) esy Iy when there s auncular
fibnfation 1he age and chatcat candrtton of the patient emphasise thar
signsficance
Stmmation gallop Summaton of the auncular and third hears sound-
can only occur when there 1s tachveardia or when the P R mtenal s
sufficiently prolonged With tachycardia the metre may seem to be ana
paestic (wu -} dictvhe (~u u) or amphibrachic {u - u} according to the
fancy of the hstener- for the extra sound occurs 1o mad dsastole Summa
tion sounds have no chinical significance of they disappear shen the heart
1s slowed by earotid sinus compresston {summation gallop} on the ather
hand such slowing may reveal an aunicular sound or a normal or abnormal
third heart sound
Extra systolic sounds 1t w not uncommen for an extra sound te accur
dunng ventnicular systole 1 here are three vanieties - the systohe chick of
Teft sided pricumothorax  fesser systolie clicks  posstbly assoctated with
pleuro pencardial adhesions and a third type 1 which the extra sound 1s
Gull and muffled and 1n no way like o click Pauents with partial left sided
pacumathorax may complain of a loud chcking or bubblng nesse syn
chronous with the heart beat It may be so loud that it can be heard at a
distance of several feet from the patient 1t vases markedly with respiratson
and with change of posture and 1s always transsent It 55 accasioned by the
actvittes of bubbles of air between the heart and surrounding structures
and only occurs when the pneumothorax 1s small so that cfuveally it 15 2
fate development appeartng when most of the awr has been absorbed
{Scadding and Wood 1939) 1 esser systohe cheks are heard from time to
ume 15 subjects who are perfeetly well and according to Gallavardin (1913}
may depend upon pleuro perscardial adhestons In these cases the extra
sound resembles 2 click but 18 not so impressne nor so varble as that
assoctated with left sided prevmothorax It may last for weeks months or
years and may comc and go without apparent rezson The third type
(systolic gallop) ss dhstinguished from greater and lesser systohe chiek by
the character of the extra sound which s dull and mufiled 1ts mechamsm
15 not yet understood It 1 uncommon and when heard may be dis
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regarded for 1t occurs in apparently healthy persons It should be distin
guished from the widely spht first sound of bundle branch block

Neote on nomenclature Introduced by Professor Boutllaud analysed and
populanised by Potain (1876) the term gatlop rhythm originally referred to
that variety of taple thythm which denoted impending or actual left ventnt
cular falure and i the presence of tachycardia 1s  marvellously adapted
to the sound 1t designates  But by 1goo Potain had extended the meaning
of the brwt de galop to meclude presystolsc protodastalic and systohic
varieties attributing these different metres to the same factors that are
to day held responsible Thus histoncally 1t 15 not mcorrect to regard
gallop rhythm and triple rhy thm as synonyms but there 1s an advantage i
excluding certan types of tuiple rhythm from the cadences embraced by
the brust de galop Thus it 15 preferable and customary to speak of pre
systohc (auncular) protodistolic systohe and summation gallops on the
one hand and of systohc clicks the normal third heart sound and the
triple rhythm of mutral stenosis on the other

PULSUS AI TERNANS
Pulsus alternans (Travbe 1872) 1s characterssed by a regular shythm
which the pulse beats are stronger and weaker alternately It may be
detected by palpation or more easily by sphy gmomanometry there bemg 2
difference of 5 to 20 mm  of mercury in the systohc pressure between
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pulsus alternans nas present

alternate beats It may be found m assoctation with left ventascular fnluse
tovic carditss parovysmal tachycarda or aurrcular flutter Clincally alter
nation may be mamtained 25 long as the heart 1s Jabounng occastonally for
as Jong as tno or three years Lateat alternation may become mamfest when
the heart beats faster Exper tty under f; %) 4 eg
when the heart 1s possoned by certan drugs including digitalis when st 38
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made to beat very fast or when its blood supply 1s curtaled short periods
of at may follow a g ectopic beat {(Mackenzie 3go7-S) of
a dropped beat (Hening 1908} Sphngmogratns show that pulsus alternans
may begin abruptly either withan unusually large beat ot witha small beat
{Lewss 192,) and that the sum of 1 Jarge and small beat cquals the sum of
two normal beats (Gashell 188.) When the cardiac impulse appears @
alternate n strength the penphusat pulse may behave concordantly or
discordanth s e the larger pulse beat mav be assoctated with the stronger
of with the wezher cardiac impulse respecinely (Herng 190%)

o thoroughty satisfactary by pathesss his been cvolved to cxplatn pulsus
alternans 1t 1 generally belies ed that fener muscle fibres contract sith the
weaker beats than with the stronger owing to the derelop ment of a state of
partial refractoniness (Lewrs 1925) fibres which do not contract with one
beat recover 1 time for the next other fibres which contract v ath the first
beat are sl refractory and therefore unready for the sccond In other
words theres a state of 2 1 parual ventrrcular response But of this were
true all the beats should be weaher than normat the hy pothesis dogs not
etplam the stronger beats Another suggestion 35 that pulsus afternans
depends upen a disordder of Aentricular refaxation for the ventricles hold
"“’fﬂ)blwd with the stronger beats and less with the weaher {Steaub
1917

Pulsus alternans should not be confused with clectricnl alternatson (fig
506) nor with coupled beats due ta premature s} stoles Lilectrscal alterna
t10n 18 sometimes associated with pulsus alternans howerer s 35 the case
lustrated

CHEYNE STORTS BREATHING

Penodic breathing was desciibed by Cheyne (1858) mwhat was probably
acase of hypertensive heart fatiure sith nght hemsplegia For several days
his breathing was wregular st would entirely cease for a quarter of a mnute
then 12 would become pcrceptxb!c though sery lon then by degrees it
beeame heaving and quick and then it would gradually cease agmn ths
revolution m the state of his breathing occumed about a mmute Brokes
(1854) connected the phenomenon with serious heart disease

Mechamon Cheyne Stohes breattung may be imduced expenimentally by
hyperventit pecally m the p of anowa Oser breathing
washes out carbon diovide and the ensuing apneea 18 due to carbon dioude
fack During the apneic phase there 1S progressive anoxemia until e
accummulaton of carbon dioxide eeeites the resprratory centre and breathing

isresumed Durmg the dyspreetc phase carbon dioude 15 again washed out
and the cycle repeats sself A and deg of the resp Y
centre favour the production of Cheyne Stohes breathtng The admuustra

nion of carbon dicude abolishes the grung of oxygen dirmmshes and
modsfies the pertodiaaty The exact rmechanssm 1s unlthely to be understood

until tissue chemtstry 18 more ad d especially that relating to the
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resprratony centre  The crescendo character of the dyspnaic phase may be
partly due to time lag when respiration starts and carbon dovsde 1n the
blood entering the tungs 1s blown off, blood which has alreadw passed the
pulmonary apillanies must have a higher carbon diode content than that
which was required to galvansse the respiratony centre nto action this
tahes 5 to 1o seconds to reach the respiratory centre 1n normal subjects and
an average of about 20 10 25 scconds 1n pauents with left ventricular farture

Chrical features Peniodic breathing may result from a cerebral lesion,
eg a head myury or a cerebral vascular acaident, or from left ventrcular
falute usually n patients with hypertensive or ischemue heart disease
when suerosss of cerebral vessels mav be associated

The cerebral type 1s charactensed by 2 mse of blood pressure and
pulse rate dunng the dyspnaic phase (Eyster 1906) m patients with left
ventricular failure the central venous pressure and blood pressure nist
during dyspnaa, the pulse rate and tore arm blood flow dunn, apnwa
(Sharpey Schafer 1948) Rhythmic vanation i the «ve of the puptls may
al o be observed they dilate during dyspneea and contract during apnea

Cheyne Stokes breathing 1s exaggerated by anvthing which turther de
presses the respiratory centre eg by morphine barbiturates, or natural
sleep It mav cause msomnit by waking the patient at the heght of the
dyspnoeic phase

RIGHT VENTRICULAR FAILURE CONGFSTIVL HEART
FAII LRL

When the rght ventnele fails to discharge s adequately the
pressure in the nght auricle and the ven® cav nises the Jiver becomes
enlarged and tender and dependent edema usually devclops

F1IGLOGY

Right ventricular faiture may result from massive pulmonary embolism
subacute or chronic pulmonary heart disease pulmonary stenosis atnal
<eptal defect or ben bent

The term congestive heart falure 1s preferable when systemic congestion
cataphcates mutral stenosis left ventneular fmlure rheumanc or other
forms of cardins thyrotosicosss or other hyperkinene circulatory states
{except those mentioned above) senous abrormalitses of shythm patent
ductus arteniosus or nther diseases affecting the heart as a whole Fadure
i matral stenoss s considered more fully on page 293 1t 15 a muxture of
pulmonan congeston duc to 2 left sided leston and sight vestocular

falure

CIINICAL FEATURFS

Elevation of the 1erous pressure By far the most important sign of sight
entsicular farture is a rise of systemic venous blaod pressure Its detecuon
depends essentiatly upon chimeal ohscrvation but direct measurement may
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be employed as a check Inspection of the cersical veins should be carned
out with the subject honzontal or inchned at an angle of 30 45 60 or go
degrees whichever posttion 15 most favourable enous pulsation may be
distingushed from artenial 1n several wavs It s diffuse and undulant at
least two waves being seen to each heart beat (except 1n certun special cir
cumstances) whereas artenal pulsation s local abrupt and single If the
Jugulars are compressed at the soot of the neck +cnous pulsation ceases
above this level whereas the carotids continue to beat Abdominal com
Ppression increases the hesght and amplitude of jugular pulsation but has no
effect on the carouds lhe
extent of cervical \enous
pubation  vynes  greath
according to the position of
the patient whereas caroud
pulsation  scarcely  alters
Finally the upper level of
Jugular pulation may be b
seen tovary with respiration
moving down with inspira
tion and up with exprranon
The mean vertical herght of
this upper level above some
arbitrary  reference  point
such as the sternal angle
should be measured in cents
metres The venous pressure
may then be recorded 1n cm
abore the sternal angle with
the patient at a known m
clinatton In normal subjects
inclined at 45 degrees cervical
Yenous pulsation 1s not seen a £ th
t all but umay appear in B 897, Povs shshoy ngd s e o e
the supraclavicular fossa at failure
30 degrees and may be 1 to
3 cm abave the sternal angle n the honzontal position

Examunation of the external jugular vens may also be helpful If one of
these vessels 15 constricted by the finger at the root of the neck a column
of blood. distends the upper part of the vemn on removing the finger the
vem collapses With the patient propped up at an angle of 45 degrees
complete collapse of the vem at the root of the neck denotes no nse of
venous pressure on the other hand 1f the venous pressure 5> raised only
the upper part of the vein ¢ollapses and 1t 1s easy to see the level at which
pulsation ceases 1 the dilated lower part (fig 5 07) Inassessing the venous
pressure by observing the external jugulars it 1s umportant to make sure
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they are pulsating for 1t 1 not unusual (nor abnormal) to find ene or both
of them difated but not pulsating as a result of constriction at the point
where they perce the deep cervical fascra
The amphitude of venous pulsation 18 also worth noting for i pencardal
effusion and chrome constrictive pericarditis 1t 13 dimumished and 1
tricuspid mcompetence 1t 15 enhanced
O ily the venous p 1s 5o hugh that pulsation which only
occurs at the tap of the column cannot be seen at all If the vemns are not
abviously distended the raised ve nous pressure may then be overlooked or
1f recognised may be attnbuted to superior vena cava obstruction Intra
cardiac cathetensation provides a valuable method of arnving at the truth
Superior vena cava obstruction 1s often only partial and the sudden fall m
venous pressure as the catheter slipy through the constriction 15 diagnostse
Observttion of cervical venous pulsation 15 sl mncomplete withovt
noting its quahty and its refationship to the artenal pulse The a ¢ and
v waves of the jugular phlebogram mav be difficuit to detect with pre
aision but 1t 18 usually possible to mahe out tio waves and two troughs
and 1t may be quite easv to time the mam wave or trough
A single abrupt collapsing type of venous puisation m presvstole denotes
an exaggerated auncular 2 wave and 15 no evidence of falure It alters
little with change of posture may be palpated {when it feels ke a venous
water hammer), and 1s somctimes transmitted to the hiver as described by
Vackenze (1902) It 15 most conspienous in tncusprd stenosss oot may
be assocrated with any condition which gives nise to powerful nght aurt
cular contraction (commonly cases with high right ventricular pressures
and tall P waves) Cannon waves due to nght auncular contraction aganst
a closed tricusprd valve (as i heart block) look very simiar but occur
dunng ventricular systole
In tricuspid mcompetence the man venous wave 1 systolic and 15 usually
poverful and prolonged The normal depression following ¢’ due to the
suthing action caused by descent of the atno ventrcular septum s 12
placed by a wave of hugh pressure transmtted directly irom the right
ventricle thus the ¢ and v waves become more or less fused When
there s ausicular fibnllation the single forceful systolic venous wave 50
produced may be mustaken for an artenal pulse Such a wave also 15 no
direct evidence of congestive failure
‘The chief tenous wase m heart failure appears to be late dustolic
Stncthy speaking 1t may not be a venous pulse wave at all but merely the
steady rise of \enous pressure that follows the momentary drop resulting
from opening of the trienspid sabie It 15 seen best mn cases of aunicular
fibnilation when 1t merges into the ¢ wave at the onset of systole and 13
fotlowed by an abrupt svstohc collapse due to descent of the base
Chnical analysis of the venous pulse may not be easy but there can he
no question that five memutes spent ob erving the movements of the nech
verns may be as informain ¢ as auscultation
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Although eleration of the venous pressure at rest 35 described i pre
vious pasagraphs usuath denotes congestive heart falure and i a constant
signof such there wre certain aircumstances in which 1t must be mrerpreted
with caution  Shght elovation for example may oceur when the snra
abdominal tension 1s high as mn pregnanes asaites and mtestmal disten
ston or when the intrathorctc pressure 1s rased from pleural effusion or
pneumothorax  Morc smportant however are certam conditions {t g
anemia) in which elevation of the vencus fillmg pressure 18 phyvsiological
as desenbed on page 155 [ he senous pressurc s also ratsed in hydremic
states from any cause e g 0 acute nephritis and expenmental water reten
uon Finally st mav be ven highin
chronic constrictiy e perseardstss and
0 penscardial effuston

When the senous pressure s
within normat limits at rest it may
yet mise unduly on shght exertion
and may tahe seseral minutes to re
gan s resting level [hisisamam
festatson of hmited cardiae reserse
The jugular  venous pressure
nosmally falls on exertion because
mereased  yentlation fowers the
Teean ntrathoracic pressure  the
true filhng pressure tends to nise

Enlargement and tenderness of the
heer Hepauc distenston may cause
spontanenus pamn wn the nght hypo
chondrium  espectally when st s

soLEEn

Fig s o8~Tracings of sersal skuagrams of
luer &nd spleen opacified by means of
thorot ast demonstratang the rapid shrtnk

rap1d asan faslure from parovystmal
tachycardia Sometimes the pam is
related to effort

age of the hver and spleen which occurs
v hen v 5 mg of d goxin 15 admin stered to
a case of congestsse fadure

Palpaton of the hwer should be preceded by mspection and per
cussion  Epngastne fullness and dullness to percussion are charactenstic
of hepatic engorgement on the other hand epsgastric flattening or con
cavity with top are pattble with it P
of the nght hypachondnum dunng the different phases of respiration
oftent reveafs the size of the fuer wath as much precssion as pafpation
The latter 15 best carned out with the left hand the physician standing
to the patients Jeft It may be helpful to place the night hand high up
under the night lower ribs and to exert fornard pressure m order to push
the liver towards the anterior abdomunal wall #f the organ 15 distended sts
edge can be felt with the forefinger of the left hand as st moves downwards
during inspiration Pressure over an engorged Iner 1s pamful and causes
wnnediate swelling of the cervical vems Hepate pulsation may be felt n
cases of tricuspid ding withthe ¢ waveof
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the phlebogram If there 1s ascites an enlarged liver may be recognised by
dipping  a repeated sudden pressure of the hand over the region of the
Iiver when a sensation like that of a patella tap or like that of ballotting a
feetus 1n utero may be appreciated The liver shrinks as engorgement 1s
relieved (fig 5 08) and this may be demonstrated within half an hour of
giving 15 mg of digoxin intravenously (Wood r1g40) After repeated
attacks of failure or after years of persistent distension cirrhotic changes
may occur: but they are un
mportant and rarely nterfere
with hepatic function or with
portal drainage

Although distenston and tender
ness of the hver are useful igns
of right ventnicular farlure they
are of secondary importance to
elevation of the venous pressure
upon which they depend Bad
diagnostic errors have been made
when heart falure has been
diagnosed on the combimation of
enlargement of the Ilmer and
dependent dropsy without a nse
in venous pressure In such cases
carainoma of the stomach or
cirrhosis of the hiver should recene
first constderation

Fdema Of the three classic
signs of congestive heart farlure
T s °97D'p°:fr°‘"r;;f‘f;m‘ In congestine  pdema 1s the least reliable It mav

be absent when the venous pres

surc 1s hugh and gross when 1t 1s not so high It 1s frequently absent
i acute cases especally in children Cardiac edema 1s essentially
dependent (fig 509) but 1s occastonally observed in the face and 1s not
mfrequent 1p the arms It 1s of course accompamied or preceded by
oltguria and by a gain 1n body weight in fact as much as six htres of flurd
may collect 1n the tissue spaces before pitting cedema s necessanty
demonstrable

Phystologically 1t 1s thought that water electrolytes and certamn other
small molecules such as sugar and urea leave the blood stream at the
artenal end of the capillanes and re enter at the venous end the forces at
work meluding the hydrostatic and osmotic pressures within and without
the vessels and the permeability of the vascular endothelum At the
arternal end of the capillary the hydrostanc pressure exceeds the osmotic
at the venous end 1t 1s the other way about The normal state of flud
palance may be upset 1n favour of the tissues by rasing the hydrostatic
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pressure sithin the capitlanies or reducing st without iy ¢ drong th
osmotic pressure within the capitianes or russng it » sthout arfs o st
the permealnhity of the rascular endothehum.

Inereased hydrostatic pressure at the venous end of the capdhune @ h
cause of aedema m venous thrombosts cirshoss of the dner w th ey
aseites and n partial or complete obstruction of the superwr vansc vt
Low extra capilfans pressure may determine the site of dema but
fnot cause 1t Lax tissue occurs naturally sn certain situatwons € g i the
nfraorhital regon and may be demonstrated subcutaneoush tallcwin
constderable loss of weight or shen the skin has been stretched by previous
dropsy Reduction of capillary osmotsc pressure 15 due magnby to reduction
of plasma alburmin (1 dema usually develops whes the total blood proteins
fall below §G por cent Nephrosis protewm staration severe chroni
anzmm and gross protem loss i pleural or pcnmnml exudates mav pro
vide examples of such mdema The chuef effect of mereasing the per
meability of the caputianies 1s toallow more albumin to escape snto the tissue
spaces (a certan amount escapes normatly and re enters the blood stream
vi2 the lymphatics) and so to merease the osmotic pressure of the tissue
flusd Cedema with @ hugh protem contens {3 to 4 G per cent) results Such
tedema ymay be assectated with bumns trench feet msect bites and affergy
{eg Quinckes disease) 1ymphatic eedema has a ssmdar hugh proten
content

“The mechanism of the two most smportant forms of edema carduac and
nephritsc 18 not yet fully understood In both asarule the protemn content
of fluid samples 1s ow (less than 1 G per cent) the venous pressure 1S
rused 2nd the blood volume 15 mereased {Warren and Stead 1944) but
there are exceptsons Thus in chronte anemia ® 1th congestive heart farlure
the blood volame 1 much dimmshed (Sharpey Schafer 1944) Increased
capillary permeabibity 1s excluded by the low protemn content of the edema
flurd moreoser the theory that anovia mught be the cause of such capillary
dysfunction 1s untikety 1n that cardrac edema may be assoctated with 2 hugh
cardiac putput and norma) artersal oxygen saturation as in arterio Venous
aneurysm Elevation of the hydrostatic pressure at the senous end of the
capiilanies must play a3 part but not necessanly a maor part In partat
supenor vena cava ob truction for example «edema does not occur untit
the verious pressure 1s very much higher than it 1530 heart faluze Reduc
tion of renal blood Row to about 2§ per cent of normal m most cases of
congestive farture has been demonstrated (Mernll 1946) and there 1s 2
censiderable degree of sodum retention according to Mernit and Cargill
(1948) cedema oceurs when the filtration rate fafls below yo to 8o ml hitre
tubular rezbsorp being almost plete Certamly artsficial sodium
retention contrned by means of a hgh salt mntake and desoxycortico
sterone may cause edema and cardac dropsy s best rehenved by means of
a low sodium diet or sodium diurests
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OTHER MANIFESTATIONS OF CONGESTIVE HEART
FAILURE

It cannot be stressed too strongly that the diagnosis of congestive heatt
faslure rests chuefly upon its perspheral effects and least upon central cardiac
findings Inadd to the fund: 1 signs of faure already mentioned
there are a number of other features which may be helpfut m doubtful
cases or wiuch should be understood 1n order that thewr presence may not
cause confuston They mclude albumsnurna and cyhnduna hydrothorax
and astites cerebral symptoms cardimac cachexza venous thrombosts jaun
dice polychromasia slowing of the erythrocyte sedumentation rate 3nd
certain radiographic appearances

Urtnary fndings Oligura of course 15 associated with cedema The
urme which 1s rich 1n colour and of hugh specific gravity often contains
albumun and hyalne casts and sometimes a few red cells

H) drothorax may occur from left or night ventnicutar fature and though
usually brtateral tends to be left sided with the former and right sided with
the latter (Bedford and Lovibond 1941) Tt should be remembered that the
visceraf pleura 1s drained by a venous plexus which 1s composed of both
bronchial and pulmonary venous radicles In typscal imstances the flwd 5
a transudate with a speofic gravity ranging between fois and 1 0.0
protein is often between two and three per cent and there may be moderate
numbers of leucocytes and red cells Unsuspected pul Y
may further compheate the picture mereasing the speafic gravity the pro
temn content the leucacyte count and especially the number of red cclls the
overlying pleunsy gnang rise to an exudate If the flurd 1s frankly hemo
rrhagic d put y may bed d with confid

Ascrtes 15 less common than hydrothoray and usually mphes fong stand
ng fallure It 1s 3 special feature of tricuspid lestons and of chronic con
stnctie pencardatts

Hjdraperrcarduam 1s rare and 1s usually of hittle sgmificance cardiac com
presston does net occur the el drogram 1s f d and there
are no symptoms It 15 only smportant in that 1t alters the size and shape of
the heart shadow and so may confuse radsographic observations

Cerebral symptoms Dnfficulty m concentration mmpatsment of memory
mental confusion change of character and manic depressise paranord of
other psychotic states are by no means rare accompamiments of heart
faduse They ase probably attebutable to dimsshed cerchbral blood flov
smail cerebral thromboses or and are ed partrcularly
i hypertensive or 1schemic heart faslure when cerebral asteswosclerosis
may be partly responsible and i severe anoxsc pulmonary heart disease
espeantly when complicated by broncho pneumoma

Cardac cachevia Pauents with chronsc heart falure usually lose flesh
although toss of wesght may be prevented by fluid retention thus wasting
may onh be noticed after diuresis sometimes 1t 1S 80 great as to warrant the
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term cachewa Llevation of the basal metabolic rate anorewa mmpairment
of intestinal function and enforced muscular spactaty mav be parthy
responsible

¥ enous thrombeses are common in congestne heart failure especiails
when the cardrac output 1s low  I'hey ate responsible for the frequency ot
pulmonary infarction

Jaundice may oceur as a comphication of severe heart fadure and may be
mainly obstructive (McMichael and Sherloch 194,) or mamly hemolvtic
‘the former depending perhaps upon the rmsed intra hepatc pressure the
latter upon the destruction of red cells 1n hzmorrhagte pulmonary infarcts
The serum bilirubin 15 often 1n the regron of 2 mg per cent

Immature red cells are a common feature of congestive heart fatdure and
may be due to sumulation of the bone marrow by anovua

The erythrocyte sedimentation rate 1s often retarded by congestine fatlure
(Wood 1936) Figures of 40 to 100 1 one hour obtainied by the Westergren

o0 SEOWMENTAY OM RATE 7 6
20D wee T TEFr ! i
"9 | | 1 : e
H ) 1 AT I
1 | 1 FALL + 72
- [ .{: T 1] ISEEN
z 7 ;/ 1 H 7
z Y 1 = I3
L6 v ¥ A1 s 2 3
H Sl EENEN H
2 50 i3 \- & 08 3
£ sl 13T v 7 Y T 6ses e 3
o 114 1] £ IAVED W S
[ECSERRA I Vi & 6
z ] z NEEENES!
& 203N AN NpRAN! &
z <
£\ < % 5 zes
] T S A
i1 e ARERR &
o2 s & 7 8 9 e 2 3 4 1%

WEEKS.

Fg 510—Fall n eryttrocyte sedimentat on rate r sultng f om the development of
conge tve failu € 1n a case of actt e th umat g cardins

method 1n cases of rheumatic cardiis myocardral infarction and sy philitic
aortic incompetence may drop below 10 with the onset of falure and mise
to their former level with recovery (fig 5 10)

Radiographic appearances The transverse duameter of the heart 15 1n
creased by 1 to 2 cm  dunng failure (figs 5112 and b) In making such
measurements care must be taken to exclude apparent enlargement due to
raising of the diaphragm by an enlarged liver so that the heart takes up a
more horisontal posiion  ©'he superior vena eava throws 2 denser shadow
than usual and the nght auncle 1s more prominent The lesser fissure on
the right side may be clearly marked owing to pleural congestion or hydro-
thorax may be evident
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OTHIR CONSIDI'RATIONS REFTVANT [0 HE AR
TAILURL

Cyanosnts Cyanosis 1s by no means a constant feature of heart fadure nd
s presence in association with heart disease does not 1n stscdf ndicate
falure It depends upon the presence of at least 5 G per cent of reduce !
hemoglobin 1n the shin capillaries "Thus 1t cannot occut i seyere anmmis
but develops readils 1f there 1s polvevthemia The mtensity of the hue
depends upon the calibre of the shin capillanies 1f they are constricted the
colour 1s paler; if dilated 1t 1s nicher Polycythmmia 15 the rule in the
cyanotic forms of congenital heart disexse and 1t occurs occa wonally 1in
puimonary heart disease Capllary dilatation may be seen m the face
many cases of mutral stenosis

Lhere are three principal causes of cyanosis i heart disease The first 1s
the fight to left shunt seen i congenttal heart disease when venous blood
Passes directly 1nto the artenal circulation Central cvanoss of this land
cannat be recognwed chincally unless at least one quarter of the venous

blood passes through the defect a normal hzmoglobin value
VWith g hmmoglobm of 120 per cent only one fifth of the cirdiac output
need be shunted to produce and with a lobin of 140 per

cent only about one sixth The second cause 1s tnadequate oxygenation of
blood passing through the lungs owing to failure of alveolar function and
15 chiefly encountered 1n acute pulmonary edema and 1 pulmonary heart
disease secondary to emphysema Clinwal recogmition of such central
€}anosis means that the arterial oxy gen saturation 1s reduced to 80 per cent
or fess 1f the hzmoglobin value 1s normal Che third cause 15 the most
cemmon and 1s the sluggish peripheral blood flow im the skin due to com
pensatory 1ction It 15 seen especially in matral stenosts, primary
pulmonary hypertension and massnve pulmonary embolism but 1t may
oceur i congestive heart failure from any cause provided the cardiac out
put 1s low

Considerable elirucal difficulty may be experienced 1n attempting to dis
inguish between central and peripheral cy2nosis 1f the shin s cold cyano
sts of the face ears and nail beds must be assumed to be due to peripheral
vasoconstriction 1if the skin 1s warm and especially if a water hammer
Pulse digrtal throbbing and capillary pulsation can be demonstrated
Cyanosis 15 Pprobably central The colour of the comunctiva the mside of
the lips or of the palate may be more intormatine for cyanosis i these
“arm situations 15 always central Direct measurement of the artenal
0%y gen saturation 15 recommended 1 all cases of doubt 1f accurate mfarma
ton 15 devired
@ he admunstration of otvgen 1s most valuable m cases of central cyanosis

© to emphysema but 1t also sncreases the arterial oxygen saturation m
Cyanotic cases of congemutal heart disease and may be used to tide such
<cases over s0me, cntl"‘cal anOd

i
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Behatuour of the blood pressure I he blood pressure mught be expected to
fall tn congestir & heart falure but m fact 2t may nse fall or reman statton
arv in the majorsty of cases it rises There are only two conditions 1 which
heart fature 13 charactensucally associated with a sharp drop of blood
pressure acute myocardial mfarction and massn e pulmonary embohism In
the former the drop 1s not related to farlure (see page 389) m the latter it
1s more or less proportional to the reduction in cardsac output and hence
to the size of the embolus Conspicuous Jowermng of the blood pressure
assoctated with heart farlure m other diseases 15 commonty a termunal event
The s tion that the bload g when the cardiac
output falls may depend upon dirunished blood fiow through the hudney
It may be recogrused chimcally by cold extremities and penpheral ¢yanosis

The heart rate Whist some degree of tachycardra partly due to the
Bainbndge reflex {page 110) 15 usual 1n heart fmlure there are extreme
ranatons both with normal and abnormal rhythms If the heart rate 18
plotted against the cardiac output a cunve mas be constructed which 1
more or fess similar in shape to that related to the venous pressure Te
some extent 1t 1s hkely that tachyeardia wn heart fulure represents another
compensatory device whereby the cardiac output may be mcreased Thiss
wellillustrated an chronse constrictive pertcardhtis when the 1 enous pressure
mechamsm fals Climealls howeser tachyeardia is an unrehable guide 10
the presence or degree of fmlure as the pulse rate 1s influenced by so man¥
other factors

Character of the heart sounds Current terminology sull mncludes such
expressions 2s weak fant or distant heart sounds and tic tac or feetal
shythms which have been supposed to signify failure or threatened fatuse
With the excep of the red in the of the heart sounds
following coromary thrombosts pulmonary embolism and pencardial
effusion weah fant or distant heart sounds are commanly due to obesit
emphysema or well developed thoracic muscles It 1s doubtful whether
i tac or feetal rhvthm 1s sn anv way assocrated with central heart falure
on the other hand 1t 15 heard 1n patsents suffenng from shock and mas be
associated wath diminution of the biood volume A wesk first heast sound
assocnated with a normal second sound s usually due to a P-R smtenal
around © 21 10 © 22 second  the mutral cusps then having tme to float nto

appositon before the ventricles contract (Levine 1948)

PROGNOSIS OF HEART FAILURE
When left ventrrcular farlure deselops i the natural course of hyper
tensive or aeruc vale diseae the prognosts ts poor the patient seldom
Ining more than aighteen months after the onset of orthopnaea or pasows
mal cardsac dyspneea Few die howeser before chinscal signs of chroi€
SyStemic Cong become apy A nght ventncular failvre
often brings svmptomatie relief as st reduces pulmonan, congestion
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The prognosts may be fess unfayourable when acute myocardual mfarc
tion 15 tesponsible because af the patient sursives the acute phase he may
make a good recovery and although the averapy hfe expectaney 1s st)l only
30 4 years the chances of much longer survival are not remote

The outlook 15 entirely different when left ventncular failure complicates
acute nephritis here complete recovers may be anticipated  Lhe ultimate
prognosis depends upon the subsequent course of the nephnitis. Simlar
remachs apply to other forms of hypertension wluch are transient or w hich
can be treated successfully

Ihe prognosis of nght ventncular falure or congestive heart farlure
depends very much upon 1ts cause When a sociated with disea es that
€an be cured or improved such as thyrotonicosts the outlooh 15 excellent
On the other hand when 1t occurs m the natural course of chroric and
incurable heart diseace few patients sunvive more than a year Between
these extremes are cases of incurable heart discase 1 which failure 1s pre
eipitated by .ome adverse factor which 1s either transient or which can be
impraved or cured Undue physical work pregnancy infection distur

bances of thythm obesity and pulmonan embolism proside examples of
such factors

IRI VIMIENT

As the measures used 1n the treatment of left and right ventncular faillure
are practically the same they will be considered together By failure 1s
meant the final stage 1n which the heart 1s overloaded

Rest sn bed or in a comfortable armchair 1s essential and should be con
tinued for 4 miimum period of three weeks If mgns of falure do not
disappear within a few days of instituting adequate therapy the penod of
rest should be extended to s1t weeks The patient should be nursed against
@ back r¢st at an angle of about 60 degrees whether orthopnenc or nof
for there 15 no easter way of lowenng the right aunicular pressure and so
unloading the overburdened heart 1f thelegsare lowered somuch the better
~hence the value of an armchair Meals should be small 1n quantity and
flusds Timited to about two pints daily I the sodnem intake can be mited
t005G daly however there 1s no need to restrict fluds Correct treat
ment of heart farlure usually serves as the best hvpnotic but 1f nsomnia
1s troublesome at first there should be no hesitation 1n using morphmne

Venesection deserves a better reputation It has fallen out of favour be
cause simlar results may be obtained by means of certain drugs but it
offers a quick and sure way of lowening; the venous pressure and reducing
hydremia and should not be abandoned Drugs which lower the venous
pressure should be used in addition not as a substitute About 600 to 750
ml of blood may be withdrawn

Dugutahs 1s benefictal whether there 1s auncular fibnillation or normal
thythm and whether the pulse rate 1s fast or slow It lowers the venous

Ppressure {fiy, 5 12) rases the blood pressure {fig 5 13) slows the heart rate



s PEEEEEE T
b4 ot Frr THT
H T
s 5
it

E £ t
¢ & o

52 2 i
LI 2 R
= Y Y

o B
: B
-3 EE
.® S
=g in
T
§ Saearsae it
R Seestats arEase
> T
e s
R s SEEEEE
HE e
- vads .
z Py
e
3 6

o 55
MINUTES

Fup 5 12—Typrcal eﬁ‘ecz of digiatis on the «enous pressure or night surncular prossure
our cases of congestive heart fatdure

o
X
a
g
& ae
o 200
4 3
v
b4 g
Sz
8
g o 190
M A
s H
' —BP
co PuLSE
903 5{ O b 80
] .
\
AP bu, N Y D
o} 4 -5 -
[ =
701 3 -0
DICOXIN
t3 g
2 i
0w o 30 40 50 -3 k24
MIRUTES

_Typicat effect of dimtalis on the blond pressure pulse rate sight aurscular
ﬁ:igif’e’md gnix:c qutpiit n a case of hypertensise heart falure with normal rhythm

150



e I L I R T T R P P TS
SAVQ
o1 s 8 L 9 s 4 € z
E5i3 1 a6 %1 ob 136 08
R AT R T o | ok | 94b
RE 1} g u
0 ANN gurk 704 9iG  S8VL
iR ) 06
aha Y 0
<
] nEk &
L AN v
ot
o %
g7t 5
P 1 m
ou
\
'Y
2 ; i
h {41y i H
2 [s}4]
+
}
T T Ot

1
FUNVVE  LUVIH IALLSIONOD
SIAIGHVYD  DIAVWNIHE 3410V



DIGITALIS IN LEFT VENTRICULAR FAILURE

120
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Fig 5 15—The action of digitalis on the arm to tongue circulation time and on the pulse
rate m four cases of left ventricular farlure with normal thythm
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6—Chart showing considerable dwresss resulting from the admunistration 0f

digitalis 1o a case of hypertenarve heart fa lure with normal rhythm
182
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(fig, 5 14) relieves hepatic distension (fig 5 08) increases the vatal capacity,
shortens the pulmonary circulation time (fig 5 15) increases the cardiac
output (fig 5 13) and encourages diuress (fig 5 16) Its good effects have
been recently attributed to a direct venous pressure lowering action
(McMichael and Sharpey Schafer 1944) but this is doubtful for digitahs
does not lower the venous pressute when the latter 15 elevated from causes
other than congestne heart falure (fig 5 17) (Wood and Paulett 1949)
The ongimal belief that digstalis improves the function of the heart by
virtue of 1ts direct action on the myocardiurn 1s probably correct In normal
controls increase of myocardual tone may mahe the heart smaller and may
reduce 1ts output (Stewart et al  1938)

For routine purposes the dose of digitalis should be 3 grans (02 G)
of the powdered leaf td s on the first day 2 grams (0 13 G ) tds onthe
second and 1 gran (63 mg ) tds thereafter until demonstrable improve
mert or evidence of intoxication occurs when 1t may be reduced to 1 gran
(65 mg ) bid Other methads of admunistening digitahs are de cribed on
pages 144 and 147

Strophanthin may be preferred when a quick action 15 desired especally
if a cumulative effect 1s not wanted A single dose of Ouatain 1o mg
intravenously may raise the cardiac output 1n ca es of heart failure with
out affecting the venous pressure (Mchlichael 1948) and so presurnably
acts directly on the heart Like mtravenous digoxin 1t also has a conspicuous
pressar effect and slows the pulse rate Strophanthin 1s probably the drug
of choice 1n collapsed cases of pulmonary heart farlure

Mercurial diuretics provide the best means of reducing cedema More
over proportional and parallel to the diuresis and to the relief of hydrem2
the venous pressure falls For this reason they also prevent paroxysmal
cardiac dyspricea (fig 5 18) They act by encouraging sodwn excretton

Preparations on the market include mersalyl mercurophylline salyrgan
neptal and novunt They are all based on the orignal but far more toxic
substance novatsurol and contain about 40 per cent mercury Ampoules
for ijcction contain 16 per cent of the drug and 5 per cent of theophylline
oral tablets 003 G of the mercunal dwiretic and 0 04 G of theophylline
and suppositories 0 4 G of mersalyl and 02 G of theophviline

Mersaly! should be given 1n doses of 2 ml intramuscularly twice weekly
accompanied by 30 grans (2 G ) of ammonum chlonde orally once on the
preceding evenung and repeated three umes on the day of ijection Mer
cunal diuretics may be given oraily 1n doses of twa tablets tds for twe
days with a rest of threc or four days between courses but they are less
effective by this route and may cause considerable gastro mtestinal distur
bance Rectal suppositories one per wech may also be used but may pro
+ohe severe burnung pam

Touc reactions are rare but sudden death has been reported after intra

\enous ijections Towe nephrosis charactensed by tubular degencration
and ealafication s ed oc {ly usually after prolonged
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admimistration  I'he drug should not be stopped owing to a poor mital
response for the result of the second or third dose comciding perhaps with
the beneficial effect of rest and digstalis may exceed expectations The only
contra indication 1s acute nephntis

o

HYPERTENSIVE HEART FAILURE
(Left)

- u u s

CCs of uni ¢ less flud ntake (x 000}
o
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Ti2 < 18—Chart illustrat ng the benchicul effect of mercurial d uretics 10 preventing
paroxysmal cardiac dyp neea Digital s was less effect e

Other diuretics which may be employed as adjuvants include the
xanthme denatives theobromme theophylline and caffeine and urea in
massine doses eg 30 G tds The most powerful of this group 1s theo
bromine which 1s given in doses of 5 to 10 grams (032 to 065 G) or
combrned with sodium salicylate as diuretin 1n doses of 10 to 20 grans
(065 to 13 G) The latter being far more soluble 1s preferable

A low sodum dret has proved a most effectne way of relieving obstinate
cedema (Schroeder 1941) and pr g paroxysmal cardiac dyspneea
The object 1s to reduce the sodium intake to the order of 0 5 G datly so
that 1t 15 impossible for the tissues to hold much flud The blood volume
15 thus reduced and the venous pressure lowered The following diet has
been constructed from tables giving the composition of numerous foods
compiled by McCance and Widdowson (1946) The first figure after each
substance gnves the amount of sodium 1n mgs per 100 G of foodstuff The
second figure gives the approuimate calorific value of the food per mg of
sodwm content For the first 48 hours 1t 15 a good plan to grve nothing
but frut m any form frutt yuice drinks sugar rice and diluted milk
Mercurial diuretics should not as a rule be grven n conjunction with this
diet the combination causing a too profound degree of sodium and
chloride depletion uremia which may prove fatal may then develop
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LOW SODIUM DICT

Crreats
Permitted Doubtful Forbtdd n
Arrowroot 48| 72| Currant bread 164 | 2] Bread 393 )07
Batley o8] 150 | Sweetbiscunts 216 | 3} Biscusts 400 {08
Cornflour 52 7| Rusks 200 | 2 | Cornflakes 1050 [c3
oar 235|170 Grapeputs 658 (o5
Macaront 79 15 Post Toasties 81005
Qatmeal 33 11 Rvvita 615 )05
e 22| 6o Vita weat 615105
Sago 34 100
Semolina 1z | 30
Shredded !
Wheat 16 | 22
Tapioca 4 1 86 |
Note

Biscurts Water biscunts and cream crackers cantatn the most sodium OQatmeal
brscuits made without salt and with lard tnstead of margarine are recommended

Breakfast cereals Oatmeal porndge should be made without salt and with
equal parts of milk and water Shredded wheat with diluted mik and plenty of
sugar 1s recommended

Alilk prddings Milk should be diluted with equal parts of water margatine
must not be used

Flour squces Make without salt and with equal parts of milk and vegetable
water Use dripping instead of margarne

Darmy Propuct Avn FATS

P rmitted | Doubtful Forbudden

Butter (fresh) 223 35| Dlk (fresh) so | vz | Cheese 6oo | 05
Cream cheese | Milk (sweet Egg white 192 (02
(home made) 110 8 condensed) 143 | 2 Margarine 318 {05
Cream !l 13
Egg yolk 30 ) 7
Ohve anl o1 19290 \
Lard 2| 450
Dopping 5, 200

et a5l s i
NOTE

Butter may be kneaded 1n water to reduce sts salt content

Home made cream cheese must be made without salt

I ggs are best fried or poached because a certan amount of sodwum chlonde
15 then fost 1n the cooking

Dilute malk 2 1

Use olne oil dnpping lard or suet in cooking 1nstead of butter or margarine
wheneter possible

Mear POULTRY a\D Gave

Permitted
Roast beel 62
Gnlled steak 6715

Stewed steak
Tate (roast or) |
stew 451453

58

Doubtful
Chacken Ba 12
Duck [UIBE N
Goose us |z
Guinea fow! }hi1s
Heart 13301y

Forb i n
T 200

Bacon
B ef
(Miversde) 1470 | 02
rains 150 |07
Ham 1500103
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Pernutte Doubtfut Forbifd n
Mutton chop Tner 100 \ 25| hidney 250 o4
(znlled or Tartndge ) Meatpaste 030 o 5
r1ed) 9o € Theasant » 1002 Smohed park 1800 015
Mutton feg ete Pigeon J Sausage 1000 0 3
(roast botled Turkey 130 | 15| Tongue
orsterved) 63 4 Tripe 72 {15 {presencd) 180 oty
Pork roast 66} 5 Veal 1wo 2
Pork chops 609 | Vemson 86 |2
it 2§ 6 !
Sweetbread by | 3 |
Tongue (fresh) 79 | 4 ;
Topside (beef) 350 | 4 |

Note
All salted and preserved meats are forbidden
Roasts are best as there are more calones per mg of sodium content
Meat extracts Iike Marmite Bosril and Ovo are forlndden
e simple meats ~ beef mutton lamb porh hare and rabbit ~ are the best
Next comes gime Of offal sweetbread fresh tongue and liser are best

j§S 1

Steamed fish 1y mostly about 1001
Fried fish 1 slightly better (1251 5)
The fish of chotce ase bass conger dabs sihvereels herring red mullet pollan
fresh salmon fried smelts sprats and whitebait

g{“er;td smoked salted or tinned fish are prolubited {e g tmned salmon 13
538/0 25

Fish not advised include crab haddock flat fish lobster mussels oysters
(50510 1) sea trout whiting and winkles

Fish paste 15 protubited

Fish cakes made without salt and deep fried 1 olive ol are recommended

Fruir
Permtted Permytted !
Apples 2 20 Greengages 14134
Apr cots 1 |30| Oranges 299
Hananas 127 | Peaches 27|13
Blackberries 378 Pears 23|18
Chernes 8 (16| Pneapple 17|29
urrants 27 10| Plums 17 )22
Dates 47 a7 Quinces 32| 8
103 16| 26| Raspberres 25|10
Goaseberry 12{31| Rhubab 15 25
Grapes 16| 50 Strawberries 15417
Grape fruit 14116
Note
¥he5P are average samples of fresh fruits
he only doubtful fruts are melon (19 5/1) and passion fruit (30/1)
(OSIICWe;l fruit 13 best because of 1ts higher calortfic value eg stewed apples
1/170)
Tinned fruits 1n sy rup are also good
(sgr;ed frusts are less beneficial ¢ g tenned apricots (0 9/62) dried apricots

Trescrved olives (2 250/0 0,) are forbidd n
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Nurs
Almonds 58 n
Branls Ts5 430
Chestnuts 109 16
Hazelnuts 14} .80
Walnuts 27| 353

Note

‘These are average examples of fresh nuts
Obsiously salted almonds and peanuts are forbidden

Permutted
Aruchokes
(root) -6 73
Asparagus 69 10
Butter beans 162 6

French beans 3.4

Hanecot beans 15 6
Runner beans 33 2
Sprouts 77 2
Leeks 64 4
Lentils 9.4 10
Lettuce 31 35
Marrow 12 6
\lushrooms
fried I 20
Onions bodcd 66 2
10z 2
fned 20 18
Parsmups PR
ed 126 8

et
Pottocs bolled 3.4 25

o B ug
Tomatoe: S I
Tomatoes fried 33 21

Note

'V EGETABLEy
Doubtful
Artichokes
obe 6411
Broadbeans 196 | 2
bage 10 ‘o6
Cauhflower motx
Cucumber 13 o7
Mustard and
cress 10 o5
New potatoes 405§ 2
Swedes 144 | 1
Tumips 28 os

Forbidden
Beetroot 6407
Carrots 50703
Celery 137 | 007
Radishes 59 | 025
Spmach 12302

1egetables must be coohed free from salt “They must not be mashed with

marganneé or salted butter

Tinned or othernrse preserved vegetables eg tmned peas (260 03) are

banned

SWEET>

Sugar (0 4 954} 2dds 2 low sodism high calonific 1alue to most sweets
Plain chocolate (18 6 29) 1s better than milk chocolate (93 4'6)

Hones {107 26) and jam (1, 9 16) are recommended
Golden syrup {270 1) chutney (1501) and mincemeat (2000 5) are pro

hibited
Toffee {115 3 ») and black treacle (96 2z ,) should be asoided
BevEraces
Permitted th:‘bned

Coffee o3 13 Bourn 1ta 1

Lemonade o5 100 Bownl 530 oaz

Tea o3 ! 2 Cocoa 650 {0y

Beer 15, 3 Horlicks b

Wine ] (\)tarlmn: 6130 { oot
altine 2390]1s

Spues i O Cubes 10600 | 002

Varol 374
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CONDIMENTS
Permtted Profabted
Ginger 34, 7S Curry 5% ©F
VMustard 5i% Satt 39500 o
Fepper 7|45
Vinegar 20 @z

Caney Ann PasTries

Most of these work out at 150 3 approx

Doughnuts (60'6) oatmeal Biscurts made without salt and with lard mstead of
margarine shortbread (86'6) sponge cake (70 4) apple charlottc with suet on
top instead of margarme apple dumpling (39 5) apple puddieg (38,5) yelbs
(8935) pancakes (85/¢) and cereal puddings made with diluted mulk and no
mirganne are permitted

Foods made with soda bicarbonate are not atiowed {e g dumpling)

Yorkshire pudding made without salt s permissible

Currant cale gnger cake and Swiss roll should be mouded

Generat Roves

Mo free salt of ordinary salt substitutes no salt i coohing  bodum free salt
substitutes usuatly made with potassium such as neo scleron are permutted

Na foods made with baking pavder

No medsenes contanng sodium

No presenved salted smohed or tinned foods {except drred and tinned fruit)

Dilute mlk with equal parts of water

Us;!dnppmg tard oltve oil ot suet nstead of butter or margarme wherever
poasshle

Supply calones chiefly with selected cereals cream fat fresh meat potatoes
sugar sweets frat and nuts

Asoid bread bread subsututes certam cereals margarne safted butter
cheese bacon sausages meat euiracts shell fish fish paste certam vegetables
and milk beverages

Acupuncture When dema 1s gross and fals to respand to the measures
previously outhned 12 may be necessary to resort to acupunciure A trl
angular cutting needie 15 used and about a dozen punctures are made mn
eachleg the patient ss then seated in a chasr with his legs sna tub To facil
tate dramage the legs may be swabbed down with warm citrate solution
from time to ime Due ptic pr must be r d Flud
may continue to exude for twenty four to forty eight hours and it 1s not
uncommon for the total quantity to be measured in galfons Southey s tubes
constitute 3 cleaner way of removing flusd on the same pnnciple Several
large bore needles are inserted 1nto the subcutaneous tissue  of the thighs
ot cafues and fluid s allow ed to dran away through attached rubber tubes
nto a container

Attacks of parocysmal cardiac dyspnees of of acute pulmonany edema
are treated by methods designed to lower the venous filling pressure as
quichly as po sible and so to reduce the output of the nght ventncle The
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sitting posttion witl usualls hase been adopted alreads by the patient Mor
phire } to 3 of 2 gramn (26 to 21 mg ) mtramuscularly or § of a gram (11
mg } inteavenously depresses the escited respiratory reflexes and soothes
the pattent Venous tourniquets may be apphed round the thighs to trap
blood in the legs or venesection may be preferred Theophy Hine ethylene
diamime (amimophythne) o 24 to 0 48 G intravenoush fowers the venows
pressure immediately  rehieves bronchual spasm and may have a diect
stimulating action on the heart {fig § o0z} Tetraeths lammonsum bromude
200 te joo mg mtravenously 1s 2 useful agent for low ering v enous pressure
and may refseve attachs guehlhy (Hayward 1948)

Digovin and strophanthun are probabfy best avoded i view of their
pressar actions indeed parovvsmal cardiae dyspneea may oceastonally be
mttrated by intravenous digonan

Ovxygen 15 of htle value m parosysmal cardac dyspuea for the artenal
ovygen saturation 18 normial but may be given with advantage 10 acute pul
monary redema Nskethamude 1s contramndicated for the am s to depress
respiration not to sumulate it Adrenahine 15 dangerous n ischamic cases
because it may prosoke angma pectons patoxysmal sentneular tach cardi
or ventricular fibrillation but it may be gisen i smatl doses subcutaneoush
to reheve bronchial spasm mn hypertensne cases Atropme should be
aoded for 1t has no therapeutic value and causes unnecessary tachy
cardia

Cheyne Stol es breathimg mav be abolished by carbon diouide and re
heved by oxygen as already statud but is best treated by an mtravenous
mgection of 024 t0 048 G of theophylhne ethylenedianune The effect
lasts for six ta exght hours and thus ensures a good sught s rest \ccordmg
to Marars and McMichael (1937} 1t 15 the ethylenedizmme radient which
15 responstble but other workers (e g Nathanson and Fitzgibbon 19,9)
have reported equally good results with theophy ltme along or with other
theophslline salts These conflicting findings are not necesswly contrd
dictory for both may be effective the ethylenediarnine radical by direct
action on the resptratory centre theophiiime by smproving the state of the
awrculation

Theoph Hine mav also be gnen by mouth in do esof oz too 3 G four
hourhy not only to prevent parocismal cardisc dvspnea and Chevne
Stokes breathmg, but also to lower the tenous pressure i congestng heart
faslure 1arger doses {0 4 to 0 5 G ) may be tried but uswalls have 10 be
abandoned owing to dyspepsia

Dramatic results mav follow treatment dsrected agawist the catse of the
underlying heart disease “This applies partieularly to cases of thyrotoxicosty
anemu ben ben stterio yenous aneurysm and anouc pulmonary bewrt
disease

1f 10 spite of all these heart fathare an attempt M3
be made to reduce the oxygen requirement and therefore the worh of the
Yeart by means of thionractl or total ablatin of the thyrord gland The former
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1s preferable because the treatment can be abandoned if unsucee sfuf
Relatunely large doses are necessary usually 06 to 09 G daily Propyl
thiouracil 15 advised for 1t 1s less toxtc than other preparations It must be
admitted however that results are far from sansfactory Radioactne
1odine offers another means of inducing artificial myxoedema (Blumgart
et al 1950)
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SYNCOPE

HYRL are many causcs of transient loss of consciousness and a Ct;:ld

l plete list would include the causes of epilepsy coma ccncfmsmn o
asphyxia but svncope has comz to mean transient loss of consm\ )

ness of sudden onset due to inadequacy of the cerebral blood flon 1ss

o vagal
defined syncope m1y be divided into cardiac vasomotor or vaso
cerebral and anoxic forms

CARDIAC SyNCOPT
Cardiac syncope occurs when the heart through some fau}t n “S'F'llf or
In 1ts great vessels farls to an ad cerebral ese
faults are listed for consentence as follows

Carduac standsull - vagal inhibstion
Ventricular asystole ~ Stokes Adams fit
Ventricular fibrillation

Ball vahe thrombus or pedunculated myxoma
Aortic stenosis

R P N

Paroxysmal thythm changes with extremely rapid sentricular rates
Massive pulmonary embolism
8 Cardi ¢ comp from h

The immeduate cause of such syncope 1s a sudden fall 1n cardiac output
The practical mechanism whereby the heart fails to fulfil its task vanes
wccording 1o the lesion

In cardiac standsult tentricular asystole ventricular fibrillation ball valee
thrombus and pedunculated myxoma los of consciousness 1s abrupt and
without warning The attack may occur at apy time while the patient 1s
valking standing suung or lying At first the patient 1s grev or white
flacid pulseless ang motionless The heart sounds are naudible but
TESPIrations may continue In about 10 to 1 5 seconds anoxic twitchings
begm and may develop into convulsions 1f the attack lasts long enough 1f
tecovery does not ocour withim two minutes death usually results Cardiac
and ventricular asystole usually recover well within that trme commonly
within § to o seconds but ventricular fibrllation 15 usually though not
fecessanly fatal Ball valve thrombus and pedunculated my¥oma are rare
Return to consciousness 1s abrupt and complete and 1s followed by avnid
flush hyper ox

ygenated blood being flung into a dilated vascular system
(reactive hypermmm)

dium
P d

Sonular attacks of uncertain mechamsm may occur 1n aortic stenosts As
~
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arule however syncope 1t aortic stenosts is vasomator the valve lesion
acting merely as a predisposing factor

Heart rates up to 200 per munute i parevysmal tachycarda are usually
well tolerated, but syncope may result if the rate 1s much faster Speeds of
over 300 per munute have been recorded

Massive puly boltsm may cause pe when mare than tue
thirds of the circulation 1s blocked The onset 15 sudden but rarely so
abrupt as w the group just mentioned Moreover st may be preceded
by pain or tightness in the chest The duration of unconsciousness 48
longer being usually measured 1 munutes or even hours Recovery 1s
at first only partial extreme fantness persisting Dursng the attack the
patient 1s mp grey sweating and breathless The pulse 1s thready or
imperceptible, the heart sounds faint or inaudtble, the blood pressure Jow
or unobtmnable

Smaller pul y embol: sertously to emb the ar
culation ovcasionally cause reflex syncope (page 449) Such reactions may
be prevented by means of atropine Simular attachs may be encountered tn
cases of acute myocardal infarction These should not be regarded as
examples of cardiac syncope for the 1 It

Cardiac compressson must be gross to reduce the cardisc output suff
crently to cause loss of conscrousness ‘This condition may be fulhiled by
hemopeticardium due to rupture of an aneurysm dissecting or saccular
or to perforation of the heart from bullet or stab wounds or spontaneausly
through 2 myocardial infarct or ventricular aneurysm

Syncope d with sortic p 1s usually vasomotor in
ongin the Jesion acting only as a predispostng factor for the pertpheral
resistance 1s already low

From this brief survey 1t will be seen that sy ncope associated with cardiae
disorder 15 of two man types that i which there ts an abrupt and gross
fall in cardiac output (true cardiac syncope) and that i which the heart
leston predtsp toy yncope A third type 1» anovic and 1> seen
1n congenal heart disease with right to left shunt

Turther detals and treatment of the various forms of cardrac syncope are
considered elsew here

.

VASOMOTOR SYNCOPL
Under this heading may be grouped all varieties of syncope in whieh the
cerebral blood flow fails as 2 result of 2 sudden fall m blood pressure due
to collapse of the peripheral resistance This includes the common famnt

ETIOLOGY

\ asemotor syncope may be mitiated by a cnitieal fall in central venous
pressure, by chemucal agents that cause sudden profound sasodilatation
or by sumulation of an assortment of receptors which exaite a vaso vagal
reaction {faws 1932} Particular causes arc listed helow
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Causing entical fall in central venous pressure
1 Hemorrhage
2 Loss of plasma into wounds burns crush mjuries or gassed lungs
3 Loss of plasma 1nto the skin ot tissues as a result of allergy eg
generalised urticaria and Quincke s cedema
4 Venous tourmquets on the thaghs
5 Orthostatic hypotenston
6 Qther forms of postural by potension

Chemical agents causing sudden profound tasodilatation
1 Acetylcholtne and other chohnergic substances
2 Histarmine
3 Tetraethylammonwum salts
4 Nitrites

Stimulation of other receptors that excite o raso vagal reaction
1 Psychogenic disturbances
2 Carotid sinus compression
3 Extreme pam
4 Myocardial infarction
5 Pulmonary embolism
6 Mentere s syndrome

‘This list 1s by no means complete but 1t includes all the common causes
of vasomotor syncope

MECHANISM

Syncope from hzzmorrhage has been thoroughly investigated 1 blood
donors As the blood volume diminishes the venous pressure falls and the
cardiac output 1s reduced C: y riction may porarly
marntan the blood pressure The famnt which 1» 1ssociated with a sudden
fall 1 blood pressure and pronounced bradycardia appears to be due to
sudden vasodiatation it muscle (Barcroft 24l 1944) Tlus vasodilatatzon
15 mediated by vasomotor nerves (Barcroft and Fdholm 1934) Whether
thus reflex 15 excited by the fall 1n venous pressure or othcrwise 1s unknown
but 1t 15 clear that diminution 1n the blood volume 1s not directly responsible
tor the famnt for the cardiac output may not alter at the eritical moment—
the peripheral sumply collap

This sequence of events has also been demonstrated when syncope results
from the prolonged application of vtnous tourniquets to the thighs and
probably occurs 1n all cases of syncope 1itiated by a enitical fall i central
venous pressure (Sharpey Schafer 1944) Venous tourniquets on the thighs
actasa blaodless venesection by trapping blood in the legs Fainting 1t
soldiers on parade who may have to stand at attention for leng pertods 1
believed to depend on similar factors The fall in central venous pressur
imtiating orthostatic syncope following lumbo dorsal sympathectomy 1s du
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to abolition of veno motor tone mn the lower half of the body Veno mator
paralysts may also be partly responsible for fainting following the mjection
of tetraethyl salts Sp toxic, and comvalescent ortho

static syncope may also be due to loss of veno motor tone

Other forms of postural syncope include fanting in pregnant vwomen
when they lie on their backs too long and fainting 1n certam subjects on
adopting the lordotic posttion The fall in central venous pressure 1s then
attributed to compression of the mfersor vena cava by a pregnant uterus or
by the Irver which 1s forced against the spme (Bull 1948)

Syncope from chemucal agents which cause sudden profound vasodiatation
1s directly due to collapse of the peripheral resistance The blood pressure
falls steeply but the cardiac output may be rased and there 15 usually
tachycardia mstead of bradycardia Heat gross aortic incompetence and
other lilatatton states predispose to syncope by lowenng the pen
pheral resistance

The stmple psychogente fant 1s mitiated by emotional disturbance or by
stimulation of the afferent component of a conditioned reflex both result
n a2 powerful disct The type of usually responstble
1s 3 mixture of fear amazement and curiosity, as may arise when 4 nurse
sees a thoracic paracentests for the firct time or when a hypersensitive
subject witnesses a street accrdent The vasomotor centre appears to be
suddenly depressed and there are d chohnergic fe the
chief result 1s gross vasodilatation This 1s certamly not in the shin which
1 pale and cold but may be n muscle or in the splanchnic bed The pert
pheral resistance collapses and the blood pressure swhs rapdly As the
cerebral blood flow depends chrefly upon the blood pressure 1t becomes

deq; and 1s lost Sp recovery 1s nevitable
for three reason first unconsciousness abolishes the trigger secondls
Tiberated acetylcholine upon which many of the features of the attack may
depend 1s raprdly destroyed by choltne esterase thurdly the horizontal
position naturally adopted by an unconsctous subject mcreases the cardtac
output and s favourable to the cerebral blood flow

Carotrd stnus syncope 18 sard to be of four man types which may be repro
duced by carotid sinus compression (Wewss and Baker 1933 Ferns Capps
and Weiss 1935) First syncope may be due to cardiac standstll (fig 6 o1)
Second loss of may be d with a gross fall of blood

, B )
,\} ;\,‘J\-a’———\l/\,b\-ﬁlu\—ﬁ’\/\qmﬁﬁl/\‘fh{:‘
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Fig 6 01—Carotid ainus pressure causing cardiac standsull



sYscops 197

pressure and with marked slowing of the pulse rate If the latter s restored
to normal by atropine consciousness 1s not regatned if the blood pressure
15 restored by amy means consciousness returns even though the pulse
remamns slow It 1s the low blood pressure and not the slow pulse rate which
18 responsible for the syncope s 8y pe corresponds o vase vagal syn
cope Third carond simus pressure faay mduce syncope associated with a
profound fall in blood pressure without slowing of the pulse rate 145
doubtful 1f there 1s any fundamental difference betw cen these two forms of
attack for not irequently the first type merges mto the second mdeed st
has heen suggested that mnal slowing of the hicart occurs 1n all cases but
that subsequent quickening resulting reflexty from the low blood pressure
may ocenr so raprdly as to mislead the obserer

Wesss and Baker describe o fourth ty pe of syncope resulting from caroud
Sus pressure n which the blood pressurc and pulse rate are unchanged
and refer to 1t as cerebyral syncope 1 his appears to be allied to epilepsy for
fa reduction of cerehral blood flos, can be demonstrated

Spontanesus carotd sinus Syncope may occur in rare mnstances [he
organ s hy persensitwe and may be excited by sudden pressure of the nech

against a tight collar The condition may be cured by carotid smus dener
vation

Reflex synco,

pe from pan myocardial infarction pulmonary embolism
cte 18 simylar

m mechanssm to the smple psychogenic faint

CLINICAL FEATURES AND DIFFERENTIAL DIAGNOSIS
The chief clinscal problem 1s the differentiation of Vasomotor or vaso
vagal syncope from eprlepsy "The difficuity lies i obtaining accurate data
for the estdence yn the first place s entirely hustorical physical examination
13 almost vafueless 25 both are disorders of function not of structure
Further the statements of witnesses and not only kay witnesses are
notoniously unreliable In making 2 diagnosis reliance should be placed
onnformatron ganed by thorough observation of a spontaneous or induced
attack Certarn psvehiatne or phy sical features may favour psychoneurosis
on the ane hand o epilepsy on the other but undue w eight should not be
attached to this
The majonty of eprtepties have no warming whatsoever If they have an
aura iisodd and 1snat related to the avtonomic nervous system In sharp
COntrast va amotor 3yncope 1s ushered in with numerous signs and symp
toms of antonomue disturbance e & yawning pallor sweating coldness of
the slin z sinking feeling in the pit of the stomach general muscular
weakness subjective changes of temperature a feeling as 1f the blood was
all rushing downswards epigastric discomfore and nausea desire 1o mucty
rate ar defecate g feeling of bight headedness or famtness and so forth
The onset of epilepsy 1s nerther quick nor sudden 1t 15 instantaneous at
one moment the patient s 1n full possession of hus senses a spht secand
tater he 13 unconsciaus This means that he 15 unanare of the onset He
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may have a fit at mght 1n bed and know nothing of 1t Patients with vaso
motor syncope on the other hand, feel themselves famnting They lose
consciousness gradually and although the onset may be descnibed as quick
or sudden, 1t 15 never abrupt
The eptleptic may have a fit at any time when he 15 walling, standing
still, sttting lymng or sleeping when he 1s 1n company or alone but rarely
when his attention 1s concentrated Psychoneurotics famnt when standing
up rarely when siting and practically never when lymng they faint
company or when m reach of company rarely when alone They are
especially liable to attacks 1n closed spaces m church in the cmema and
1 circumstances that provoke emotional disturhance
In epilepsy muscle tone 15 usually increased so that the patient falls
ngid ike a nine pin or of heightened tone 1s asymmetrical or local he may
fall m a bent or twisted position He 15 usually discovered lying prone so
that he 15 apt to drown himself 1n shallow water or suffocate 1n hus pillows
In contrast the muscles are flacaaid 1n vasomotor syncope so that the
patient collapses Iike a house of cards his final position bemng determmed
by gravity
There are so many vaneties of epilepsy that 1t 1s difficult to describe all
the features which may occur during a fit but attention should be directed
to increased muscle tone seen especially 1n the ngid phase of grand mal
to clome or regular jerking movements of hand trunk or limbs to con
Jugate deviation of the eyes to one side to Jachsontan localisation and to
the epileptic march reflecting, the anatomy of the motor cortex Tonic con
traction of the jaws and protrusor spasm of the tongue may result 1n the
latter being bitten Incontmence of urine may occur If the central nervous
system can be examined duting an attack the eyes will be found open the
pupils dilated and 1nsensitive to ight the corneal reflexes absent and the
plantar response extensor
During the ngid phase of grand mal breathing 1s impossible the subject
becomes tncreasing v cyanosed the pulse rate and venous pressure rise and
the heart pounds During the physical effort as ociated with clonic convul
sions the cardiovascular system behaves as 1t does with ordinary exertion
In vasomotor syncope the patient lies flacaid and 1nert 1n a sprawled or
crumpled posttion and may well be on hus back He 1s deathly white and
often cold and clammy The eyes may be open or closed the position of
the upper hid being governed bv gravity The pupils are dilated and may
be msensttive to hight the reflexes and tendon jerks absent or depressed
The tongue 1s neser bitten but urime may be vorded The essentual feature
15 the Jow blood pressure which may be in the region of 50 or 6o mm Hg
more, often it cannot be determmed The pulse rate s slow normal or
quich In severe attachs shght twitching may be seen but 1s unec 30
The epileptic attack 1s measured 1n seconds or minutes and lasts
longer than three minutes Vasomotor syncope 1s more vanable 1igh
usually of short duration may last much longer even up to
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Consciousness ts regained as abruptly as it 1s lost in cpilepsy 1t1s regatned
gradually 1n vasomotor svncope

The eprleptic may plam of headache and 1 after an attack
and of generalised muscle pans and aches after grand mal but 1f he does
not pass off into a deep sleep and sf he does not suffer from post epileptic

he recovers pletely at once After vasomotor syncope the

patent feels weak and 11l he may complain of headache nausea or vorait
g of a continued feeling of funtness or light headednes of trembling
and shaking or of cold sweats He rarely recovers completely for half an
hour or so and usually likes to lie down untif he 1s better
Unfortunately hoth epilepsy and vasomotor syncope may be complicated
by suf po ed hysterical which being more dramatic tend to
impress both patient and witnesses to the exclusion of more vital pheno
mena This 1s one reason why historical diagnosis 15 often so difficult Pure
hysterical fits have to be differentiated and this may not alwavs be easy
either by cross exanunation of the panent or of a witness Hystercal
patients however never have an attach when alone never hurt themselves
and may remember too much about 1t such as being, aware of what 1s gomng
onbut being unable to move or lift a finger to help themselves Their move
ments during the pertod of alleged unconsciousness or trance lihe state do
not fit 1n with the epileptic march the duration of the attack 1s usually
longer and on recoy ery they do not complain of sore tongue sore muscles
or of having urmated Despute all these pornts of difference 1f both patient
and Iay observer are had witnesses the distinction between epilepsy
hystena and some other form of syncopal attack may be difficult In such
cases electrg encephalography may be helpful or the patient may be
admutted to hospital for observation and if no spontaneous attacks occur
one may be mnduced by the water pitressin test which depends upon the
power of water retention to precipitate an attack of epilepsv

The patient 15 put on an ordinary diet and made to drimk at least sr¢ pints
(35 litres) of flud dasly When the bodv weight has mereased by at least 3 Ib
(15 kg) which usually takes about 48 hours he 15 given o 2 ml of pitressin
wntramusculurly and 300 ml of water by mouth thereafter he 1s given o 5 ml of
ll;ulrcssm and 300 ml ‘of water every two hours to a total of ten doses 1f necessary

n epileptic subjects 1 fit 15 commonly produced after about the fifth or sixth
mjectron and allows a correct diagnosis to be made n over 85 per cent of cases

Another simple diagnostic method 1s the hyperventilation test which
may induce the patient to have one of his attacks

Vasomotor or vaso vagal syncope mitiated by hamorrkage or by any
other physical state which lowers the central venous pressure does not
differ clmcally from ats psychogenic prototype Careful analyws of the
circumstances under which the faint occurs may indicate the nature of the
causal agent

Syncope may be produced by the ntravenous injection of acetylcholine,
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mechohn (acety] beta methylcholing) and doryf {carbo amino acetylcho
hine) Loss of 1s preceded by flushing and a fechng of warmth
due to vasadilatation and by sweating There 1s commonly abdomnal cole
nauses or vormittng and desire to muctutate or defecate The bload pressure
15 Jow but the pulse rate accelerates Patients may complan utterly after
regaimng conscrousness saying they feel dreadtully weak  as of they had
been 1ll for months Ordmary therapeutic doses of mecholn and dory!
rarely cause syncope the dose must be large and given intravenously
Symptorms are relieved at once by 1 to 2 mg of atropme

The tntratenons tmgection of kistamne taay also cause syncope due to gross
general vasodilatation and collapse of the peripheral resistance 1 oss o
consctousness ts preceded by flushing and headache

An interesting and not uncommon farm of syncape in elderly subjects
may be closely d with flushing It s din T 1
women and v 1 men at the cl 1¢ Both flushes and fatmung
disappear foll g the ad atron of stdbeestrol 1 to y mg datly

Meniere s syndrome or aural vertigo may occasion difficulty m dagnoss
Vertigo 1s usually d by 1ts sp g quahity but ily there
18 D sp g but merely d mbalance, or sudden attacks
which the subgect 1s thrown violently forwards or backwarde Consclous
ness 1s not lost however tinnutus 13 usually associated and deafness can
nearly always be demanstrated

TRTATMINT OF 1 ASOMOTOR SYNCOPF

The causal agent should be sdentified and counteracted when possible
Osthostatsc hypotension may be 1mproved by an abdominal binder or by
bandaging the imbs Provocatne postures should be avorded and patients
should be mnstructed to stand up slowly Sulbestrol may be tried 1 mena
pausal subjects

Psychogenic syncope catls for reassurance and psychotherapy for the
fear of fanting encourages the famnt TFortunaely there 15 no danger
attached to vasomator syncope Patients usually have sufficient warning 10
ward off attacks by lying, down or by sitting with the head betneen the
kners Cool fresh air and bathing the face with cold water are helpful
Brandy sal volanle and cther shmulants may also be piven or a glass of
cold water may be preferred Half an hour on a couch in quiet comfortable
and sympathetic surroundings consolidates recovery

CIRFBRAL Syacorr
Cerebral syncope may result from cerehral vascular spasm or transient
occlusion  The fault 15 local
Hyperventilation svacope 15 the best example Forced breathing results
1n carbon dioude washout with secondary tissue alkalosis Carbon dioxide
ordananty helps to mamtain an adequate degree of cerchral vasodilatation
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{MNoreross 1938) s fach causes cerebral vasoconstriction s induces
dizzness within 3 munute 1 most normal individunls undergomg foreed
breathing  If hypenvenul 1 d long enough svacopc may
occur Spontancous attacks are seen in hystera and sometimes m en

cephalins lethargica  $here 1s usuatly associated vasoconstriction i the
extremities wath paller cyanoss and tnghng of the finpers and tocs and
there may be tetany "The blood pressure 1s mawntained or rased owmg to

;1 asoconstriction the latter tending to prevent reduction of cerebral hlond
oW

Forced breathing may b used a3 a test m cases of syncope to discorer
whether an attack can be reproduced It should be remembered howerver
that epilepsy 1s sometimes excited by hvperientilatton sa that the dgnosis
depends upon the nature of the 1nduced attach not upan the simple fact
that consciousness 1s last | he effects of spontaneous hy persentilation may
be quickly abohshed by the inhalation of carben dioxide This may be
accomplished by breathing 1 and out of 2 paper bag or long rubber tube

Loss of conscrousnecs due to hy pertensn & encephalapathy or to cerebral
rascular Jesions with or without associated spasm of cerebral vessels 15
usually cafled coma unless convulsne epilepsy occurs ¥ mbohsm howerer
espeanally when due to e or fat may prosoke an atack which fulfills the
definimon of syncope The anset 1s abrupt and recovery may be remarkabh
grlc‘k and complete if the embolism moves on or if spasm passes off sud

23343

Loss of conscipusness occasionally occurs m VMuniure s syndrome but s
then probably a vaso vagal reactton

Bulateral carotid compression an old ju ptsu tnck 1s a most effective way
of inducing unconscrousness 1 an ads ersan

ANONIC SYNCOPE

Loss of conscrousness resulting from most causes of anokia 15 desenbed
a8 asphyvia or coma Anowic syncope however mav occur w congenital
heart disease with night to left shunt when some facter suddenly reduces
the amount of blood sent through the lungs this factor mas be something
which increases the volume shunted such as effort or sScreaming or 1t May
be sareething winch reduces the venous fetusn to the right auncle such as
3041l advised venesection or the sudden adeption of the upnight posture
by 2 bed ridden patient

Sy ficope tn pilots used to be due to anowa at hugh alutudes but this has
been overcome by the controlied use of oxygen Nowadays it 1s chiefly
assactated with power dives and 1s governed by centrifugal forces Syncope
N anzmie subjects 1s usually vasornotor or vaso vagal amcruta merely
acting as a predisposing factor
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CONGENITAL HEART DISEASE

COBGENI'I AL anomalies account for 1 to 2 per cent of all cases of

organtc heart disease (Brown 1939) They are not hereditary and

they are rarely famihal The majonity are due to defective develop
ment between the fifth and eighth week of feetal fe some depend upon
persistence of certan parts of the feetal esrculanion which should become
obliterated at birth a few appear to be caused by nfection i utero or are
assotiated with German measles 1n the mother (Swan 1943) Other con
genital abnormalities are found in at least 10 per cent especially arachno

dactyly and mongolism Twins whether dizygotic or sdentical are rarely
both affected

CLASSIFICATION

Tt has been customary to divide congemtal heart disease into acvanotic
and eyanotic forms and ta subdride the latter mto types with permanent
cyanosis (morbus ceeruleus or blue babtes) and types with late termunal
Or transient cyanosts (cyanose tardive) ‘This has never proved entirely
satisfactory and a new classification 15 therefore offered It 1s based on

2 series of 200 proved clincal cases (Wood 1950) and takes function into
account

NO SHUNT

LEFT SIDED RIGHT SIDED

gc‘:rrourd a Coa ctation of the rta | Idopathc dil tation of
b pathie hypest ophy R gh sided sort ¢ arch the pulmonary a tery
Yon Grerke s dy case Corrplete or ncomyl te | Simple pulmonary sten
Heart Block aort ¢ rings 05
M hal card o negaly Bicu pd sort valve (o [ Ebsten dise
sup rnumer ry cusp )
Aort o sub ruc ten

o
Left coron ry artery s -

ng from pulmonary
{\ artery
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CONGENITAL HEART DISEASC

WITH SHUNT

ACYANOTIC
LEFT TO RIGHT SHUNT
(pulmonary plethora)

RIGHT TO LEFT SHUNT

Left ventriculer entaryement
Patent ductus

DIAINISHED PLLMONARY ALOOD FLOW

‘ CYANOTIC
‘ LOW P A PRESSURE

Ventricular septal defect (with or
without mild pulmonary stenosis)
Perforated aortic sinus mto PA or

RY (orRA)
Aorto pulmonary septal defect

1 Left tentricular enlargement
Tricuspid atresia
2 Rught wentricular hy pertrophn
Tallot s tetralogy
Pulmonary atresta {Tallot
type)

Right ventrict lar enlargement
Atnial septal defect
Anomalous pulmonary vems joming
SYC orRA

Persistent truncus
Pulmonary stenosis with re
versed interatral shunt
MIGH P A PRESSURE
Eisenmenger s complex
Pulmonary hypertension with
reversed aorto pulmonary
interventricular or inter
atrial shunt
PULMONARY PLETHORA
| Transposition

DENTROCARDIA

Mirror 1image dextrocardia 1s almost invanably associated with com
plete transposition of the viscera  The heart s functionally and struc
turally healthy The electrocardiogram for obvious reasons shows reversal
of all complexes 1n lead 1 with eads 2 and 3 nterchanged (fig 7 o1)

prrer—— -

— Ftectrocardrogram showing reversal of all complexes in lead 1 while leads 2
Fig yo1— Ll and 3 ate interchang,
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IDIOPATHIC HYPI RIROPHY OF THI HLART y
A rare condition niot eften compatible with more than a few years of he

15 that ch d by generad enlarg of the heart pmgmxsxfn;‘: 1:

o
carh fadure Some of these cases have proved ]m be examples om o
Gierke s disease the enfargy being due to gl

here 1
muscle fibres of the heart as well as in the Iner and other organs 1
acetonuria a low fasting blood sugar and a flat blood swpar cun: fc‘;ll:‘;;:\cr:‘g
the mjection of adrenaline ndicatng faslure of mobihsation o Rﬁ?om o
Others are due to an anomalous angm of the left coronan ar;]:ry om the
pulmonary artery (Bland Whate and Garland 1933} Yt ot cr:qr; e
be cases of 1safated myocarditis {Fredler s cardatis) Theret:cr;\:u n gf e
n which the etiologn 15 obscure {(hugel 1939} gross thid) cm'gJ e
endocardwm with embryonie my ussue richly drr e the
elastic fibres (fibroelastosis) 85 usually fm;n;l{ at ;‘m]c;n;:; gs)m ma

rimany developmental defect (Glynn and Remho
’ Th:) heart lspgmssl:Y enfarged but remawns normal m shape (gché;ed l:x:g:
Re murmss or other specral features The diagnosts depends an nen
of gross carduac enlarg for no 2pp reason Lhep
ard there 1s no effectse treatment

FANHILIAL CARDIOMEGALY
From tme to tme cases
of rdivpathre cardiac en
largement ate encountered n
young subjects for which there
18 23 yet no adequate ex
plamation X\ rays show con
siderable cardiae enlargement
particalarly of the left ven
tricle {fg 702) Left bundle
branch blech 13 usually found
These patients are apt to die
suddenly presumably  from
ventneular fibnllation  or by
degrees from congestve heart
fadure when snil relatively
young
Some of these cases appear
to have 3 famifial baws (Addaru
e al 1946 Evans 1947)
:;:;:5% e;;;:;fm‘;“‘ OB o Unevplan d cx d < el g mens

aa 1t ey young man (there was also | ft
Gretke s disease isolated myo bundle branch block)
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cardiis nutntional cardiopathies and abnormal coronary vessels must
be excluded

COARCTATION OF THE AORTA

The word coarctation comes from the Latin coarctatus meaning
pressed together tightened or contracted As appled to the aorta 1t
means a stricture of the arch usually just below the onigin of the left
subclavian artery

Embryology It will be recalled that there are two pnimitive aortas each
having a ventral and a dorsal part jomed by an arch These three parts are
called respectnnely the ventral aorta, the dorsal aorta and the first aortic
arch In front the two ventral aortas fuse to form a single tube from which
develops the primitive heart thetruncusartertosus and the commonyentral
aorta Thetwo dorsal aortas also fuse between the fourth thoracic and fourth
lumbar segments forming a single trunk the common dorsal or descending
aorta Caudal to the first parr of aortic arches spring five other pairs the
SIX cor ding to the six branchial arches (fig 7 03a) In fishes these si<
vascular arches perstst and
supply the gills with blood for

P

oxygenation
In man and mammals
g subsequent  development 1§

illustrated m figure 7o03b
The fist second and fifth
arches disappear The third
becomes the common carotid
artery the external carotid
springing from 1t antenorly

@ ()

via

Fig 7 03 (9—The six primitnve gort arches D€ internal lmking. up
(b) Subsequent arrangement of the six pum:  the  cranmal portion of the
tive aortic arches in man (see text) dorsal aorta The faunh arch

becomes the prowimal part of the subclavian artery on the mght side
and the final aortic arch proximal to the junction of the ductus arteriosus
on the left The sixth arches are separated from the 2ortic system by the
aorto pulmonary septum which dinides the truncus into anterior and
postertor halves the anterior half becomes the ascending aorta the posterior
the pulmonary artery The drviston of the truncus extends cranally to 2
pomnt just beyond the anterior ends of the sixth arches the mouths of w hich
are included 1n the postenior section and therefore 1n the pulmonary system
On the nght side the sixth arch becomes the nght pulmonary artery and
loses 1ts connexion with the night dorsal aorta on the left it becomes the
left pulmonary artery and preseries its connexion with the left dorsal aorta
in the form of the ductus arteriosus While these changes are gong on
harmonious alteratrons tahe place n the ventral and dorsal aortas In front
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the two ventral aortas fuse sto a single ascending aorta as already indi
cated Tchind the dorsal aortas undergo conssdesubl g the
upper part forms a portion of the internal caroud artery as previously
descnbed the segment between the thrd and fourth arches disappears
caudal to the fourth arch the dorsal aorta disappears on the nght side
except for that part of tt which 1s mcorporated 10 the nght subcknian
astery and forms the posterior part of the zortic arch on the left sude The
feft subclavian artery ks up with the left dorsal sorta just below the
unction of the sixth arch s just below the ductus

Many anomalies may result from faulty deselopment of this zoruc
system Thus the caudal part of the nght dorsal aorta may perust so that
there are two aortic arches or the caudal part of the left dorsal aorta may
disappear 1 fasour of the right so that the final aoruc arch 1s nght sided
"The most important however 1s partial obliteration of that part of the left
dorsal sorta which hes between the fourth and srcth arches 1 ¢ just aboe
the ductus or between the sixth arch and the point of fusion of the tso

dorsal sortas 1e just below the ductus This short segment of the sorta s
often called the isthmus on

account of the frequency with

which 1t s narrowed but 1n

coarctation or isthmus stenosis

narrawing s extreme and

often  remarkably  abrupt

There ate two mam types

miantle and adult (Bonnet

x903) In the former (fig =

7042) the constrction 13

above the ductus which re @ o -

Fg 7os—Digram illustrating the three
mams  patent and carnes ¥ n"wpea of cosrctation of the sarta
venous blaod to the descend {a) Infant te soe thdp:(em ductus feeding

the descend ng sorta
mg 3orta being mcompatible {ty Common adult type
with more than a few years of (¢ Aortic awes a w th patent ductus { d g
fife 3t wall ot be further con the whole system ¢ earculat on

sudered In the fatter {fig 7 o4b) the ducius 15 closed or of patentzthe
constnetian s below 1t so that i plays no past i compensating for the
defect Aortic atresta with a patent ductus feedmg the whole systemsc
areulation (g 7 04¢) constitutes a third type (Bramuell 1947) but such
cases all dien mnfancy Other vanants of these three main ¢y pes have been
descbed by Esans (1933)

Hemodynamses The chmcal features of the adult form of coarctation
depend upon the mechamcal effect of the constriction and upesn the
deselop of an ext Hateral Nuch wse i3 made
of the branches of the subclavian artery epg the supemor mtercostal
and the internal y with ats ! supenor ep and
musculo phrense rami also of the thoracic and subscapular branches of the
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axiflary arters These vessels inh up with the mtercostal branches of the
descending aorta and with the mfertor epigastric branches of the femoral
artenes and so by -pass the constricnon The blood pressure 1s elevated n
vessels ansing from the zorta above the 1sthmus below 1t the systolic
pressure 15 reduced and the dastobe raised the mean pressure often beng
still above normal The cause of the hvpertension 1s uncectan The ratsed
mean pressure in the legs does not support the mechanical hypothesss

Renal 1schaemua was blamed by Ry tand (1938) on the grounds that hsper

tension was only produced expenmentalh when the aorta was constricted
above the ongin of the renal arteries but the renal blood flow 1 climeal
cases of coarctattont appears to be normal The truth may not be discovered
unti the cause of essentral hy pertension 1s hnown

CLINICAL FEATURES

Coarctation occurred 1n b per cent of the authar s sertes of 200 cases of
congemtal heart disease 1115 suud to be 4 to 5 nmes more common 1n ment
than m women but in the authors senes the sex ncidence was equal
Hy pertenston ts usually considerable m degree and may be discovered 18
childhood Patents may complam of nose bleeding or of undue throb-
bing M the usual features of hy pertensne heart disease are present and
this 15 responstble for death from congestive fallure 1n about 4o per cent
of cases (Abbott 1928) Renal farlure does not occur because the kidneys
are protected by the leston but cerebral acudents are not uncommon
Other symptoms include gnawing pains m the shoulder girdle, chest or
back cold feet and occastonally mtermuttent claudication

The major penipheral artenies should be palpated as a routine m all cases
of hypertenston In coarctatton femoral pulsation 15 not onls feeble but
delayed and pulsation in the po.terior tibtal and dorsal artenses of the feet
may be absent If the blood pressure n the legs can be measured at all by
the cuff method 1t will be found to be lower than in the arms but if mea
sured directh by means of a needle m the femoral artery and an electrcal
manometer the dustolic pressure 1s found to be rarsed though the syvstohe
ss reduced n other words the blood pressure in the legs approaches the
mean pressure the amphtude of pubauon being dimimished (Brown ef af
1948)

A mutral duastohe murmur 1s by no means uncommon even m early
childhood and 1s usuaily attnbuted to comcident rtheumatic endocarditts or
to established mutral stenosts There 1s no esidence as vet that such a
murnaur 1 ever functional 1n coarctation

The collateral crrculation provides the majonny of the physical sign¢
enlarged tortuous yessels grving nise to unusual pubations and murmurs
Pulsation of some of the mtercostal arterses can usually be seen and felt
postensorls especrath of the subject bends fornard and may be associated
with simlar murmurs  Radrography may reveal notchung of the miesior

borders of the nibs (fig 7 ©,) due to pressurc eroston (Rasfsbach and Dock
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Fig 2.85—Natching of the fenar horder of
the nibs due 10 pressure erosion from enlarged sora b means of snmocardographn
ntercostal arte;

Fig ~ 66— sualisation af coreceat an of

Cou 14 Ballac 8 sdemy
The aomc knuckle 15 elonmated  and rv

formed by 2 grossly enlarmed lefr subels 120
artery

39+9) this may be seen 1n children as voung as stx but 1s more obvious
m adults

The constriction seself 15 difficult 1o see fuoroscoprealh but may be
demonstrated clearly by means of angiocardiography (fig 7 66) (Gnshman
Stemberg and § 1941) or arad fis (Broden Hanson
and hamell 1948) Hypoplassa of the aortic knuckle as seen sn the ordinary
amterc-postenor skiagram 13 suggestine especially when assomated with
left rentneutar enlargement 4 double aoruc knuckle representing the
blind ends of the a0r1a ahove and befow the constriction 15 dugnastie
{Bramweli 1947} 1t 2s usuat for the upper knuckle to be elongated bemng
formed by a grossly enlarged left subelavian artery {fig 5 05)

ASSGCIATED PHENOVIEAA

Bucustnd aortc valee may be assoctated (11 per cent in Abbott s series
(1928) 42 3 per cent m that of Retfenstern ef af (1947) ) and may fead to
@oth” incompetence under the stress of the hypertension Patent ductus
artertosus with the usual chinical features occurs m 3o per cent of adult
coarctabions (Bramwel} 1947) Owing tothe hugh pressure gradient between

the arch of the aorta and the pulmonary artery the bload flaw through the
a




210 DISEASES OF THE HEART AND CIRCULATION

Fig 7 07 (a)—Coarctation of the aorta asso Fig 707 (b)—Suntdar case but without
ciated with patent interventricular septum necropsy proof
proved at necropsy

ductus may be enormous the pulmonary vessels are thus unusually dense
and dilated the left aunicle may resemble that in mutral stenosis and there
1s often a mtral diastolic murmur At the same time the systemic collateral
arculation may be less an evidence owing to the ready escape of aortic
blood mto the pulmonary circulation
A very similar picture may be seen when coarctation 1s assocrated with
patent interventricular septum the high pressure 1n the left ventnicle
caustng an unusually large left to nght shunt In a case investigated by the
author and subsequently proved at psy the mean pul y artenal
pressure was 130 em of saline whilst that 1n the nght ventricle was 65 to
82 Samples from the pulmonary artery were 86 per cent saturated with
oxygen from the middle of the nght ventricle 70 per cent and from the
right auricle and superior vena cava 6o per cent Chimeally coarctation of
the aotta was recogrused by the presence of high blood pressure in the
carotid and subclavian arteries (160/to0 mm Hg 1n a boy of six) with an
ymmeasurable pressure 1 the legs but there was hittle evidence of 2
collateral arculation The pulmonary arteries were grossly engorged
radiologically (fig 7 07a) there was a pulmonary diastolic murmur at the
base and a mitral diastolic murmur with triple rhythm at the apex Despite
the absence of a machinery murmur patent ductus arteniosus was behesed
ta be responsible for the shunt and seemed to be confirmed by the catheter
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findings the rased vy gen content of the nght ventncular sample being

buted to pul \ ¢ At necropwy  cosretation of the
aortrof the adult ty pe was associated with 2 large defect of the membranous
mterventricular septum The aortic cusps Were normal the aortic ning
admurted only the tde finger and the ascending aorta was small The
defect 1n the septum admutted the middle bnger whilst the pulmonan nng
admutted both nuddle and fore fingers A vers small patent ductus jomed
the norta below the isthmus Although the buge pulmonary artery dud not
sit astnde the septal defect there could be no doubt that the major porton
of the left 1 was expelled snto that vessel Ihe mtral
dustolie murmur was clearly functional for there Was no sygn of mutral
stenosis Both sentricles were greathy enlarged the left rermning its natural
dermunance A second example 1n a man with preasely the same climeal
features ts Whustrated s fig 7 o7b Cardhiac cathetenisation excluded atrial
septal defect but did not di tingansh patent ductus with pulmonary mcom
petence from mterventnicular septal defect fhe patient died later from
congestne heart farlure but there was no necropsy

Bactenal endartersns may affect the 1sthmus or an associated breuspd
aortic vahe Y1 develops 1n about 20 per cent of cases Berry aneurysm may
oceur m the regum of the circle of Willis and may result i swbaracknmd
hamorrhage especially tn those with higher blood pressures Death from
subarachnoid hemorrhage accurred i g per cent of 200 cases reported by
Maud Abbott (19.8) Someumes there ts no aneurysm but the media or
elastic issue 15 defectne {Glynn 1930} Similar defects may be found m
the aorta and may be responsible for the frequency with which st Tuptures
(39 per cent of Abbott s senies )} Varations in one or other subclarian artery
occur m abowt 5 per cent of cases {hing 1937} and mav be due to its
anomalous (Cast 1932) or stenotse (I ove and Holms 1939) ongin

PROGNOSIS AND TREATMENT

Although many patients Ine well into nuddie Iife without serous handt
cap some even to the esghth decede the majority sucoumbr betneen the
ages of 20 and 40 to one of the compheations mentioned above (Abbott
1928) The average age of death 1 35 {Rerfenstein  Levine and Gross
1947) Surgeal repar {Crafoord and Nyln 1945) should therefore be
affered The physiologcat results of such an operation are usually good
the bload pressure falls sympioms disappear the heart becomes smaller
and 1t may be assumed that the nske of mtracranial haraorrhage aortic
rupture and bacteral endocarditis are dimmsshed Cratoord {948) had
successfully separred 22 cases with only two deaths up to July 1947 The
ages of his patients ranged from 11 10 27 but late chiddhood {age 8 to 12}
may be the best time for the operation Of 52 cases operated on by Gross
{1949) there were 7 deaths 4 faslures and 41 cures m this senes there
were eight additional cases that were conssdered moperable A mortahty
rate of 18 per cent amongst 128 surgically treated cases m different centres
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was reported by Shapiro (1949) The chuef dangers appear to be sudden
cardiac asystole when the aorta 1s clamped especially if a large left sub
clavian artery has to be mcluded 1n the clamp and tearing out of sutures
from a hypoplasic sorta distal to the constriction Pre operative preparation
and choice of anmsthetic designed to prevent an undue nise of blood
prescure when the aorta 1s clamped may help to reduce the first nisk

BICUSPID AORTIC VALVE

Bicusprd aortic valve cannat be diagnosed clmically withouat aertic incom
petence or superimposed bactenal infection ‘The former 1s unusual unless
there 1s hypertension or infectton for 2 healthy bicuspid valve may be
competent against a normal blood pressure Dacterial endocarditis atticks
about one-quarter of all cases

AORTIC STENOSIS

\ortic valvular stenosis 1s rare It differs little from acquired aerhic
stenosis but may be accompanited by stunted growth and weak physreal
development The majonty die young

Subaortic stenosss 1s perhaps less rare (2 per cent) The leston which
affects the outflow tract of the left ventricle 1s due to defective absorption
of the primutive bulbus cordis A perforated membrane hes prowumal to
the valve The clineal festures differ from those of valvular stenosis in
that the aortic second sound 15 clear the penpheral pulse usually normal
the left ventricle but hittle enlarged and the progrosis apart from the rish
of bacteral endocarditis excellent The dagi 1s not excluded by the
deposition of calcum Some of these cases are mistaken for the Maladie
de Rager

Both forms are more common 1 males than 1n females

IDIOPATHIC DII ATATION OT THI
PUI MONARY ARTLRY

Cases are seen oce Iy with Jerable dil. of the pul ry
artery without obvious cause {Laubny Routier and de Balsac 1gq1) If
there 18 1 pul Y p ¢ the nght ventnele enlarges
and partial or complate right bundie branch block may follow as1n atrial
septal defect The pressures 1n the right side of the heart are normal and
the putmonary blood flow 1s not d lhe \ ray app differ
from those of ASD 1n <howing normal pufmonary vessels beyond the
o man branches The prognosis is relatnely good
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NTRIAL SLPTAI DFLICT
Embryology Atral scptal defeet refers to a relatnsely farge non valvalar
openng 1n the atrial septumn through which blood rmay flon erther way
Embryologically the atnal septum 1s formed i the first place by the sickle
shaped septum primum which grows fornards from the dorsal wall of the
commen ausicle dividing st into tao For a ime communication evsts
between the tno auncles m front of the creseentic edge of the growng
septum §f development 1s arrested at this stage a septal defect results and
ss situated 10 the lower anterior part of the septum pust below and usuath
meluding part of the fossa ovalis When grouth proceeds normally this
hole 15 obliterated and a new one the foramen svale appears sn the upper
and dorsal part of the septum primum  arrest at this stage results na defect
Just above the site of the fossa oralis Wath further normal deselopment the
foramen o3vale comes to hie more antectorly and 1s turned mto a valve by
the growth of the septum  ccundum on the right side of the septur prmum
and covering 1t at all points except over the area known as the fossa ovalis
When the septum sccundum develops fully and the septum primum
degenerates completely the defect accurs at the site of the fossa ovalis
In patent foramen orale the septa arc fully dereloped but imperfectiv
fused When pressure 1s apphied to the night side of the fossa ovahs the
septa are parted blood penetrates between them and escapes into the left
auncle through the patency 1n the upper part of the septum primum known
as the foramen orale proper In fretal life the refatively hugh pre sure m the
night auncle keeps the vahe open and causes blond to be shunted from
night ta left in order to avoid the pulmonary circulation At birth the pres
sure nises in the feft auncle and forces the septum prmum agamst the
septum secundum thereby closing the vahe In 8o per cent of all mndns
duals fusion then takes place between the two septa and the foramen orale
ts permanently closed In the remaming 20 per cent fusion fails and vatvular
patency 0 1y 1t causes terminal n d
such as pulmonary heart disease 1n which the nght auncular pressure may
come to exceed the left

A cardiac catheter may ship through a patent foramen osale inta the left
auricle sathout difficulty and may enter the left venencle {fig 7 oBa) or any
of the pulmonary vems (fig 7 o8b) Thep and el 1p i
in these chambers may thus be obtamed m favourable cases tncluding
othervise normal hearts The mean left auricular pressure appears to be
3to 5 cm of saline shove the sternal angle and 15 disunetly higher than the
nght Pulmonary venous samples have always been about 95 per cent
saturated with ovygen whatever the panent s condition {this mcludes
Fallot s tetralogy and other cases of cyanotic congenttal heart disease but
not anouce pul y heart disease) U pl d patent farvaen ovale
35 easily distingmished from atrial septal defect because of the absence of
any apprectable iter auncular shunt as judged by samples from both
auncles and ther respective venous systems




5 7 08 (a)—Catheter in the left ventricle via
a patent foramen ovale

’

it

Fig 708 (b)—Patent foramen osale proved
by cardiac catheterization the catheter has
entered a pulmonary vein and has been pulied
taut The sharp angle to vacds the end of the
catheter represents the foramen ovale

Fig 7 og—Catheter m left strial sppendage
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(3) Facees {note bafateral tnidectomy) £6) Showwg high arched patate and deformed
te th

{c)Spd fingers

¥g 7 ro—A case of arachnodactyly
Thapatt atwes 6 ft b gh and also showed hypotoniz scat osis and Fat Teet
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Another interesting anatomical study connected with this work has been
the locatton of the left atnal appendix which has always been on the left
border of the heart between the pulmonary arc and left ventricle {fig
7 09)

Heamodynames The defect 1n the septum 1s usually 1 to 3 em 1 dr
mezer and carries a considerable shunt from left to nght auncle the
pressure bemng higher on the left Oxygenated blood 15 thus added ta the
normal sntahe of the right ventsicle the strake output of which 1s cor
respondimngly mcreased The situation 1s met by night ventricular enfarge
ment and dilatation of the pulmonary artery Left auricular leahage deprives
the left ventricle of sts full intake the left ventricular strohe output 1s
diminished the left ventricle and aorta hypoplasic and the pulse small
Progressive nght ventricular enlargement eventually leads to fmlure the
pressure 10 the right aunicle then nises and 1f st exceeds that in the left the
shunt s d and cy develops Acquired pul y hypertension
may have a sumlar effect

Inadence AS D accounted for 17 per cent of the author s unselected
sertes of 200 proved cases of congemtal heart disease It shows a strong
preference for females the sex ratio being 4 1 i therr favour Associated
mitral stenosis (Lutembacher s syndrome} ss remarkably common espect
ally i females being present wn about 33 per cent of all cases Other valves
may also be affected and adhesive perscarditis 13 not mfrequent It may
be sigmficant that cases of arachnodactyly which appears to bear some
relatronship to atrial septal defect are also prone to deselop rheumatic
mamfestations

Arachnodactyly (fig 7 10} 15 an heredstary and famulsal disorder of mese
blastic growth and is character: ed by elongation of the fingers and toes
thin facies talf lean busld hypotonia (and its consequences) dislocation of
the lenses high arched palate and pigeon chest Cardiac abnormalities
espectally atrial septal defect are associated n 4o to 45 per cent of cases

CLINICAL F'EATURES

“Lhere may be no symptoms until the third or fourth decade effort
toferance bemng good and cyanosts absent hemoptysis did not oceur 1 6.
cases anadysed recently at the 1 of Cardiology Between the ages of
25 10 45 however congestive fulure usually deselops and may be asse
ciated with the sudden appearance of central cyanoss

Physical signs include a small or normal peripheral pulse a normal
jugular venous pressure without 2 conspicuous a wave vmbleor palpable
pulsation of the pulmonary artery and outflow tract of the right yventricle
a pulmonary systolic murmur with or without thnll and a widely splhit
second sound at the hase without accentuation of the sccand or putmonary
element not anfrequently there 15 also a basal diastolic murmur due 10

I pul y p (Graham Steell murmur} At the
apex beat only the tap of mitral vahe closure may be discerned but




Ti, 7 r1—Skiagram of a case of atrial septal

defect showmng gross d latation of the pul

monarv artery and 1ts b anches enlarg ment

of the rgrt suncl ard hypopla 1s of the
aorta

€1 Ante o poste o vev (8) Furst obt que pasivon howing d latabion
£ th

Fig 7 12—1 stembacher synd om

ft auncle
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occasionally the cardiac impulse 15 tumultuous bemng formed by the dis
tended night ventricle

Thoroscopy in well de
eloped cases (fig 7 11) reveals
gross  didatation  and  con
spicuaus pulsation (hulae dance)
of the pufmonary actery and sts
branches considerable enlarge
ment of the nght auncle and
ventricle  hypoplasia of the
aorts and lcft ventrele oand 4
flat left auncle In Lutem
backers svndrome {fig 712}
the left auncle i also enlarged
and the nght mare so I Jess
advanced cases however and
especally i chdren  the
changes deseribed may be much
less noticeable (fig 7 13)

¥lectrocardiograms  show
partial oy complete right bundle
branch block tn g3 per cent
of cases {fig 714) Auncular
fibrillation oueurs in 10 to 20
per cent and 1s usually due to assouiated mittral stenosss The extraordinary
frequency of rght bundle branch block s mteresung w view of the rel2
tively low pressure in the nght ventricle, and suggests that dilatation of
that chamber 15 respansible The wide splitting of the second heact sound
mav well be due at least in part to the conduction defect

The diagnosis may be prosed by obtaning <amples of relatvely oxy
genated blood from the nght auricle nght sentricle and pulmonary anery
by means of cardiac catheterisation when szmples from the vene tas®
<how ordinary venous blood (Howarth McMichael and Sharpey behafer,
1547) In tuenty five cases investigated by the author (fir, 7 15} samples
obtatned from the nght auncle nght ventncle and pulmonary artery
differed fHiitle and ranged between 81 and 9o per cent saturated with
oxygen caval samples being normal (62 to 73 per cent saturated) Samples
from the pulmonary vemns left auncle left ventricle and femoraf arterv
were atways betwecn g1 and g6 per cent saturated Mean pressures in the
pulmonary artery were lower than expected all but one ranmng betseen
6and y8Bmm Hg, sbove the sternal angle The mean left suncular pressure
was disunetly rased and was 10 cm of salne in one case presumably
because of the increased quantity of blood m the lungs This suggests
that an ateeal septa) defect 1mitiates a vicious arcle for the shunt apparently
\nereases the pressure gradient between the twe auncles—as long a8 the

Fig 7 33-—Atrial septal defect 1n a cinid aged
10



biz ¥ 14 —Flectrocarduwgram m 8 ease of atnial septal dlefect showmg
upht bundle branch block

ASD
Fig 715~Funcuonal studies n stoal sept §
dfet (P=mewn prewm e i om of alne
#xbo e the stern ! ngle
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night ventricle functions efficently Simple calculations reveal that the pul
monary blood flow 1s usually two to three times the systemuc flow and s
of the order of 10 to 15 litres per mmute

Angrogratns are less helpful but an aruficral shunt from night to left
auricle may be demonstrated sometimes owing ta the sudden rise of nght
auricular pressure re ulting from the large bulk of flutd mjected sa quickly
and forcefully

PROGNOSIS AND TREATMENT

Up to the age of 25 or so there 1s lietle disabilsty  but the situation may
change radically durmg the fourth decade when heast faslure (and perhaps
p ) may develop B ! endocardites s extremely sare
The average age of death 1s 35 to 36 with or without mitral stenosss
{McGinn and Wihite 1933 Roesler 1934) but several cases over 7o have
been recorded

Restriction of effort ts advisable even when there are no symptoms fos
the right ventricle must be spared unnecessary worh Should permanent
central cyanosss develop digitals and mercunal dwretics hould be given
whether or not there 15 aunicular fibnifation and whether or not signs of
systemic congestion are apparent for heart fatlure must be inferred {unless
there ss tricuspsd meompetence)

Surgical repasr 1s 1 the expenmental stage (Murray 1948)

VENTRICUI AR SEPFAI DLFECT

Ventncular septal defect commonly refers to an isolated defect of the
membranous part of the nterventricular septum due to farlure of the
aortic septum to fuse with the ventricular septum  Diagnosed clhinucally for
the fiest tirne by Roger (1879) the lesion has been said to account for 35
37 per cent of all cases of congenital heart disease recogrssed at school age
(Perry 5931 Mute and Brown 1934) Such high figures probably include
nstances of subzoruc stenosis ssimple pulmonary steposis matral meom
putence and mnnacent parasternal murmur

In the author s seties of 200 proved chmeal cases of congemual heart
dhisease 1solated VS D occurred 1 32 per cent and VS D with ssimple
pulmonary stenosts 10 an additional 2 per cent

HAEMODY NAMICS

Functional studies by the author mn 16 unselected cases of VS D bare
shown mean pulmanary artery pressures of 7 10 g, mm of Hg the
pressure being propottional ta the shunt and to the peripherat pulmonary
resistance The Iatter was increased in three and reduced i four True
pulmonary hypertenston from an mncreased resistance was not due to the
size or duration of the shunt but to some mherent or prcdctcrmmcd
factor Samples from the night aurscle have been normal (58 to 76 per cont
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saturated with oxvgen) At a low level 1n the nght ventnicle just proximal
to the pulmonary salie and 1n the man trunk of the pulmonary artery

saturation figures were stmilar and were in the region of 81 to 86 per cent
saturated
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Fg 7 17—Skiagram of a case of ventncular
septal defect w th cons derable increase of pul
monary blood flow

Fig 716 \aladie de Roger—\ ray
appearances

The degree of shunt from left to nght ventricle may be caleulated bv

finding the difference between the blood flow through the pulmonary
artery and that through the tricuspid valve

Shunt flow = pulmonary flow ~tricuspid (systemic) flow
o) [¢]

a— a—v
where O 1 the oxy gen conslzxmphon mml per mnute
15 the oxygen content of artertal blood
P 1s the oxygen content of pulmonary artery blood
* 15 the oxygen content of mixed venous blood tn the right
aurncle
1In the case mentioned above the pulmonary blood flow ranged between
i /::d 4 tumes the systemic flow and was wsually between 1t and 16
n
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CLINICAL FEATURES

The majority have no symptoms but severe cases may develop con
gestive fardure in chifdhood or adolescence There 1s no cyanosis
‘The pulse 1s small or normal and the jugular yenous pressure normal or
shghtly rased The cardiag 1mpulse 1s left ventrcular m type and usually
hyperdynamic the nght ventricular outflow tract 1s mchmed to be hitng
and pulmonary artery pulsauon may be visible or palpable A systolic
thrll and murmur are nearly always present and are commonly mavimal
m the thid and fourth intercostal spaces at the left sternal border but
may be higher A funcuonal mitral diastolic murmur due to a torrential
mtral blood flow 1s heard 1n at least half the cases and m nearly all severe
cases The second heart sound at the pulmonary area 1s normally sphit,
the second or pulmonary clement beng commonly accentuated A func
tionat pulmonary diastohe murmur occurs m about a quarter of the more
severe cases
The electrocardiagram 1s normal i muld cases but shows prommnent
Q waves and tall R waves {with or without T or U wave changes) m feft
sentricular surface leads and conspicucus secondary R wanes wathout
much widening of QRS m leads V1 or V2 sn the majority appearances
suggestimg both left and right ventricular enlargement
\ rays rescal pulmonary plethora 2 varymg degree of dilataron of the
pulmonary artery and left ventricular enlargement n all but the mldest
cases {figs 716 and 7 17) app that are ind hable from
those of patent ductus
It will be apprecsated that these chinteal features are not those described
by Roger 1¢1s supgested therefore that the term Maladie de Roper
should apply only to muld cases which show nothing abnormal apart from
the Roger thnll and murmur se to about one guarter or at maost one
third of all cases of VS D
In differential diagnosts the maladie de Roger must be distngmshed
from nnocent parasternal murmur subaortic stenosis mld pulmonary
stenosss and orgame mitral incompetence V.S D s ats vader sense 15
more likely to be confused with atnal septal defect or patent ductus
artertosus I due regard 1s paid to the quality of the cardiac impulse o
the nature of the pulse and to the electrocardiogram 1 addition to the
site and character of the mummur and to the N ray appearances a correct
climcal diagnoss s usnally possible
Cascs that deselop true pulmonary hypertension are in danger of re
sersing the shunt should this occur the situation would be chmeally 1
d hable from the L g plex (page 244}
“These have been some nteresting cases in which charactenstc signs of
2 ventnentar septal defect discorered mn childhood have disappeared W ith
advancing years Whilstat 18 difficult to prove that these were not examples
of innocent left parasternal murmur 3t has been suggested that spontaneous
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obheration of small defects mav sometimes oceur (Paskes Weber 1918)

"The prognosts would be good m muld cases were 1t not for the 25 per
cent nish of bactental endocarditis When this occurs embols are confined
to the pul y carcul, {unless nfe spreads to the aoruc valve}
\egetations occurnng round the defect on the nght ventncular side and
on the opposite wall of the nght ventricle where the shunted blood stream
mpiages Panents with pulmenary plethora are 1n a different category and
may die from congestive heart fasture i adolescence (Baldwin Moore and
Noble 1940)

No reparative treatment 1s yet generally avalble but Murray (1948}
has made the attempt 1ild cases should be encouraged to lead normal
untestricted hves but severe cases need care and should hmut thew physieal
activities Dental treatment sore throat and other pyogemic infections
should be covered by a short course of pemaathn to present endocardsns

PAILNT DUCIUS ARTLRIOSUS

Incidence \Vhalst fmlure of the ductus arteriosus to close wathun a fen
months of birth 13 often associated with other congenal anemalies 1t s
refatvely common alone especially 1n females the sex sncdence being 2 1
in thew favour (Benn 1947) It was the mam or sole ke ton tn g 2 per cent
of 1000 cases of congental heart disease collected by Abbott and ac
counted for 14 § per cent of the author s senies

Heemodynames The ductus connects the left branch of the pulmonan
artery with the arch of the aarta just opposite the onigin of the left sub
clavian artery As the aortic pressure 18 hugher the blood flow 1s from zorta
to pulmonary artery and 1ts degree depends not only upon the size of the
ductus but also upon the pressure gradient betwcen these two vessels
There 15 thus an aoriic leak the equnvalent of an artentovenous shunt and
a rased pressure and blood flow n the pulmonary artery The volume of
biood entering the left aunicle 13 greater than normal and the left ventricular
stroke and mimnute output are wmereased The total blood volume 15 also
ncreased {Cassels end Morse z947)

CLINICAL FEATURES

"L here are usually no symptoms when the lesion 1s first discovered

Owmng to the latge stroke volume and aortic leak the pulse 15 abrupt and
collapsing the pulse pressure rassed and the dsastolic blood pressure rather
low especially after exertion when 1t may drop grossly (Behn 1938) The
cardiac tmpulse 1s forceful displaced to the left and suggests left ven
wncultar enlargement The classical  machinery  murmur (Gibson  xgoo)
usually accompanied by a thrfl begins just after the firt sound waxes
towards the end of systole and wanes mn fate diastole It 1s more or Jess
localised to the second left hondral space O i pecsally 1n
mfants and young chldren the murmur 1s confined to systole very rarely
tt 18 enticely diastolic posssbly due to pulmonary incompetence If not
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heard at rest it may be encouraged by pressor agents exercise amyl mtnte
ar Muller s expenment It may be reduced or abolished by rasing the
pulmonary artersal pressure or lowenng the sortic e g by Valsalva s expen
ment breath holding malung the patsent breathe 10 per cent oxygen or
by hypotensne agents  [he increased pressure within the pulmonary astery
causes accentuation of the pulmonary element of the second sound In
severe cases a functional mutral diastolic murmar 13 usually heard due to
dilatation and rapid filhng of the left ventricle—hence the not
mistahe of confusing patent ductus with aortic mncompetence and mitral
stenosts
Tluorescopy (figs 718 and 7 19) reveals abrupt dilatation and con

7 ' of the pul y artery pul v plethora enlarge

ment of the left ventride and fullness of the left auncle (Donovan Neu

hauser and Sesman 1943) In contrast to atnal septal defect and mtral
stenosis  but bike hyperkinetic pulmonary heart disease the aortic
houckle 15 pormal or promment A loeat bulge n the region of the

aartic 1sth can be di rated by means of geaphy 1 1
himited pumber of cases and
i s thought to represent the

” widened moutls of the ductus
ar possibly a traction aneur
vsm of the aorta (Stemnberg
Grishman angd Sussman 1943)
With suatable technugue angt
ocardingrams may also show
the pulmonary artery filhng
twace first from the ryght ver
tricle then from the a0t
Retrograde aortography offers
n alternatrse means of obtatt
1ng good angiegrams
The electrocardiogram
vsually normal but when the
ductus 15 Jarge there may be
evidence of left sentricular
: hypertrophy (g 7 hza) I;t:e
- . reme cases may show
5;5 Tnxzsfn:}’:g:;::o;f :ﬁ?;;}g p:;fr'r':c?cucr‘.:: classieal electrocardiographie
fintle dulatation of the pulmonary artery changes of pross left ventst
eutar eplargement (fig 727
‘The diagnosss may be proved i doubtful cases by means of cardac
catheterssation (g 7 22) Samples of blood from the superior vens cad
nght aurcle and night sentricle are normal (about 7o per cent saturated)
wh reas samples from the pulmonary artery are usually 8o to 8, per eent
caturated Shght admistore of artenal blood m nght ventneuhr «amples




Fig 7 19—Skiagsam of @ more edvanced case of patent du tus show ng cons derable
eft v ot wcular nlarg ment and enLo g ment of the pulmonary vessels m addition o
a1 tat on of the pulmonary ertery



Fig 7 ro—Flectiacardiogram 1n a case ot patent ductus <hot me left yeptmeniar enlare
ment There s 2 stropg QR pattern s 1than erted U 1aves m ead 3§

Frg 7 20~ Cross left sentricular prependerance in a case of patent ductus
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should be left alone Bacterial endocardins should be cured by means of
pentaitlin of possible before submittng the patient to operation

The chief diagnostic errors that have resulted in fruitless thoracotomy
have been due to mistaking some other source of a contiruous murmur for
a ductus a normal venous hum at the basc of the nech 1n a child arteno
venous aneurysm of the lung and perforation of the sinus of Valsalva into
the pulmonary astery or nght ventncle may be responsible for such a
murmur In cyanosed cases a machinery murmur may be due to direct

betsieen bronchial and pul y arteries

Although pul Y d hes and the heart decreases
1 size after successful ligation 1n most instances (fig 7 23) 1reversible
changes are encountered occasionally and for this reason severe cases
should not be left too long

PULMONARY STENOSIS

Pathogenes:s Subvalvular stenosis 1s thought to be due to arrested evolu
tion of the bulbus cordis most of which should become mcorporated 1n the
right ventnicle (Reith 1909) The obstruction 1s 1n the outflow tract or
conus of the nght ventnicle There are two kinds 1n one the primitne
bulbus forms a separate chamber between the pulmonary artery and night
ventricle and communicates with the fatter by a small lower bulbar orifice
which 15 the cause of the stenosts 10 the other the conus 15 diffusely con
stricted leaving a narrow passage between the night ventricle and pul
monary valve Valvular stenosis 1s proving more common than previously
thought the valve 1s then rey d by a comcal brane with a small

circular hole 1n the centre or the cusps may be fused n a manner resem
bling inflammatory stenosts

CLINICAL FEATURES

Simple acyanotic pulmonary stenosts with closed septa accounted for
10 per cent of the author s sertes of 200 cases of congenital heart disease
The stenosis 15 usually valvular and cases are acyanotic until reduction of
cardiac output and P pertpheral 1ction lead to a
sluggish surface blood flow In other words cyanosis when 1t occurs 1s
peripheral not central the artenal oxygen saturation bemg normal The
chaef symp are prog 1 on exertion and ultimately
those of congestive failure In severe cases angina pectorss and frightemng
syncopal attacks may occur

In relatively severe cases the physical signs mclude a conspicuous a
wave n the jugular pulse (which may be transmtted to the liver) a high
pulmonary systohe thnill and murmur a single second heart sound and
a right ventncular form of cardrac mpulse The thrill and murmur may
be lower 1n cases of infundibular stenosis (10 per cent) In muld cases the
cardiac impulse may be normal and the second heart sound clearly spht

5
e breat




Figg 7 24—blaagram of a case of simple pul
meonary stenosis showmng dilatation of the pul
inanary artery and hypoplasia of the aorts

ht
o rdiogram of & cate of mmple pulmonary stenosss shawing TR
Fig yas—Electcardion \entricular entargement
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Shusgrams usually show didataton of the mamn trunk of the pulmonary
artery but not of sts branches hypoplasa of the aorta and eft ventricle and
entargement of the nght {fig 7 24) The electrocardiogram may exhubit the
usual pattern associated with marhed night sentricular dominance {Bg
7 25} and talf sharp P waves sumlar ta those of chrome pulmonan heart
desease but in muld cases st 1s normal

A tugh night ventoseular pressure and fow or normal pulnanary artery
pressure may be demonstrated by means of cardiae catheternisation

Diagnaszs \When the choef features of a case conform to the above desenp
tion the duagnosis of sunple pulmonary stenosts s probable but sub
aoruc stenosts atraf septal defect and ventricular sepul defect must be
carefully evcluded A source of conk d
childeen with poorly deteloped chests wha present a loud pulmanary
systolie murmur and ubnaton  Lhe mechansm may depend upen the
proumity of the anterior chest walf to the pulmonary artery 1 thin flat
chested mdniduals Confumion 18 greater when shiagrams reveal promn
nence of the pul y artery and ele d nght axs devia
tion The final proof may rest with cardiac cathetensation

Insestigation of apparently typrcal cases by this method may also pro
vide proof of associated V S D or ASD when not suspected Fie
e'(amplts (z 5 per cent) have been encountered by the author high nghe

\ and relatnely lon pul 'y Artery f con
firming the diagnosis of pulmonzr) stenosts and pama} admxture of
arternal blood mto samples ob d from 2pp

proving
the existence of 3 Jeft to nght shunt Re\crs:d of this shunt posstble 1
severe cases  Patent foramen ovale wathout interausicular shunt was Jlso
discorered duning cardac catheterisation m ane of the author s cases This
a5 2 gut of 14 with a mean pulmonary artery pressure of 8 mm Hg and
2 nght ventricular pressure of 32 The pressure m the nght zuncle was 3
sn the left 4 mm Hg If the stenosss becomes 2 ittle more severe the left
anricylar pressure 15 lkely to fall and the nght to pse she will then
develop an mtcraunculat shunt and become cyanosed

Prognoss B: docardstss and puf

y tuberculosis are impor
tant isks Patients % ho survive these tho evils may reach middle age before
dymg from right ventncular fadure but the majorty succumb whan still

young The average age of death 1n Abbott s post mortem series was 206
yeass the upper Ismst beng 57

TREATMENT

Pulmonary vatvulotomy {Brock 1948) should be cons dered i1n severe
cases but carries too greata sk at present for the majonty Life may be
pmiangcd by a sedentary occupation and by hrutation of effort Com

may be prevented b; ding agamnst dental sepsis and threat
infection by prophylact(c chcmothcmpy when wdicated and by annuat
radrological examination of the chest in order to detect early pulmonary
tuberculosis at 2 stage wher st may be successfully treated
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PULMONARY STENOSIS WITH REVERSED
INTERAURICUI AR OR INTERVENTRICULAR SHUNT
(mncidence 2 5 per cent)

Relatively mild or moderately severe cases of pulmonary stenosis may
have a patent foramen ovale that 1s functionally closed A catheter may be
passed through the vahe flap mto the left auricle and samples prove the
absence of 2 shunt as described on page 242

As life advances however pulmonary stenosis may become more
severe the pressure i the night side of the heart then rses and the
foramen ovale may suddenly begi to tunction and perrmt the passage of
blood from right to left auricle Such cases ilfustrate very well what 1
really meant by late centrd cyanosts or cyanose tardive Patents with
stmple pulmonary stenosis and A S D or VS D may behave simularly

‘The change 1s apt to occur mn the teens or early twenties and 1s accom
panted by the development of breathlessness and sometimes by svncope
on effort Cyanosis 1s notably vanable and patients may turn almost black
on exertion Simple pulmonary stenosts with reversed interventrcular
shunt resembles Fallot s tetralogy but the aorta 1s not over niding

In the most severe cases of pulmonary stenosis the pressure m the right
auricle exceeds that m the left from birth and the foramen ovale cannot
close Under these circumstances patients have permanent central cyanosis
and proportionate functional incapacity from barth

‘The clinical findings i cyanosed cases differ hittle 1n other respects from
severe cases without cyanosis but skiagrams may show dimimshed vascu
lar marhings 1n the lung fields (fig 7 26a) and the heart 1s usually larger
(fig 7 26b) Despite the theoretical consideration that the left ventricle 1
the better filled chamber the cardiac impulse retains 1ts right ventricular
quality and the electrocardiogram usually shows extreme night ventricular
dommance (fig 7 27)

It will now be appreciated that there are three mamn functional types of
simple pul, y steno: yanotic without shunt (with or without
patent foramen ovale) acyanotic with direct left to nght shunt (through
an atrial or ventricular septal defect) and cyanotic with reversed shunt
{usually tnteratnal via 2 patent foramen ovale but occastonally through an
atnal or ventricular septal defect) The stenosts 1s valvular 1n go per cent
and subralvular 1n 10 per cent and occasionally there 1s a separate 10
fundibular chamber Cyanosed cases are always severe acyanotic cases may
be mild or severe

Cardiac cathetensation rescaled low mean pressures n the pulmonary
artery (below 8 mm Hg) and tugh mean pressures in the right sentricle
(over 30 mm Hg) m severe cases whether cyanosed or otherise and
normal mean pulmonary artery pressures {over 8 mm Hg) and moder-
ately rased nght ventricular pressures (under 30 mm Hg) in the mild

cases




l

) Showing dilatatsion of the pulmonary arc {b) Showing considerable cardiac enlargement
and pulmonary schuem a and pualmonary sschemia

L

Fig 7 2f ~Pulmonary vafvular stenows with 1eversed mteratral shunt

Tig 7 27—Strong tight ventricular dom nanc dus to pulmonary v ful 1 stenosis sith
reveesed snteca wuls shuat
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Typical findings 1n 2 severe cyanosed case are illustrated in fig 728
Samples from the pulmonary vems were fully saturated with oxygen but
left auricular samples were only about 70 per cent saturated, showing gross
admixture of venous blood v1a the defect Samples from the left ventricle
and femorat artery were similar and thus excluded Fallot s tetralogy

The posttion of the catheter yhen beng withdrawn through a large
foramen ovale or atrial septal defect 1s characterstic 1ts transs erse segment

nd

e\

v

~
~

L

Fig 7 28—Find ngs on cardiac catheter: ation Fig, 7 29~—Catheter penetrating the left auricle

1 a fypral case of pulmonary valvular stenosss through an atrial septal defect showing the

with resersed interatral shunt hrgh position of the latter (case of pulmonary
(Pressures 1 cm of saline) stenosis plus Ab D)

niding remarkably high i the centre of the heart shadow (fig 729) The
position of the catheter when it enters the various pulmon iry veins 13 also
charactenistic (fig 7 30) and 1s usually cotled on the night side It mav be
added that owing to the direction of the interatnal shunt the catheter
tends to pa.s through the defect very easlly perhaps more readily than
through the tncuspid valve

Ang drography confirms the I shunt by showng immediate
filling of the left heart Owing to simultaneous opacification of both ven
trcles 1t 18 very difficult to obtamn an unobstructed view of the outflow
tract of the night ventricle and 1t 1s usually impossible to confirm the site

of the stenosts by this means




{a) Rught upper (b} Raght fover

{c} Left uppes
T'g 7 yo—Catheter lymng n the pulmonary 1ens
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TREATMENT

Pulmonary valvulotomy 1s advised 1n all evanotic cases with vahvular
stenosts the outlooh bemg otherwise grave By raising the pressure m the
pulmonary artery and left aunicle and lowenng 1t 1 the nght side of the
heart valvulotomy closes or reverses the mteratrial shunt (depending on
the anatomy of the defect 1n the atnial septum) If the obstruction to the
right ventniele has been sufhiciently relieved that chamber should be able
to cope with 1ts mcreased strohe volume 1f not 1t 1s hiable 1o fail

The Blaloch Tausstg operation 1s not advised because the extra worh
falling on the unrelieved right ventricle consequent upon closure of the
foramen ovale or resersal of the mteratnal shunt usually causes early
death from heart fallure Such cases appear to have shown however that
ncreasing the pulmonary artery flow does rase the left auricular pressure

FALLOT S TETRALOGY

The combination of pulmonary stenesss, patent inten entnicular septum
nding aorta and enlargement of the right entnicle 1s known as Fallot §
tetralogy (Fallot 1888) and accounts for 75 per cent of cases of congenttal
heart disease with clubbing of the fingers polycythemia and permanent
central cyanosis The stenosis 1s usually subralvular and 1s due to great
narrowing and distortion of the night ventricular outflow tract The ptl
monary artery instead of being dilated as 1n simple pulmonary stenasis 15
remarkibly small and mav resemble a vemm By nding aorta 1s meant
dhsplacement of the root of the zorta to the nght (dextroposed aorta) 50
that it sits astride the septum and appears to anse as much from the nght
as from the left ventricle The association of these three malformations 1s
no accident but depends upon the same embryological defect the fault
tving with arrested evolution of the bulbus cordis with incomplete torston
A nght sided aortic arch 1s found i about 2§ per cent of cases (Blaloch
1948)

Heamodynamcs Aortic blood 1s arteno venous bemng composed of the
full output of the left ventncle and part of that from the nght The nght
ventricle has a double burden for 1t must work against a constricted out
flow tract and compete with the left ventricle agamnst the systemic blood
pressure The sitvation 15 met by great hypertrophy of the nght 1entncle
the fourth constant finding, 1n the tetralogy The deficient pulmonary circu
laton 1s occastonally improved by extensive deelopment of the bronchial
vascular svstem Poly cythzmua helps to compensate for anovemia Ouca
sonally the defect 15 partly corrected by patency of the ductus but a
contmuous murmur on either side of the chest usually signifies pulmonary
atresta with an extensne broncho pulmenan, anastomosis
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CLINICAL FFATURES

Faflot s tetralogy tneludiag three cases of pulmonary atresia occurred
111 18 per cent of the author s series This figure 18 probably mfluenced
by shight weghtsng in favour of anomalres amenable to surgical repate

Cyanosis polycythemsa and clubbing of the fingers may be absent m
infants but develop in ealy chrldhiood and tend to be progressne Growth
may be stunted and mental development retarded 1 severe cases The
chtef symptom 13 breathlessness and 10 ohtan mausvum comfort chuldren
often adopt 3 charactenstic squattmg posture {Taussig 1947) Impronve

(&) Antero poster or view (b} S cond oblique posit on
Fig 7 35Shiagram of 4 case of Faliot s tetrafogy showing thecieu ens bot
ment sometmes oCCurs OWIng
to the development of a bron _._._.,;:
chual collaterat crrcutauon 57"‘::\ L
The pulse 15 apt to be small - £y
the jugularyenous pressure nor

- )
mal and giant 4 waves un > o "?:%Q
usual "The cardizc simpulse 1s T e 7 s
tapping  and no pubmonary P . e
artery pulsation can be detected NS S Y
A systolic murmur 35 usually —? ¥
heard being hugh mn one third = '“i:;}
and m the Roger area m the
remamder

A thnll s fele am half the 7% 7RI seme arch nacaseof



Eiz 7 33—Angio ardiogram of a case ot Fallot s tetralogy showing simultaneous opicy
fication of the aorta and pulmonary artery 1e a right left shunt The stenosis appears to
be subvalvular Both pulmonaiy and both subclavian arteres can be seen

Fig 7 34—Electrocardiogram of a case of Fallot s tetralogy showing marked right ven
tricular dominance
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(a) Main trunk

_(b) Rightpulmon y rtery (15t obl quevs w) {¢) L ft pulmonary a tery (znd obl que vie v)
Fig 7 35—Catheten at on of the pulmonary art ry na a e of F llots tetralogy
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FALLOTS TETRALOGY

Tig 7 37—Penetration of the foramen o af

Fig 7 36-—Average catheter findmgs in Fallot s and pulmonary veimss i 8 case of Fallots

tetralogy (Pressures in cen of sahine) tetralogy

cases and may be igh or low  1he second sound at the base 15 smgle
never split owing to the absence of the pulmonary element and may be
quite Toud
The sktagram 1s wsually pathog and 1s ch 1sed by con
spicuoushy clear lung fields due to diminution of the pulmonary vasculac
markings by a notable gap between the aortic knuchle and ventncles due
to hypoplasia of the pulmonary
artery andby atp talted cardiac
apex (fiy, 731) Ths 15 the
cceur en sabot  tor it resem

bles the shape of a pea<ants
wooden shoe with turned up
toe Lhe effect 15 produced by
considerable hyperteaphy of the
nght ventnicle with displace
ment of the mtenentricular
septum to the left  so that the
left ventrile appears as a small
cap above the right ventncular
apex  Occasiomally  the lung

Fig 7 38—Site of abrupt pressure change in
fields present a reticular appear- pulmonary yahular ssenoss



Fig 7 39~Pulmonary subsalular stenosis
the t p of the catheter ts stlt in & Jow pressure
20ne

ght pulmonary setery (b) Left pulmonary art ry [nos obviows 1
(@)} outl ned after mecting 5 mt of 70 pet
cent d odome th ough the cathese

Fg 7 4o~Demonstration of the anatomy of the pulmanary actenies wn 2 case of Fatlot s tetrstogy
2 241

(2} Catheter ty ng n «
wh ¢h can be seen cleasly

Ve
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ance representing develog of the bronchial 1 In the left
anterior oblique view the heart shadow may be globular, owing to the 1n
creased cunvature of the right aurcle and ventricle If the aorta 1s nght
sided, the knuckle may be seen above the night auncle (fig 7 32) and the
barium filled esophagus 1s deflected to the patient s left The shunt may
be demonstrated by means of angiocardiography (Grishman Stemberg
and Sussman 1941) which shows immediate filling of the aorta and great
vessels and undersized pulmonary artenes {fig 733) The antero
posterior view 1s advised in order to reveal the anatomy of both subclavian
artenies—a point of considerable interest to the surgeon
The electrocardiogram shows extreme clockwise rotation or right ven
tncular dormance (fig 7 34), and often the tall sharp P wave of nght
aurncular hypertrophy
Cardiac catheterisation may be helipful 1n doubtful cases The patient
should tecerve 50 to 100 mg of hepann at the start of the procedure m
order to mimmise the rish of parad 1 thrombo embolism and great care
must be tahen not to introduce air into the system Rugid asepsts should also
be maintained and adequate doses of pemcillin should be given for forty
eght hours to prevent the possibibty of subscquent cerebral abs.ess
In twenty one cases studied by the author the mean right ventricular
pressurc ranged between 23 and 56 mm Hg and averaged around 40 The
pulmonary artery was entered in fifteen cases (fig 7 35) the pressures
falling harply to less than 8 mm Hg above the sternal angle the range
being - 1 to 4+7 and the average +3 5 (fig 736) The nght auricular
pressure was usually close to zero (—1 to +3) A patent foramen ovale
was penetrated i three cases (fig 7 37) the left aunicular pressure was
higher than the right on each occasion and samples from the pulmonary
veins and left aunicle were about 95 per cent saturated with oxygen show
ing that there was no nght to left mnteratrial shunt The similanty of
samples from the venz cavz, nght auricle night ventricle and pulmonary
artery proved the absence of left to nght shunt all these samples were
grossly unsaturated (94~212 ml per L) Samples from the femoral artery
were mostly between 45 and 75 per cent saturated with oxygen
Cathetenisation not only proved the diagnosis and degree of I'affots
tetralogy 1n these cases but showed whether the stenosts was valvular or
subsvalvular In valvular stenosis the change from right ventnicular to pul
monary artery pressure and pulsation was abrupt and occurred when the
tip of the catheter passed beyond the level of the left atrial appendage 3
honzontal line through which has been found to mark the level of the pul
monary valve m controls (fig 7 38) In subvalvular stenosis the pressure
changed at a lower level and sometimes less abruptly (fig 7 39)
Cyanosts polycythemia clubbing and a low artenal oxygen saturation
prove the eustence of a veno artenal shunt The size of the shunt may be
lculated by sub the pull y blood flow from the tricuspid

(systemic) blood flow
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Owimng to the scanty pulmonary blood flow small quantities of 7o per
cent diodone (5 1o 10 ml ) intreduced directly into the pulmonary artery
13 the catheter opaify the pulmonary vessels very well (fig 7 40)

‘The demenstration of an arm to tongue ctecutation time of less than aix
seconds {McGuire and Goldman 1937) 18 practically safueless the test
being unrehable unnecessary and apt to thrombose precious verns

The conspicudus nise 1 arteral angen satutationt that occues when 2
patent with Fallot s tetralogy 13 placed 10 an oxygen tent has been con
firmed by most workers and has not yet been satisfactonly explamed The
thes:s that the function of the pul y epithelium 15 impaired cannat be
mantained mn vien of the fully oxygenated samples of blood obtamed from
the pulmonary vemns in cases with patent foramen oxale

Prognesss Uncompheated relatis ely mild cases may seach middle hfe but
the majority die young According to Campbell (143) only one patient
ten with congennal cyanotic heart disease reaches the age of 24 and only
one n five reaches the age of 12 Bactenat endacarditis pulmonary tuber
culosis pyegente respiratory snfection and cercbral abscess from para
dovical embolism {Robbins 1545) are the most serrous comphcations but
the majonty appear to die from asphywia Congestive falure 15 rare

TREATMENT

Prophylactic therapy should be directed agamnst infection and overwork
Pyogenic pulmonary nfection may require treatment 10 an oxygen tent
Ve 1s contrand; § for dang and syncope may

result

As a result of Taussig s obsenvation that infants with Fallot s tetralogy
deterorated when the ductus artersosus closed and that cases complicated
by persustent patent ductus fared better than those without she and Blalock
devised the anastomouc operation which has proved so successfut (Blalock
snd Tausstg 1945 Blalock 1946) One or other subclavian artery 19 anasto
mosed t the homolateral branch of the pul 3 artery Better abgnment
15 abtained as a rule with the nght subclavian but the left has a longer

trath course and 15 therefare easter to bring down I results are
poor a second anastomosis may be carned out later om the oppostte side

Another method of achieving the same abject 18 to make a direct anasto
mosts between the zomhic arch and the left pulmonary. artery (Potts et al
946 1948)

Selection of cases for operatton should be based on the following entena
The diagnosis should bs proved
The patient should have sufficient disabulity {apart from cosmetic
discantent)

The artenal ovygen saturation should be less than 75 per cent at
rest

"The mean pulmonary attery pressure should be close to zeso cer
tamly less than 10 cm of saline

n o~

w
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§ Both pulmonary arteries should have been demonstrated
6 Both subclavaan artenes should have been demonstrated
7 The anatomy of the aortic arch should have been demonstrated
Angiocardiography and cardiac cathetersation <upply most of the ¢
quired wformation
According to Bing (1947) the oxygen uptake per hitre of ventilation does
not increase during effort in Fallot s tetralogy or i other cyanased cases of
congenttal heart disease that would be mmproved by the Taussig Blalock
operation and the test 1s being used to aid the selection of cases sustable for
surgery
The best age at which to operate 15 between 3 and 10 years The physio
fogrcal results of technucally 1 are good cyanos:s and
lubbing may disappear breath! d the habnt of squatting 15
usually grven up and effort tolerance improves the artenal oxygen satura
tion nises 1o the region of 8o per cent and the blood count returns to normal
(Fausstg 1948) a loud machinery murmur and coarse thnfl may be de-
tected on the homolateral side immediately after the operation m neartv all
cases and are permanent The risks of pulmonary tuberculasis and bronche
preumonia are lihely to be dimimshed but the mncidence of bactenal endo
carditis should not be altered
Blalock s total mortality rate for this operation 1s 17 per cent but this
tncludes infants (mortality rate 25 per cent), cases of tricuspid atresta and
other anomalies 1{1s mortality rate for selected cases of Fallot s tetralogy
35 not more than 10 per cent
If the stenosss 15 valvular, an alternative operation 1s pulmonary valsule
tomy (Brock 1948) The results 1n successful cases are satisfactory but the
nishs appear to be heavier Further techmeal expenence however may
reduce the mortahity rate Moreover certan types of subialvular stenosis
may also be amenable to durect attach

EISENMENGER S COMPLEN

Relatisely rare cases occur in which ‘ nding aorta  patent interventricu
lar septum and nght ventrcular enfargement are associated yith a normal
nght ventricular conus normal pulmonary valie and dilated pufmonary
artery (Eisenmenger 1897) The riding aorta allows venous blyod to
escape into the systerme crculation so that slight to moderate central
cyanosis ocaurs L he prognosss 15 much better than m Faffot s tetralogy
the majonty of cases attaning middle Life

The physical signs include a systotic thall and marmur maxumum at the
thured left intercostat space near the sternal border polpable pulsation aver
the pul v arten of the second or pulmonary element
of 2 normally spht second sound at the base and occasionally a pulmonary
or aotte diastolic murmur

Taght ventricular entargement and didatation of the pulmonary artery




CONGENITAL HEART DISEASE 235

may be demonstrated by means of electrocardiography and \ ravs (fig
7 41) The arterial oxygen saturanon 1s reduced usually to 70 to 8o per
cent might ventncular and pulmonary artery pressures are rased nght
ventricular and pulmonary artery samples are similar to samples from
the night auncle and supenior vena cava and angrocardiography (fig 7 4-)
shows simultaneous opacification of the aorta and pulmonary artery

Fig 7 42—Angwocard ogram of a case of
Etsenmenger s complex showing simultan
eous opaafication of th gorta and diated
{By ourtery fDr Maunc C mpb i) pulmonary arfery

Fig 7 41—Ersenmenger s complex

(Sussman and Grishman 1947) In two cases mvestigated by the author
and proved with the ad of angocardiography the shunt was only from
night to left samples from the pulmonary artery being the same as those
from the nght side of the heart The arterial oxygen saturation was 72 per
cent tn one case and 71 per cent m the other and the pulmonary blood
flow was considerably reduced in both Unlike Fallot s tetralogy however
the mean pressure in the pulmonary artery was high

1 dafF ] d it vs well to ber that the majority of cases
that appear at first to be examples of the Fisenmenger complex tum out
otherwise The following should be considered

3 Atnal septal defect wath late reversal of the shunt Wide sphitting of the
second heart sound night bundle branch left auricular blood samples con
tamning a proportion of venous blood and angiocardiograms showing
immediate filing of the left auncle disungush it

2 Pulmonary hypertension with late shunting through a patent foramen
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orale This 1s distingusshed by catheter samples from the left auncle and
by angrocardiograms as descnibed for (1) above
Idiopathue pul y hypert with late red: w arterial axygen

saturatton There 15 usually no pulmonary systolic murmur, pulmonary
venous blood samples are improperly saturated and are similar to samples
from the left auncle left ventsscle and femoral arterv, angrocardiograms
show no shunt

4 Anoxsc pulmonary heart disease ‘This does not cause confusion when
there 1s obrvtous advanced emphysema, but st may give nse to difficulty
when the degree of emphysema seems msufficient to cause cyanosis Lhe
absence of an ntracardiac shunt must then be demonstrated

5 Transposition of the great vessels v sth patent septa Cyanoss 1s usually
earlter in onset Samples of blond from the pulmenary artery contam more
ovygen than samples from the aorta or perspheral artenes and samples
from the night auricle are more saturated than those from the vene cave
Angtocardiograms may  be tusve  Skiag show pul Ty
plethora

6 T entricular septal defect or patent ductus nith reversal of the shunt due
to pulmonary hypertension Such cases are chnically mdisunguishable from
the Lisenmenger cormplex
TRFATMFNT

Bialoeh s operation s» contrmndicated because an artifictal ductus cannot

function well when the pulmonary blood pressure 1s raised nor 1s the
arterial oxygen saturation low enocugh to warrant

OTHIR ANOMALILS CAUSING PERMANENT CYANOSIS

The semasning malformations histed 1 the classification on page 203
are rarely compatble with mote than a tew months of bfe unless associated
with ather fres that have a f, ble mfluence on t

Transpositon of the yreat vessels the pulmonary artery aning from the
left ventricle and the aurta from the nght results in two mdependent af

f Lafe depends j pally upon an atnal septal defect whereby
oxygenated blood from the left aurwcle passes mto the night side of the
heart and so nto the aorta and upon a patent mnterventncular septum
through which venous blood i the nght ventnicle may be pumped 100
the lungs

"The chief presenting features are central evanosis associated with a split
second heartsound dilatationof the pulmonary arteryand engorgumentof! the
puimeonary vascular shadows {fig 7 43) The electrocardiogram reveals gross
nght sentnicular dommance or nght bundle branch block Cardiac cathe
tensation shows that samples from the pulmonary artery (entesed from the
t ventricle vsa the ventrcular septal defeet fig 7 44) contan more
than samples from the aorta {also entered from the nght ventncle
3 or femoral arteny a state of affairs that can occur tn no other

ngh
oxygen
fig 745



Frg 7 43—Skiagrant of 4 case of transposstion of th  great vessels wssac ated wth ¢ 4
and entricular septat defects

247



Fig 7.44~Skag of a case of f the great vessels showng penetration of

the pulmonary artery from the right \tnlﬂclc via the ventricular septal defect
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¥ig 7 45~-Sluagram of a case of transposit on of the great vesscls sho ing a catheter
pen trating the aorta directly from the nght yentricl
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condition Aortic samples are sumilar to those from the night ventricle and
auricle and contamn considerably more oxygen than samples from the
supertor vena cava by virtue of the mteratrial shunt In a case investigated
by the author samples from the aorta and right heart were 82 per cent
saturated from the superior vena cava 6o per cent and from the pulmonary
artery 8g per cent The right ventricular systolic pressure equals the aortic
pressure The pulmonary blood flow 15 greatly increased (9 L /mun 1n the
case aited) the nortic decreased (3 L jmm ) Angiocardiography shows
simultaneous filling of the aorta and pulmonary artery from the right
ventricle A second case imvestigated showed no ASD but greater
pulmonary plethora The catheter was again manipulated mto both aorta
and pulmonary artery

Persustent truncus arteriosus s due to falure of development of the aorto
pulmonary septum so that a single large vessel arises from both ventricles
Blood 15 carrted to the lungs either by pulmonary arteries anising from the
common trunk or by way of the bronchial arteries Cyanosis 1s mimnimal
when the pulmonary artertes are present extreme when the pulmonary
blood flow depends on the bronchial artertes Radiol ily the aortic
knuckle and vascular pedicle are unduly promiment and there 15 a con
spicuous bay between the knuckle and the left border of the heart Both
ventricles are grossly enlarged

A harsh systolic murmur and thrill are usually present at the base and
the second heart sound 1s loud and single The electrocardiogram shows
right ventricular dominance or nght bundle branch block Angiocardio
graphy helps to establish the diagnosis especially when the pulmonary
arteries are absent but app closely ble pul y atresta

A Blaloch Taussig operation may benefit those cases in which the blood
flow to the lung 1s reduced that 1s those cases with sesere cyanosis in
which the bronchial artenies supply the lungs

Tricusped atresa with a functionless right ventricle and atrial septal defect1s
charactensed by ntense permanent cyanosts due to right to left interatral
shunt by gross left ventricular enlargement and by electrocardiographic
evidence of considerable left ventricular preponderance I he blood flow to
the lungs 1s greatly reduced and depends upen a patent interventriculas
septum patent ductus or upon the bronchial collaterals The latter may
link up directly with the larger pulmonary arteries and cause a w idespread
bilateral machinery murmur The diagnosis may be confirmed by means
of angiocardiography (fig 7 46) and cardiac cathetensaton and the
condition may be greatly improved by the Blalock Taussig operation




© ey

Fg 746 -~Angiocardiog am n case of t cuspd at es3 (a) Mhowng dye p  ng desectly

1o Jeft aurecle (1 second) {b) Showing ¢ sly fillingofthel f¢ ent | and aarta{zs conds)

note bronchial collaterals i 1 ght upp r zone ( ) 5 cond obl que po nion the left side of

th heart and the sorta ase fitted 1n 2 scconds (d) At3  condsa maltl ftpulmonary artery
15b comng 1
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CHAPTER VIII

RHEUMATIC FEVER AND ACTIVE RHEUMATIC
CARDITE

HEUMATIC fever 1s a particular form of polyarthntis following
streptococcal infection 1ts hall marks are pancarditis chorea sub
cutaneous nodules and ervthema marginatum It may be acute sub

acute or chrome

INCIDENCL

According to the 19..7 report of the Child Life Commuttee of the Medical
Research Counail  Soctal Conditions and Acute Rheumatism 10 to 15
per cent of all children at 12 years of age 1n England are affected by rheu
matism Of 22 805 children under 15 years of age card indexed by the
London County Counail 2 6 per cent had had rheumatic fever (Bach ez al
1939) The crude annual death rate from rheumatic fever declined from 67
pet mullton persons 1n 1901 to 22 per milhon n 1937 (Glover 1939)
Durning 1937 according to Glover rheumatic fever accounted for z 3 per
cent of all deaths 1n children between the ages of 5 and 9 vears

The disease 15 rare 1n infancy and i old age and 1s most common 1n
childhood and adol tung the poor rather than the nch and
having an inaid 1 Ily and geographucally parallel to streptococeal
tonsillits (Coburn 1931) The peak incidence 1s m chuldren between the
agesof §and 12 particularly during the months of October November and
of January February Apart from arachnodactyly there 1s no evidence that a
particular physical type 1s predisposed to rheumatic fever (Hill and Allan
1929) but hereditary pred 15 NOW pted (Wilson 1940)

P

THE NATURE OF THE RHEUMATIC STATE

‘There 15 no evidence as yet that rheumatic fever s caused directly by
any mfective agent Cultures from blood jomt flutd pericardial or pleural
effusions and from affected issues are bactenologically sterile and filtrates
from similar samples are incapable of transmitting the disease when mocu
lated 1nto ammual or man There 1s still perhaps a remote possibility thata
Virus 1s responsible but the known facts are agamst 1t

On the other hand the evidence that rheumatic fever 1s mtimately re
lated to streptococcal infection 1s beyond dispute The relationship was
first propounded by Poynton and Pame 1n 1900 They 1sloated a diplococcus
from blood and other cultures and produced polyarthntis and carditis by
mjecting it mto ammals but the lesions were shown later to be infective
not rheumatic However they confirmed the ob ervation of Haig Brown
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crmmor s vz - follow ep demnucs of <irep docea! <cte Jroat (Glover
19 Culp-n'e rep o~ora belong se-ooxcaliv to groxp 1 zrd mav
hne .~ poie-ful ervtbroze..c tomns ard heroten—m f2re they gt
o = <= Ll soreas (Coburn and Padh 19_5) Serumfom b= sabects
of rheum. 1¢ fever sxglutin.te these strams m hoeh nrre 2ad ant wep O
cncew bzmo™ 1ns (zrtibodies excrted by the anteemc properiies of erep 0~
co cal heroh ms) hnve been found in kugh vire m the exdv wcesof
practically afl cases of active rheumanc fever whether ore 2 htors of
<trep ococea] mfection 15 obtaned (Todd 19,3) Voo of these obwend
tions have been confirmed independentls by other workers, nozable Gn*ith
{1935) Sheldon (19,1) and Bradlev (193z
It 1s now generalls beheved that rheumatic fever 1> an sbnormal o€
re-ction to the products of hemolvuc streptococcal mfection m a senutieed
individual A number of other observations supports this hvpothess Thus
allergme poharthntis with 2 latent interval of § to g davs ma follow the
mjection of foreign <erum polvarthnns mav simularly follow gonococea!
dysentenie and other bacteral mfections n individuals senatied by pre-
vious attacks associated shin lestons 1n rheumatic fever such as ervthem?
multiforme strongls suggest allergy Frmaliv xhecq\cnmenml“orkoledl
and Gregors (1933 194y) who succeeded in produang carditis of the
rheumatic tvpe m rabbits by njecting horse serum and of Cavelu (1947
who was equally successful m rats which were injected with an antigen
consisting of hilled streptococer and heart or connectsve tissuc emul 108
provides convincing evidence of the ewstence of an allergic form of cardms
which mav be related to the streptococeus and whch at least resembles
that seen i theumanc fever
The rel hip between rh fever and rhe d arthntis 18
still uncertain Serum from patients wath rheurnatord arthntis commonly
agglutinates all stratns of heemols tic streptococer in high dilution (DPawson
etal 1932) but docs not asa rule contain the high utre ants hremolyin®
characteristic of rheumanc fever (Stuart Harms 1935) nevertheless th*
2nt streprolysin nitre 15 much higher than m normal controls (Goldie and
Gnffiths 1936) Whether there 1s anv essential difference between the
patholo.y of the affected yoints and 1n the structure of subcutaneous nodules
1n the two conditions other than those which might be duc to the 38¢ of
the patient or to the chronicity of the lesion s still a matter of controy ers)
(Goldie 1938) The icidence of a rheumatic tvpe of cardrac leston i rheu
matoid arthnts 1s difficult to assess from the hterature but appears to
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range between 3 and 30 per cent m chnueal studies and between 2, and 66
per cent 1n post martem studies (Rogen 1947) These figures are probably
too hugh The subject 18 well resiened bv Bvwaters (1950)

PATHOLOGY

In a fulmmating attack which ends fatally within two or three weeks
t1 sue mucroscopy reveals only non specific lesions consisting of eedema
fragmentation of colfagen leucocytic nfiltration hypermmia and capillary
hemorrhage (Coburn 1933) Swmtlar lestons may occur 1n most acute
infections toxemias and allergic states and represent the Arthus pheno
menon (Werner 1938) Many ussues are so affected particularly the syno
vial membranes of the larger jonts the pencardum myocardium and
endocardum the pleura and lung Petechie may be seen chnucally 1 the
skin (purpura rheumatica) or in the ocular fundi and at autop v they are
often most obs10us 1n the pencardum and pleura Inflaramatory cedema of
soft tissues may be seen chimcally independent of arthritis Effusion tnto
the large jomts and sometimes 1nto the pericardial or pleural cavities 1s
characteristic and 1s the hest example of the exudative type of lesion

The specific theumatic e 1on bowever 1s prolferative and occurs
rather later 1t 1s characterised by the Aschoff node (Aschoff 190g) Thisis
2 small collection of farge often mulunucleated reticulo endothelial cells
muxed with lymphocytes and plasma cells surrounding a necrotic col
lagenous centre there 1s also fibroblastic prohferation Whlst 1t 1s 11 no
sense pernva.cular 1t lies 1n close relatonship to a vessel This leston 1s
particulardy well scen i the myocardum  Another example of the pro-
Uiferative lesion 1s the subcutaneous nodule which may be regarded as an
aggregation of A choff nodes with fibrobl Bissue d
Macroscopic nodules may be seen occastonally on the surface of the heart
(fig 8 o1)

Occasionafly vascular lesions are found in the viscera which show all the
features of panartentss Invoh ement of the cerebral pulmonary coronary
and mesenteric arteries has been described (Rutchie 1939) Secondary
thrombosis may occur but 1s uncommon Later the media may become
calafied

Rheumatic inflammation of the heart valves 1s a true valvulins the bane
ful agent entering the valve through the minute ve sels which supplv 1t
{Shaw 192g) There has been derable disagreement the
vasculanity of normal and disea ed heart valves Langer (1387) first demon
strated the dependence of valvular blood vessels upon the presence of
muscle he showed that vessels and muscle fibres reached the free edge of
the valve 1n the feetus and new born child but soon regressed also that
diseased valves nere frequently vasculansed whereas normal aduft valves
were not Gross and hugel (1921 1925-26 1927-28 1931) who studied

thie coronary circulation in detail by means of radiography after mjecting a
bam;m sulphate gel confirmed Langer s observations They also found
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that 1 the feetus the pulmonary valie was the one best provided with
muscle and blood vessels whereas in children 1t was the aortic cusp of the
mutral valve The fact that endocarditis tn utero usually affected the pul

monary valve whereas in children 1t usually affected the mitral valve thus
appeared to be und d The d d of valvuhtss as age
adwvanced was similarly explained More recent work based on the mjection
of Indian ink instead of barium gel howeser has thrown doubt on these

Fig 8 o1~ Vacroscopre nodules on the sutface of the heart

conclusions Vearn et al (1936) for mstance found capillaries 1n the
valves of 84 per cent of seventy four normal hearts and were unable to
correlate the relative tncidence of endocarditis of a given valie with the
frequency wath which it contamned blood vessels Thus the mutral valve was
rascularised in 66 per cent the tricuspid 1n 64 per cent the pulmonary 1n
28 per cent and the aortic in 16 per cent

In the acute stage of rheumatic inflammaton the valve 1s cedematous
and soon shows signs of damage just proximal to its free edge where the
cusps come into apposition 1¢ at the site of maximum natural trauma
Small thromb: form on the valie at this site guang nse toandge ortoa
row of small pink nodules As the nfl dary sclero-
a1s follows and results in thichening and shortening of the chordx (cndmct
1n thickening and distortion of the cusps and especially 1n fibrosis and
constriction of the mutral ring at the base of the valve According to Carey
Coombs (1924) mtral stenosis usually takes 2 to 8 years to develop If the
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mutral ring 1s spared and the brunt of the attack falls upon the chorde
tendine and the peniphery of the cusps mitral incompetence may eccur
without stenosss and may become extreme if ring dilatation follows owing
to didatation of the left ventnicle Rheumatic aortic valvulinis resufts m
thickening and distortion of the cusps with fusion of the commusures

secondary ealcification and stenosss are common L ricuspsd alvulitn, weth
late stenosss or incompetence 1s by no means rare

CILINICAY ITATURLS

In childhood the heart often bears the brunt of the attack and indecd
the jonts may escape entirely Once the heart has becn myohed however
carditss or sabvulitis should be assumed m alt subsequent attachs the
increased vasculanity of a valse which has been subjected to rheumatic
mflammation may partly explain this tendency te recurrence If the first
attack occurs over the age of 21 carditis 1s unfthely and becomes pro
gressvely rare with advanung years although 1t may sull oceur even m
oldage Polyarthriis on the ather hand becomes mereasmyly common

e diagnosis of theumnatic carditis 1s based an three magor 1ssues upon
signs of some wflammatory process upon esidence that thts process 1s
theumatie and upon proof of cardiac spvolvement

SIGNS OF SOME INFLAMAMATORY PROCESS

These are fever lfeucocytoms and elevation of the erythrocy te sedimen
tation mate Fever may be of any degree but 15 usually moderate or high
wnstially 1n children and moderate or low grade in adults 1t 1s srregular m
type and inclined to relapse it may last only 2 few days or 1t may contnue
for months The temperature 1s normal 1 subacute rheumatism and may
be normal when poly arthris s stll actiwe i acute attachs Leucacytosts 1s
shight ta moderate m the early phase of acute rheumatic fever figures of
10000 1o 1§ coo white cells per ¢ mm betng the rule The differential count
may show a shght relati e merease of polvmorphs but 1s often normal In
subacute theumausm the rotal count 18 commonh between 7 coo and
¥0000 per cmm The sedimentation rate 1s by far the most valuable
evidence of some active mflammatary pracess and s often remarhably high
when there are no ather signs Weelly readings have proted a relable
mdex of the course of the ds ea ¢ and of the degree of activty

Tt wilt be appreciated that these three features are non spectfic they
pont to some nflammatory Process but they do not deternmune 18 nature
S¢condary anemua and foss of weight or faslure to gam weght may be
regarded in a symitar bght Undue tachycardia presents a more contraver
sul problem whilst non specific for the most part and often due to amuety
it may undoubtedly result from rh cardttis and under certan
circumstances may provide good evidence of 1t
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EVIDENCE THAT THE INFLAMMATORY PROCESS 1S
RHEUMATIC

1 Polyarthnitis Non suppurative palyarthritis with sterile effustons into
the large joints 18 charactenstic Involved joints may be panful swollen
hot flushed, and tender, on the other hand shght effusion 1nto a knee jont
mav be detected when there are no other signs or symptoms or the patient
may complain of joint pans when there are no signs, as 1n subacute rheu
matism The older the patient the more often are the small joints affected
and 1t becomes increasingly difficult to disunguish rheumatic fever from
rheumatoid arthritis Pains and effusions tend to flit from jomt to jont one
recoverng as another 1s involved but not necessanly Occasionally, one
knee or other large joint alone 15 inflamed especially if previously injured
and may reman so for weeks or even for months but mimimal pans else
where may suggest its true nature Other forms of what 15 thought to be
allergic polvarthnitis: such as the dysenteric vartety may be indistingwish
able except on other grounds For example, dysenteric polyarthritis 1s pro
claimed by associated comunctivitis and urethntis and by 1ts relation to
dysenterv

In subacute rheumatism recurrent joint patns occur without effusion
and usually without fever or Jeucocytosis but the sedimentation rate 18
raised  Growmg pans  confined to the lups, knees or ankles mean sub
acute theumatism growing pains descnibed 1n the muscles Iigaments or
tendons probably do not {Hawhsley 1939)

2 Relationship to streptococcal infection The diagnosss 1s favoured if the
symp follow a strep I sore throat or some other streptococcal
infection tncluding scarlet fever There 1s a latent interval of 1 to 3 weeks
usually 10 to 14 days The signtficince of this relationship cannot be over
stressed It appears to be fundamentally the same as the relationship be
tween dysenteric polyarthntis and acute bacillary dysentery or between
gonococeal polyarthritis and gonorrheea Opportunity to study the dysen
tenc form was afforded by its frequency amongst the troops in North
Afnca and Italy in the second world war 1t was charactensed by acute poly
arthnus mvolving the large joints by r to sahicyt! y profonged
actinaty averaging about three months and by associated conjunctivitis and
urethntis Joint effusions wete $terile and cultures from the conjunctina
and urethra yielded no pathogenic organisms The provocative attack of
dvsentery was often abortive or very mild and the latent period 10 to 14
days A previous attack of dysentery was invanable and was usually un
treated Fhe evidence suggested that a fairly lngh degree of immumity was
necessary for the devel of the synd 1 polyarthnitis
was equally common and behaved simularly except that tenosynositis re
placed conjunctinstis and urethntts was primary The facts suggest that
rheumatic fever 15 streptococcal polyarthntis and bears the same refation-
ship to the streptococcus as does dysentenc poharthritis to the dysentery
bacith and gonococcal polyarthntis to the gonococcus but instead of con
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junctivitis urethntis or tenosynovitis there may be cardiis chorea or
marginate erythema
1f there 1s no histony of recent sore throat or other streptococcal infection
evidence of such may be afforded by an antt streptolysin titre 1n the region
of 200 I'odd umits High titres do not prove that an 1llness 1s rheumatic
fever only that there has been recent hemohvtic streptococcal infection
Similar proof may be obtained by finding that the patient s serum aggluti
nates an emulsion of hzmolytic streptococer at a titre of 1 200 Itas hughly
improbable that any case of acute rheumatic feser whether it be the first
attack or a recurrence will not show such serological changes
That continued hemolytic streptococcal 1nfection 1s not responsible for
the discase may be proved by the lack of improvement after treatment with
penialhin
3 Response 1o salicylates Jomt pams and effusions m rheumatic fever
commonly respond dramatically to sodium salicylate m 1mutial doses of 135
tozo gramns (1 to 1 5 G ) three hourly Aspirinis also effective Other forms
of polyarthritis (except perhaps that due to serum sickness) are not mm
proved Only the exudative lesion and the associated fever respond no
effect 15 observed on proliferative lesions Sodium sahcylate 13 often used
as a diagnostic test but although a good one 1t 15 not ifallible
4 Chorea Rheumatic or Sydenham s chorea 1s mysterious n several
ways First 1t has a solitary nature preferning to occur alone rather than
1 the company of other rheumatic marufestations Secondly 1t does not
affect the sedumentation rate Thirdly there 18 no specific rheumatic patho
logy in the bramn (Shaw 1929) Nevertheless 1t 1s certainly part of the
rheumatic state About 20 per cent of patients with chorea alone develop
rheumatic heart disease about 50 per cent develop other rheumatic man
festations with or without carditis (Sutton and Dodge 1938) and most of
the remamnder have a famihal hnk Clinscal features mclude spontaneous
ary nco ordi 1 t: lar weakness and alteration
of tendon jerks emotional mstabihity and some di turbance of higher cortr
cal function Occastonally 1t 1s more or less confined to one side of the
body Movements disappear during sleep
The diagnosts must be made from common tics and from hysteria 1n
general Rehance should be placed on the quality of the movements They
are quich complicated elaborate wregular and varted The same move
ment 18 rarely repested exactly The hands wnithe and twist the patient
trying to stop them or attempting to conceal them by some volitional act
She otten drops things she 1s holding especially erockery or she 1s clumsy
mn other ways Facial grimaces are odd and vaned unlike the repeated
twitch of a tic After protruding the tongue for inspection she withdraws
1t fike a lizard snapping the jaws over 1t When the hands are held out the
wnist 15 flexed and the fingers hyper extended The knee jerk mav be sus

tamed the leg being held up at the height of ats extension for an appreciable
nterval before relaxation occurs




(&)
Fig 8 ¢ —Erythema marginatum
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Hysterical movements are more jerky and show constant repetifion
Experience and farlianty with both conditions usually makes thew dis
unction easy  [he imvol y athetotic ts of enccphabiis and
Wilson s disease may be more confusing

¢ Skin lesions Petechiz may occur m the shin of 1n the fundi i tul
minating cases but are in no way specific Urticania erythema nodosum

Fig 8 03—Erythema multiforme

and erythema multiforme are sometimes seen but they too are not specific
They are probably allergre shin reactions and when associated with rheu
matic fever may depend upon skin sen to the P orto
1ts touns Urticana may be due to 2 host of antigens ervthema nodosum
to the tubercle bacillus the menmgococcus or other orgamisms erythema
maltiforme 1s perhaps more closely related to the streptococcus
Crythema margmatum (Barlow and W arner 1881) avanety of erythema

multiforme 15 espectally ymportant because 1t 13 pecular to the rheumatic
state (Cheadle 1880) It appears in rings crescents ovals or in srregular

orms characterised by a thin red margin outlning 2 patch of apparently
normal skin (figs 8 02a and b) It s distributed chiefly over the trunk and
proxamal part of the hmbs There may be two or three lestons or dozens
of them Sometimes the rash 1s at first composed of irregular erythema
taus macules {ng 8 03) but the centres soon clear leaving spreading red
margins (Perry 1937) Frythema margmatum may be fleeting or remark-
ably persistent asarule 1t 1s recurrent and may reappear from time to ime
long, after other e of active th have subsided




(b) On the back of the head
Fig 8 o4—Subcutancous theumatic nodules
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Subcutaneous nodules are good examples of prohferative rheumatic
lesions Like erythema margiatum they were first properly studied by
Barlow and Warner (1881) Varying m size from something so small as to
escape clinical perception to the dimenstons of a Barcelona nut they are
usually attached to tendon sheaths to the supcrficial surface of joint cap
sules or to other fastia so that the shin ndes over them freely Sometimes
they are partinlly attached to the skin and more or les move with 1t They
are best seen on the hnuckles (fig 8 04a) on the back of the head (fig
3 04b) on the clbows or on the knees In children thev are pracncally
dugnostic of rheumatc fever
but sunilar though uwsually :-5:‘ TS -
harger and more persistent - 2
nodules mav occur m Sulls
disease and in adult rheuma
tord  arthriis  (Hawthorne
1900) 1t 1> doubtful whether W
there 1s any fundamental differ
ence between these nodules
{heil 1938)

6 Pulmonary signs Because
of 1ts non specific chimeal
features pleurssy rarelv pro
vides evidence of rheumatic
fever but it 13 not uncommon
Paul (19.8) gave its incidence

as 10 per cent It may be dry or

1t may ghe nse to a sterile %

straw coloured effusion Re ¢ [
sponse to salicylates 18 10§ g o5 Chagra n showing rheumat o prea
different mona 1n a gl

Rheumatic  pneumonia 15
rare occurrmg m only 1 to 2 per cent of actne cases Symptoms are not
spectacular There 15 no chill breathing 1s not embarrassed the respiratory
rate 1s but hittle elevated and fever 1s not necessanly higher than before
Cough may be noted but 15 rarely troublesome The sputum 1s scanty and
tenzcious occasionally 1t 18 streaked with blood Physical signs include
duliness to p bronchial breathing and appeanng first
here then ther¢ Che trapsent and mmgratory nature of these signs 1s
characteristic Senal skiagrams confirm the presence of patchv wandermg
consolidation or may show a variable broncho pneumonic pattern (fig
8 05) The white blood count 1s Iittle altered Rheumatic pneumonta1 not

fl d by p it lph des or salieyl fortunately 1t does
not often appear to alter the course of the major 1llness

Most case studied at autopsy have been unu vally severe and consolida
uon has been extensive and mo tly lobar m distribution The affected parts
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are butky have a pecoliar succulent gelanimous appearance (Hadfield 1938)
and fecd fike ndiarubber i colour they are a homogenous rich purplish
red (Nassh 1928 Liman and Gouley 1928) and later smay be buff Micro

scoprcathy the predormunant finding 1s an extensne fibrinous exudate wiil

trated wath lear and mul teated cells Polymorphs and hym

phoeytes are scanty The cellular exudate 18 partly mterstitial but alse hnes
the alveolar ducts and may fill the alveols (Hadfield 1938) There s asso

cated hyperemn and edema Sceondary fibroblastic reaction develops
fater and when mterstitial may be responsible for pulmonary by pertenston
{Gouley 1938) Stmular lesrons have been produced expenimentally by Rich
and Gregory {1943}

Simple colfapse of etther fower lobe in the course of rheumatic fever may
occur and must not be confused with rheumatic pneumonia Its cause 18
obscure but st may be connected with the long recumbent posture It s
seen 10 many serious Hinesses whach confine a patient to bed for a fong
ume eg typhod fever Sometimes of course collapse of the left lower
fobe may be due to percardial effusion or to a greatly difated heart Pul
monary congestion ot eederna and nfarcts of the lung should be recognised
without difficulty

7 Tolerance ia Heparm Patients with acuse rheumatic fever show 2
remarkable tolerance to heparn and possibly to other sulphated pols
saccharides Thas ts at present under i estigation and may prove a useful
test for the active rheumatic state {Abrahams 1049)

EVIDENCE OF CARDITIS

Lo establish the diagnosis of rheumatsc cardiis may be one of the most
difficult chmieal problems i medicine There are howeer six relable
stgns when active rheumatism can be diagnosed on other grounds

t Pencarditis Lransient or more persistent percardsal frichon with of
without effusion can be recognised 1n about yo per cent of cases Rheu
matic percardiis has no specal features except that st 1s acute often fasls
1o alter the electrocardiogram and Jeaves no umportant sequele Effusion
13 common samples are straw coloured sterfe and have the physicat pro
perues of an exudate The cffect of sabicylates 1s doubtful Paracentests is
onlv required 1o reheve rardiac compression or breathlessness due to col
Iapse of the lung secondary to very farge effusions Chmcal detads are
stmilar to those i other forms of pencarditis and are described on page

1

42 Cardiac enlargement Displacement of the apex beat to the feft 1s com
mon 10 actine theumatic carditis. but not always easy to micrpret Ay of
the usual causes of tarduzc displacement may be sesponsible particularh
collapse or partial collapse of the left lower lobe, and abdonunal distension
“The size of the heart 15 best detesmuned by means of <enal skagrams (fig
86} esen then enlargement 1 often a matter of opimon Again appse
ciable ditatation of the heart may occur in any fever natural or arufical



Fig 8 o6 (a)—2gth October 1948
Sertal shi grams showing rapid desvelopment of cardrac enlatgement as a 1 sult of active
carditis



N 11z B ob t{by—30th Novembes 1048
12t shunrans showmg 1 Gt»d\)ﬁ\mﬂ\é of cardiac enfargement 2s @ resule of acttve
cardinis



Fig 806 (c)—gth December 1948

Seral skuagrams showmng rap d development of cardiac enlargement as & result of active
<
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{Weens and Heyman 1946) possibly because the cardrac output is rased
Unmustakable cardiac enlargement s a chuld with cheumatic fever 1s usually
due to established valve lesions or to heart faslure if those are absent
however 1t must be accepted as evidence of carditis

3 Heart farlure The development of congestne heart falure may be
accepted as proof of carditis in 2 patient with active rheumatsm  The juge
lar venous pressurce then nises the liver distends and the cardiac output
falls (Cdema ss uncommon In otherwise phicated cases orthop
paroxysmal cardiac dyspneea and pulmonary cedema only occur when there
15 advanced aottic or mutral valve disease

4 Mutral diastolic murmner The best evidence of carditis 1s the develop
ment of a soft mitral dustolic murmur (Carey Coombs murmur) n the
absence of other signs of mutral stenosis Autopsies have confirmed the fact
that this murmur may occur in active rheumatic cardrtis when the mutral
vahie 1s scarccly altered (Bland W huc and Jones 1935} It has therefore
been suggested thatats h ds upon left ventricular dilatanion
that 1t 13 related to the Austin Flint murmur and to the soft mutral diastolc
murmur which 1s occasionally heard an hypertenstve or thyrotexsc heart
fallure But 1t must be pomted out that the Carey Coombs murmur 15
frequently heard when no enlargement of the heast can be demonstrated
and st 15 more reasonable to believe that some change i the structure of
the mitral vahe1s responsible Whatever the explanation there rs no doubt
that this murmur eccurs early i the course of theumate cardius and

may disappear as actvity subsides More freq Iy hownever 1t s more
or less persistent or reappears on the least pravecation untl pre systohc
aca ton prock the develop of mutral stenosis {Carey Coombs

19-4) In asenes at Taplow st was transient 1n 20 per cent (Wood 1949}

5 dertic drastalic murmur  The development of an aortic diastohe mur
mur 1s equally good extdence of active cardins 1f its presious absence can
be guaranteed o other signs of aortic incompetence may be present be

cause the mmal leah 15 smalf

Iihe the Carcy Coombs mur
J' - ; ny l l mur a basal diastolic musmur
f*‘ 1s occasionally transient {10 per

cent) When first heard 1t may

2 be remarhably short and its on
i ~ set veny shghtly delayed per
“"’"‘J_f—"'\:“}h'} Mt haps not diml’opmg )unnlpxhe
JR . — left ventnicular pressure has

fallen below zero at the end of

ssometnc relaxation

6 Tlectrocardiographie ab

normalities  Obvious  electro

Fuy §oy—Flectrocardiogram showing pro-  cardrographic changes are the

fongation of ‘hefuﬁﬁ.'é‘gllx}f.‘,' cuseolactne o ception rather than the rule
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thus an apparently normal graph in no wav excludes cardins Senal
records however may show transient prolongation of the P R mterval in
about 10 per cent of cases (fig 8 07) Normal conduction may be restored
in 9o per cent of such cases by means of 1 to 3 mg of atropine sulphate

CARDITIS NO CARDITIS

A e
28 L
s =
ESR (wesr) ESR
293 AEADINGS READINGS

Fig 8 08—Graph showing QT plotted agamnst the sed mentation tate 1 6o cas s of
= tive theumat ¢ ca d s and 1n 14 theumatic f ver controls without cardit s
{By t fD Derk 4br ham )

(Bruenn 1937) Occasionally partial heart block 1s persistent or pro
gresses to complete block Nodal rhythm 1s sometimes seen and rarely
bundle branch block Alterations of the RS T segment usually denote
pericarditss and exhubit the characteristic T pattern

Prolongation of the Q) T interval was found by Taran and Szilagyr (1947)
m pracuically all cases of active carditis and this has been confirmed by
Abrahams (1940) at the rheumatic fever centre at Taplow In fig 8 o8 the
corrected Q T interval (QT,) 1n sixty cases of active carditis and fourteen
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cases of theumatic feser without carditis has been plotted agamnst the sedi
mentation rate on 2 loganthmic scale It will be seen that about go per cent
of those with earditis have a QT longer than o 42 second whereas all but
one of those without cardius fall below this level Iig $og shows the
behaviourof Q I . 1n six typrcal cases of acute rheumatic carditis wath raprd
recovery Infig 8 10 a relapse 1s portrayed 1t may be observed that Q I
then remans grossly prolonged although the sed rate 15 falling
towards normal If the long, Q T s 1gnored and the patient 1s allowed up
relapse 15 Iikely to occur (fig 811)

Paroxysmal tachy cardia may occur but contrnibutes hittle to establishing
an etologreal diagnosis on the other hand auncular fibrillation or flutter
developing im the course of actre rheumatism provides good evidence of
carditis although there 13 usually old standing mutral stenosts as welt

7. Gallop rhy thm Gallop rhythm 1s more inconclustve 1f1t 15 presystolic
carditis 13 probable if it1s prote dustolic 1t cannot be distinguished clint
cally from a normal third heart sound f 1t 1s 2 summation gallop no con
clusion can be drawn though 1t 1s suspicious Analysis may be difficult for
undue tachycardia 1s common in these cases whilst carotid sinus slowing 1s
minimal

8 Systolic murmurs Finally there 1s the problem of the apical systolic
murmur May 1t be disregarded or does 1t indicate mitral valvulitis? Con
siderable experience 15 required to gauge 1ts significance The systolic mur
mur of mtral 1ncompetence associated with active rheumatic carditis may
be due to ning dilatation or to mutral valvulitss It usually begins with the
first heart sound and lasts throughout systole 1n quality 1t 15 commonly
loud smooth and blow ing Sometimes however the murmur may be rough
ormusical and may be accompanted by a thnll When such murmurs offer
the only evidence of carditis 1n children with rheumatic fever or chorea
chrome rheumatic heart disease develops subsequently 1n 45 per cent of
cases under suular eircumstances when the murmur 15 soft and untm
Pressive subsequent rheumatic heart disease develops 1n only about g per
cent (Boone and Levine 1938 Kuttner and Markowttr 1948)

It will be seen then that the diagnoss of active theumatic carditrs rests
upbon six features the presence of any one of which 15 diagnostic when
@soctated wath active rhewmatism Gallop thythm and 2 mutral systolic
murmur properly analysed and interpreted may be suggestive but are

rarely conclusne

When there 15 no extra cardiac evidence of active theumatism the pro
blem 15 different Under these aircumstances pencarditis may be tuber

culous or Pyogenic cardiac enlargement and failure may be due to other

causes mutral and aortee diastolic murmurs may be attnbuted to old vale

lesions and electrocardiographic abnormalities may have other explana

tions The differentral dragnosts may then include congemtal heart di ease

tuberculous or pyogemic pericarditis Pick s disease subacute bacternal

endocarditis diphthentic and other forms of carditis pulmenary heart
s
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disease and anema Nevertheless rheumatic carditis may occur without
evidence of theumatism elsewhere and active rheumatism may be afebrile
and associated with a normal white count and ES R A diagnosss of rheu
matic carditis 1s therefore justified if the cardiac lesson 1s characteristic even
when there 1s no other evidence of rheumatism or even of an mnflammatory
state Again if there 1s evadence of an :nflammatory state a sustable cardiac
leston may proclaim 1ts rheumatic nature when there 1s no other rheumatic
mamfestation

COURSE AND TREATMENT

All cases of acute or subacute rheumatic polvarthrts should be put to
bed and treated with sodium salicvlate 15 to 20 grams (1 to 1 5 G ) com
bined or not with twice as much sodium brcarbonate three hourly (Lees
1904) until reheved or until ninging 1n the ears and deafness pronounce
mtovication when the interal between doses may be increased to four
hours The effectrve blood level of salicylates 15 about 30 mg per cent
Fever pain and joint effusions usually subside quickly but proliferatne
lesions ncluding cardwis are resistant The action of salicylates 1s un
certatn 1t has been suggested that they may inhibit anttbody formation
(Denck Hitchcoch and Swift 1927-8) Touc effects are mnimsed
by alkahis this has been attributed to an increased rate of salicylate excre
tion 1n their presence (Parher 1947 1948) Peters (1947) however did not
find that this matensally affected the blood level and claimed that alkahs
enhanced the therapeutic benefit of salicylates Tovic effects include
petech d with prol of the prott bin time (Link ef al
1943) Tatal hemorrhagic encephalopathy has been reported (Ashworth
and Mchemie 1944) Circulating prothrombin can usually be restored by
means of vitamun K 1n doses of 10 to 50 mg (Shapire 1944)

When the patient has been free from symptoms for a week or if he fails
to denve benefit salicylates should be stopped If clinical relapse follows
no harm 1s done for the exudative leston 1s relatinely nnocent and 1s soon
controlled by another course

By far the best index of activity ts the E S R which should be measured
weehly and as a rule the patient should not be allowed up until 1t 1s normal
This apphes especially to children 1n whom cardstis should be assumed for
purposes of early management Adults without evidence of previous or pre
sent carditts may be treated more lensently and may be allowed up as soon
as they appear well enough on clinical grounds The duration of bed rest
varies between 2 week or two and several months according to the seventy
and persistence of the actne process If patients are allowed up too soon
swift relapse 1s the rule

Jotnts may be partly or completely immobthised n the position of mav
murm comfort n the acute phase and some soothing lotion such as ot of

wintergreen or Jead and opium may be apphed Contractures are not 2
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feature of rheumatic fever but foot drop should be prevented and elbows
and knees should not be immobilised too long

Recent work at the Mayo Clinic on the beneficial effect of compound E
(17 hydroxy 11 dehwdrocortico sterone) on rheumatord arthnitis (Hench ez
al 1949) has provided a new approach to the treatment of rheumatc
states in general butit1s too early to comment on the results so far obtained
n rheumatic fever Jomnt pans appear to be relieved as quickly as with
sihicylates but a beneficial effect on carditis has yet to be demonstrated
Cortisone (adrenal cortical hormone) 1s the active agent the liberation
of increased quantities of natural cortisone may be brought about by
the admmistration of A C I'H (adrenocorticotropic hormone of the
Prtuttary)

Sulphonamides and pentciilin are of no value except perhaps in the
treatment of the provocative streptococcal infection or if the latter persists
Tonstllectomy 15 only necessary if there 15 chronic sepsis or if there 1>
tecurrent tonsillitis 1t has hittle influence on the disease and does not pre
vent relapse or recurrence (Ash 1938) A good nounshing diet fresh ar
vitamuns especially vitamin C appropnate treatment of secondary anzemia
and high morale are more important

Chorea usually lasts 6 to 12 weeks Patients should be put to bed dunng
the actrne phase and may need heavy sedation If there 1s no evidence of
carditis they may be allowed up when recovery begins They should be hept
away from school and from social engagements until well

Carditis requires absolute rest Little else 15 of lasting value Digitahis
13 helpful when there 1s congestive heart fmlure and although the thera
peutic dose 1s sard to be close to the touc 11l effects have not been observed
at Taplow Mercunal druretics and a low sodium diet are razely necessary

Absalute rest means that the patient 1s allowed to do nothng for hrmself
he 13 washed and fed and must use bed pan and urme bottle Diet should
be light and constipation avorded In the past 1t was usual to msist on
nursmg the pavent 1 the horizontal position with one Jow pillow but 1t
1s clear from, experience gatned in the treatment of 2ngina decubitus and of
paroxysmal cardiac dyspneea and from certain direct mvestigations n man
that the cardiac output and therefore the work of the heart 1s greater in
the honzontal than 1 the upright position owmng to the influence of
graity on the venous filling pressure It 15 therefore logical to murse
patients with carditis 1n the sitting posture The wisest course may be to
chose the postion of mavmum comfort whether lymng or sitting unless
thete 1s tature when the latter should be insisted upon

Comvalescence from carditis should be extended over several months
the regime bemg sumlar to that for pulmonary tuberculosis Relapse 1s
common and may be due to over exertion exposure emotional upset cold
damp weather 2nd to almost any mfection Relapse follows the advent of
the responsible agent ly and must be d hed from a recur
rence or second attach of theumatic fever m which streptococcal mfection
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1s always to blame, and following which a latent interval can usually be
recogmised To avoid such infection prophylactic sulphonamide may be
gvenn doses of 1 to 2 G daily whenever some risk 1s encountered At least
one recurrence occurs m two thirds of all cases usually within three years
(Roth Limngg and Whttemore 1937)

It 15 as 1mportant to prevent cardiac neurosis 1n patients with organic
heart disease as 1t 1s 1n those without This 1s a difficult task 1n suscepuible
indnviduals for reassurance cannot very well be unconditional Rheumatic
carditis may be symptom free and pass without influencing the subject s
activities at all Thus only about 55 per cent of cases of mutral stenosis grve
a history of the onginal attack (Parkinson and Hartley 1946) Many others
are only restricted by subacute rheumatism Lattle immediate harm comes
to these pattents indeed there 1s no direct evidence that subsequent de
velopment of mitral stenosts could have been prevented by bed rest at the
time of active mnflammation It follows that failure to diagnose carditis when
1t 1s present in rheumatic fever 1s not necessanly disastrous On the other
hand 1ts diagnosss 1 error may not be far short of 1t for the resultmg
cardiac neurosts which 1s so common may be life long and may be more
incapacitating than organic heart disease Physicians should be more aware
of their responstbility n this respect Too much emphasis 1s laid on over-
looking 2 mild leston not enough on finding what ts not there The most
common mustake 1s to misinterpret tachycardia A patient confined strictly
to bed for several weeks with rheumatic fever 1s fully aware that his
heart may be mnvolved and 1s likely to become nervous on that account
Tachycardia may then be due to anxiety Agamn the autonomic nervous
system 1s frequently disturbed by fever and infections of all kunds tachy
cardia dizziness headache and fatigue may result especially during con
valescence when activities are resumed Such findings call for reassurance
and rehabihitation not for alarm and further rest

In the absence of diagnostic evidence of carditis throughout the active
phase of th fever subseq medical should be based
on the assumption that none existed not upon the fear that 1t escaped
recogmtion and patients should be sent for convalescence as after any other
fever of equal sevenity This attitude 1s based not on the belief that car
ditis does not occur 1 a certan percentage of children with rheumatic
fever but on the fact that if 1t does occur mn an indetectable degree 1t 15
erther of no consequence or it 1s not aggrasated by this kind of manage-
ment and on the fact that the over cautious attitude breeds neurosts

MORTALITY
The mortality rate from actne rheumatic carditis 1n childhood and
adolescence 1s about 6 5 per cent (Scott 1943) About half the fataliuies
have some important complicauon In the majonty (62 per cent) death
occurs within five years of the imitial attack (Bland and Jones 1938) Bad
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prognostic omens include rapid cardiac enlirgement obvtous nodules
penicardinis auricular fibnllation and congestive heart falure Sudden un
expected death 1s rare 1n rheumatic carditis 1n contrast to 1ts frequency 1n
diphthenti¢ and other forms of tovic carditis There were only three such
instances amang a group of 7 16, cases of active rheumatic fever reported
by Gnffith and Huntington (1946) coronary angutis was blamed
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CHAPTER IN
INACTIVE RHEUMATIC HEART DISEASE

HECMATIC cardrtss vefers to 2ctine mnflammavnon of the heart, The
after-effects, which mnclude valvulr sclerows patchy mvocardsal
fibro13 and adherent pencardium are best descnibed under the

general heading of rheumnauc heart dicease to which the approprate ana-
tomucal abnormahty mav be append~d Thus we may <peak of rheumauc
heart disease with mitral stenosis
Inciderce About , per cent of healthy voung adults gne a previons
tustory of rheumanc fever i childhood (Parlinson and Hartles xg.6) Tt
15 clear therefore that all patients who have rheumanc fever do not Iater
develop chmcal rheumanc heart diease. dccording to Carev Coombs
{1924} o per cent of children who have their firct artack of rheumate
fever before they are five vears old and 235 per cent of those whowe firt
attach occurs after the age of ten <ubsequenth develop rheumatic beart
diseaze
From large samples of the vounger male populanon of Great Brtan
examined for mibtan service berween 19,9 and 1943 3t was caleulared
that there were about 240 600 cases of rheumatic heart disease of toh
<exes between the ages of 18 and 44 1n Great Brtan at that time or abot
7 per cent of the population i that age-group (Parkinson 194.) Rhev-
matc heart disease accounts for approumately 2, per cent of all eases of
heart disease 1n temperate climates and canses about 16 000 deaths annudhy
m England and Wales
Pracucalls all chinical cases of mactive rhzumatic heat disease have o7e
or more vabe lesions The mutral valve 1s mvolsed m S5 per cent the
207U 10 44 per cent, the tncuspid 1n 10 to 16 per cent and the pulmonan
10 1 to 2 per cent (Cabot 1926) Mitral disease 1s more common wn females
tn the ratio of 3 2 20rtic valve disease 15 equally more common n ruales

LESIONS OF THI VAIVLS

1+ MITRAL INCOVIPETENCE

In the last centuny this was the most common valve lesion diagnosed
Owing to the exertions of Mackenzie Lewts, Parkinson and others yecent
vears hase watnesced 2 dugnos 1c revolution <o that now a phvsicun who
asserts that a patient has ormamc mutral mcompetence must be ven sure of
tus grounds The change outlook has saved a bost of normal <ubjects

from tvalidiem Nevertheless mitral ncompetence 1s a reaf entity and the
ER)
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whole problem must be critically examined 1 he difficulty hes 1n the inter
pretation of apreal systolic murmurs In the past these were ncarly always
attnbuted to mutral mcompetence and the latter was belheved to be the
consequence of valvular disease It 1s now hnown however that apical
systolic murmurs may be cardiac or extra cardiac and if cardiac may be
due to mutral incompetence or to some other factor mutral mcompetence
stself may be organic or functional These possibilities will be considered
m detail

LXTRA CARDIAC MURMURS

The heart expanding 1n dastole may press upon a portion of lung, so that
the latter suddenly decompressed in cardtac systole sucks m atr and gives

Fig 9 o1—Phonocardiogram showing an mnocent systolic murmur at the mitral area
By out y fD 1beyL tham)

nse to a systolic vestcular murmur This ts soft and vanes with respiration
and with change of posture Normal friction between two healthy serous
b dequately lub d may give rise to 2 murmur indistin

guishable 1 quality from the ordinary soft apical systolic bruit (Ortiz
1933) Such murmurs are probably exaggerated by overaction of the heart
as 1n thyrotoxicosts anzmia and the ansiety states

Innocent systolic murmurs have been said to begin some time after the
first heart sound (Cvans 1947) but this 1s not generally accepted many
such murmues beginning early 1n systole (fig 9 or)

CARDIAC MURMURS

(@) Wathout mutral incompetence In aortic stenosis a systolic murmur
undoubtedly produced at the aortic valve 13 sometimes heard best at the
apex beat It follows that a functional murmur arsing at the base may abo
be heard best at the apex beat It should be understood that this site com
monly represents the apex of the left ventrcle and 1s therefore 1n direct
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communication with the aorta Functional murmurs may result from tur
bulence at the toot of the aorta m normal subjects espectally when the
cardiac output 1s mcreased Harsh or musical apical systolic murmurs may
occur n hearts which offer no obvious mechanical explanation when
exarmined later after death It 1s thought that these may be due to unusual
vibration of the chordwe tendinee
() Mutral ncompetence (functional) Lxperiments after death show that
the aortic valve 15 competent and the mitral incompetent when water 15
poured mto the aorta or left ventricle respectively During hfe proper
matral closure depends upon adequate constriction of the mutral nng and
upon sufficient slackness of the inelastic chordz tendinez which, acting as
guy ropes  anchor the valve cusps to the wall of the left ventricle When
that chamber 1s dilated the mutral ring, 1s expanded and stretched chordx
tendines may prevent the cusps falling back sufficiently to come 1nto close
app F [ mutral p 1 left ventnicular failure 1s
therefore more or less imevitable It may also complicate left ventricular
dilatation in the hyperkineuc circulatory states and 1n any form of carditis
F d matral P of this kind seems to occur naturally in
some otherwise normal hearts perhaps due to some shght fault 1n archi
tecture It 1s of no consequence
(¢) Mistral incompetence (orgamc) Organic mutral incompetence refers to
disease of the mutral valve which prevents tts proper closure Itas nearly
always rheumatc and may be associated with shortening and thickening
of the chordz tendinez In the great majonty of cises the mitral ning and
base of the cusps are also sclerosed resulting 15 raitral stenosis In climieal
diagno 15 the latter 1s so much the more important that the other 1s hardly
worth mentiontng i 1ts company But if there 1s no stenosis organic mutral
corapetunce leads to a well defined chinical picture Duning systole the
left aunicular pressure and volume nse well beyond normal imits and the
chamber expands visibly Dunng diastole the left ventricle becomes abnor
mally distended as a resuit of this high filling pressure T he stroke volume
propelled into the aorta thus remains normal In other words nereased
distenston of the left ventoicle compensates for the leak In time both the
left auricle and ventricle may become considerably enfarged
T he diagnos:s of organie mutral incompetence 1s based upon the follow
g features
1 An impressive mitral svstolic murmur “This 15 not necessanly Joud
ot harsh but 1t usually begins early Iasts throughout systole and has a
charactenstic blowing quabty (fif, 9o2a) The intensity of the murmur
should not be altogether disregarded  as follow up studies on cluldren with
suspected sheumatic carditis have demonstrated clearly that those with
Joud murmurs are five times more likely to develop chromje rheumatic
heart disease than those with soft murmurs (Boone and 1 evine 1938
huttner and Varkowitz 1948) [he foud fate svstolie murmur which
seems 10 INCICAsE 1N Inten 1ify as 1t MCrges mto the second heart sound
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(fig 9 o2b) though may undoubtedh be due to
organic mitral incompetence thus 1t may be associated with mitral stenosts
or with expansile pulsation of the left auncle

2 \Mtral systohic thnll As a general rule a thnll means organic disea e
but there are exceptions Conversely many cases of mrtral incompetence

Fg 9oz (b)—Loud! tesystol c murmur in a case of organ ¢ m t al ncompetence
(Fy ot y JD Wl mE dd brey L tham)

have no thnll When there 1s 2neurysmal dilatation of the left auric] 1y
thnll may be felt to the night of the sternum

3 Left ventricular enlargement This 1s vanable It must e Judged on
chinical radiol 1 and d p d fig go3)

4 Dulatation and systolic expansion of the left aurle Skiagrams ahiow
ing left auricular dilatation 1n the antero posterior or right antcrior oliigue
position do not distinguish mutral mncompetence from mitral stestomia (£
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2 33) but when viewed fluoroscopically th= former 15 recognised by expan-
sile pulsation of the left auricle ducing ventricular systole If cardiac move
ments are correctly mterpreted this 1s diagnostic Juymography facilitates
analysis

‘There are two distinct clinical types of organic mutral meompetence
those that develop aneurysmal dilatation of the left auricle and that behave
like cases of mutral stenosis and those that develop increasing left ventr
cular enlargement and which
behave mare like cases of aortic
stenosis (with which they are
readily confused)

The prognosis of orgamc
mutral 1ncompetence 15 far
caseswith aneurysmal dilatation
of the left aurcle usuallvy die
between the ages of 30 and 45
those with large left ventricles
may be expected to survne to
the age of 50 or so but then
succumb rather suddenly to
irreversible heart farlure

2 MITRAL ST1ENOSIS
Pathology Reparatne fibro
blastic prolferation  already
described as part of the rheu
matic lesion has unfortunate
Fig 9 03~—Skiagram showing dilatation of the  results when situated at the

1eft ventuicle in a case of organic mtral ncom
petence On Ruoroscopy the outlne of the ety 035¢ of the mutral cusps or m
auncle expanded visibly during svstole the mitral ring for here sub

sequent contracture leads to
stenosts of the valve This 1s the common sequel of rheumatic carditis
as the base of the valve 1s 1ts most vascular part and therefore the most
effected The lesion takes at least two year to develop sufficiently to
give nse to physical signs usually much longer (Carey Coombs 19-4)
The degree of narrowing vartes from an amount msufficient to have any
effect on function to tight button hole stenosis with an onfice which barely
admuts a pencil  Caleification 18 common in elderly subjects Assocnted
rmtral tncompetence 1s the rule but s relatnely ummportant
Disturbance of function 1he blood flow bemng obstructed at the mutral
valve the pressure rises i the left auricle and pulmonary vemns  [his at
first compensates for the obstruction and insures full left ventnicufar filling
the greater speed of blood flow through the mitral onfice making up for its

<maller cross section
Next the increased pressure i the left auncle and pulmonary veins
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causes a nise in pulmonary artenal pressure so that the normal pressure
gradient 1s mamtamed There 1s little to support the view that pulmonary
hypertension 1 mitral stenosis does not depend on the left auncular
pressure but upon some hypathetical reflex or upon rheumatic pulmenary
arterius (Gouley 1938) On the contrary left auncular pressures when
measured at thoracotomy may be very high indeed and amply explan
mean pulmonary artery pressures over jo mm Hg

When relatively healthy the left auncle hypertrophies and so ncreases
the presystolic pressure gradient between aurncle and ventricle This con
tributes further to adequate left ventnicular filling, Not infrequently how
ever myocardual fibrosts weahens the left auricle and favours dilatation of
that chamber Sooner or later left ventricular filling 1s hampered and the
cardiac output tends to fall or cannot meet the demands of effort The pulse
volume becomes small and the zorta and left ventricle hypoplasic

At the same time the nght ventricle hypertrophies to cope with pul
monary hypertension and the pulmonary artery dilates There 15 a per
manent shift m blood distnibution more being held in the pulmenary
arcufation and left auricle than usual and correspondingly less on the
systemic side The wital capacity and lung volume are thus reduced and
the pulmonary circulation time prolonged If the blood volume does not
mcrease 3 s\stemuc v results adapting the sys
temic vascular capacity 1o 1ts reduced contents and so mamntains the blood
pressure Hence the small pulse 1s firm and the shin 15 cold pale and
cyanotic

Dyspneea at this stage 1s not due to an increase of carbon dioxide acting
on the respiratory centre nor to reduced oxygen tenston acting on chemo
receptors 1n the carotid sinus for the gaseous exchange s still normal It
1s intimately connected with the engorged pulmonary circulation This
€xcites a respiratory reflex through pulmonary vagal afferents whereby
breathing, becomes quicker (Harrison 1935) The Henng Breuer reflex s
ordinanly concerned with limsting the depth of insprration and 1s initiated
by stretch receptors which are probably situated 1n the walls of the ah eolar
ducts The h 1s inhibitory and 1s abolished by section of the
pulmonary vagal afferents Just how vascular engorgement increases the

actvity of the stretch receptors 1f these two reflexes are the same 1s not
clear

Tikewsse cyanosss 1s not due to reductron of the arteral oxygen satura
tion for thus does not occur unless there 1s pulmonary cedema or other late
changes 1n the lung parenchyma Cyanosts 1s usually attributable to pers
pheral vasoconstriction

In an attempt to increase the cardiac output the venous filling pressure
tends to rise especially on effort and for a tine this mechamism mav prove
successful but sooner or later paroxysmal cardrac dysp or
heart failure develops

Chnical features Well established mutral stenosis 1s characterised cling
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cally by 2 malar cyanotic flush on a pale background cold cyanosed
extrermities a small firm pulse tapping cardiacimpulse slapping first heart
sound mutral diastohc murmur sath or without thill and with or without
presystoltc accentuatson and by a loud pulmonary element of a normally
sphit second heart sound at the base The diagrosis may be confirmed by
means of fluoroscopy and electrocardiography

The mtral diastohic brust can always be recogmsed whererer 1t 1s heard
by the presence of an appreciable gap between it and the sccond heart
sound (fig g 04) If the drastohe blood pressure 1s 8o mm of mercury then
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the pressure within the left sentricle 15 just below this level when the
aortic valve shuts e at the moment of the second heart sound As
the pressure within the left auncle 15 then much lower the mutral
sahe remans closed and cannot open untl the wtrasentrscular pressure
has fallen below the auncular The duranon of this pause vanes from
oob 1o 01y second (Braun Menender and Onas 1935) The openng
of the mitral valve may give nse 1o a sharp sound—the opening snap o
Potan—and eomardes with the summat of the + wave of the jugular phie

bogram (Margalies and Wolferth 1932) Voreover the mtral diastohc
musmur may be delayed stll further for tushulence may not develop untl
the moment of rapsd sentsicular filing which comades with the thrd
heart sound and with the lower half of the downstrokeofthe s waseofthe
jugular phlebogram The only occastons on which the gap may not h:
recognised are when gross mutral incompetence causes a systolic murmu
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Fig 9 os—Phonocardiogram at the apex beat 1n a casc of patent ductu sho g a
unctional mitral diastol ¢ murmur
{By tsy fDr F nees Gard er ond A x Zoob)

Fg 906—Phonocardiogram showing a crescendo p esy tol ¢ murmur timed sgaimst the
elect ocardiogram and phlebograrn
Byeo t y fDr W lumE an and A brey Leatham
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that continues dunng the penod of 1sometne relaxation T he characterssuié
mutral diastohic brnt 1« low pitched and rumbling 1s heard best wath a bell
stethoscape and mav be cxaggerated when the patient Jies on the left side
or when the cardiac outpuy 25 nereased by means of exercise or amy)
mtrte Lhe recopnition of this murmur often dependgupon the exammer s
ability to concentrate upon that phase 1n diastole 1n which he knows it
should anse to the exclusion of all other sounds Never was attention
directed to a preconceived sound more amply rewarded Presystohe accen
tannon {Fvavel 1843) (Big 9 06) depends upon muncular contraction
(Gawrdner  1861) and necessandy dwsappears when the auncles fbnlflate
G W { put y P causes 2 basal distolic
raarmur down the teft border of the sternum—the Graham Steell murmur
(Steclt 1888) There 15 no sure way of distinguishing this murmur from
that of aortic sncompetence but 1t tends to be more local 1s placed rather
fugher on the feft and may be fower i pitch Interpretation howeser
15 more safely based upon the presence of gross dilatation of the puf
monary artery on the one hand and upon other evidence of aortic valie
disease on the ather

The mutral diastahic murmur s not quite pathognomome of mteal
stenosts for turbulence giving tise to an sdentreal brutt may occur 1n actine
rheumatic carditis gross aorhic
Comy e (Ausun Fhnt
1862) and when left enineular
dilatation 15 assocated with m
mereased  pulmonary  blood
flow as i patent ductus
arteriosus {hf, gog) rentncu
far septal defect thyrotosicosns
and anzema

1 rav appearances Fluoro
scopy  reveals  charactenstic
changes m the size and shape
of the heart The aorta 1s mall
the pulmonary are dilated, and
the hilar vessels engorged The
difated left auncle otten causes
a bump on the left border of the
heart between the pulmonary
artery and left ventncle 2
promnence which 1s seen n no
other condiion {fig g o7) Left
By oot salmlue  auncer siargemint & ke
B imomary e and the feft sentrcle ‘The  best m the nght antesior
Tt auncie may slso be seen st she rught dorder  oblique pomuon with barwm
of the heart ab ve and overlapping the Iht Ty @sophagus (g 90%)

sunicle




Fig 9 0B—Skiagram of a case of mitral stenosis Fig 9 og—Skragram o a case of m tral stenosis
showing dilatation of the left aurcle in the sho 1ng dilatation of the left auricle in the left
right anterior oblique positin The eesophagus anterior obl que posit on

15 outlined with bar um

E
> <
F g 9 to—bkiagram of a case of m tral steno 15 Fg ¢u—Angocardogim n  case of
showing mil ary nodul s in the lungs due to mtral steno s Show ng the left aunicle n
mo deros s th second obl que position

T 289
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As a rule the chamber enlarges hackwards and to the nght and may
often appear in the antero posterior view just abave and overlapping the
nght auncle (fig 9 07) Occasiomily 1t enfarges backwards and to the left
when 1t may be seen best in the left anterior oblique position just above
and overlipping the shadow of the left ventnicle (fig g og and g 11} Ap

pearances a the lung fields occasionally resemble those of miliany tuber

culosis (fig 910) [hey have been asenbed to pulmonars hemosiderosts
sumtlar to that seen m certain hemoly tic anemias of childhood (Gumpert

1947)

Fig o sz—Flectrocardiogram in a case of mutral stenosis showing widened bifid P waves
particularly m Jeads 5 %5 and V6 The heart 1s vertscal

Anglocardiograms prove that the bump on the left border of the heart
between the pulmonary arc and left ventricle 15 the left auticle not the
conus of the nght ventricle

Electrocardiography Tlectrocardiog tv show widened bifid
P waves particularly i leads 1 2 V4 V, and V6 (fig g 12) ndicating
1eft aurcular enlargement they are not necessanly very consprcuous (fig
9 13) Occasionally P s tafl and harp (fig 9 14) as m pulmonary heart
disease indicating nght aunicular enlargement Pulmonary bypertension or
tricuspid stenosts may then be responsible  When there 15 cansiderable
nght ventricular enlorgement, partial nght bundle branch block 18 common
Jlthough standard limb Jeads may give bitle mdication of 1t (fig 9 15)
Right a8 deviation 1n mutral tenosts 1 usually due to a vertical heart the
QR complex from the left ventricle being transmitted to tead VF (fig 9 12)

.



MITRAL STENOSIS

Fg 914—St nd dlead lectroc rd ograms in 4 cases of mt | stenos  howing tall
sharp P 12 esTke those s 1 in pulmonary heart disease
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or it may be due to partial right bundle branch block, the RS comples from
V6 benp transmutted ta VL and the RSR pattern from Vi bewng trans
mtted 1o VI the heart then being electrically honizontal In rape snstances
a QR complex may be seen 1 lead V1 this 1s probably due to clockwise
ratation about the longitudinal avis (viewed from below) and represents
potentials at the back of the heart

Va I vy

Fig 9 13~~Llcctrocardioyram 1n 8 case of mutral stenosis showing partral night tundle
branch block

Functional studies The wital capacity and fung solume are reduced and
the arm to tongue circulation time 1s prolonged m proportson to the degree
of pulmonary congestion The jugular senous pressure and night suncular
pressure tend to be slightly elevated when there are symptoms of effort

J ~before the develop of congestne heart fmbure proper
When climcaily the venous pressure 1s normal 1t mav vet be possible to
demonstrate 1ts conspicuous elevation on effort This 1e good estdence of
limited cardiac reserve

The nght ventncutar pressure measured by means of cardiac cathetert
sation 1s usually somewhat rused mean figures mostly ranging between
10 and jo mm Hg above the mean nght auncular pressure In tight
stenosis with paroxysmal carduc dyspnea however etremelv gh
pressures are found (30-60 mm Hg)

The arternal oxygen satutation rematns narmal until the termnal phase
apart from attacks of pulmonary edema The cardiac output may be withtn
normal hmsts at rest but unable to meet the demands of effort when con
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gestnve fallure develops it 1s always low The arterio venous oxygen
difference 1s then increased

Complications
1 Auncular fibnllation  Auncular fibnllation 15 common occurring
sooner or later i §0 per cent of cases Its maidence bears a linear relation
ship to the age of the patient When 1t occurs 10 adolescents or in young
adults 1t nearly alwavs signifies rheumatic actisaty  Although it may eccur
1 paroxysms at first 1t soon becomes permanent and attempts to restore
normal rhythm with quinidine are apt to be fruntless and dangerous Aur
cular flutter 1s less common but by no means rare In fact mitral stenosis
1s the most common cause of flutter Such changes of rhythm are important
because they may provoke heart failure and because they increase the nish
of embolism
2 Congestize heart farlure Paroxysmal cardizc dyspneea and pulmonary
edemna are due to mitral stenosts 1n about g per cent of cases when they
represent considerable obstruction at the mutral valve and a strong nght
sventricle acting with normal rhythm  Attacks are prone to occur on effort
when the night ventricle pumps more blood into the lungs than can escape
through the tight mitral orifice They are readily induced by a nigor Con
gestive heart failure may occur with normal rhythm or may follow the
onset of auricular fibrillation or flutter Recurrent rheumatic activity inter
current infection pregnancy and heavy manual work are the most impor
tant provocative factors
3 Hemopty sis was first correlated with matral stenosis by Wilson 1n 1830
(Rolleston 1941) There are two common causes rupture of an engorged
vessel and pulmonary mfarction Haemorrhage from the former 1s apt to
be short and brisk from the latter prolonged Pulmonary apoplexy usually
occurs with normal rhythm pulmonary infaretion with aurrcular fibrillation
and heart failure
4 Systemic emboli Clots form i the dilated left auricle 1n 12 per cent of
all cases of mutral stenosis and 1n 24 per cent of those with auricular
fibnllation (Davis and Wews 1931) Ill advised quinidine therapy may
exaite the hiberation of such a clot
5 Laryngeal palsy Gross left 2uncular dilatation may compress the left
recurrent laryngeal nerve and paralyse the left vocal chord (Ortner 18g7)
Dilatation of the left pulmonary artery assists m the process (Fetterolf and
Norrts 1911) Huskiness of the voice follows The condition 1s not rare n
advanced mutral stenosis
6 Collapse of the lung Gross enlargement of the left aunicle may com
press the left bronchus and cause collapse of the lung (hing 1838) Splay
ing of both broncht may often be demonstrated radiologically
7 Recurrent bronclutis Mitral stenosis appears to encourage the meidence
of recurrent bronchitis Rhonct may obscure the charactersstic murmur and
the correct diagnosis may then be overlooked
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8 Bactenial endocarditis Acute or subacute bactenal endocarditis may
comphieate mutral valse disease n any stage of 1ts hustory including that of
active rheumatism and should always be borne in mind

A ted diseases Rh d arthnitis {page 256} and arachnodacty ly
(page 2,5) have already been discussed Lssential hypertension was found
m 28 per cent of 1,0 cases of mutral disease reported by Berconshy and
Neuman (1945) but was regarded as fortuitous Comcident thvrotoxicosis
1s not rare Despite the fact that rheumatic fever occasonally causes
coronary artentis angma Pectons 1s \ery uncommon n mtral stenosis and
when present may be attnibuted to tndependent coronary ath
The incidence of tuberculosis tn cases of mitral stenosis 1s Iower than n
the general population

Course and prognosts The average hife history of rheumatic heart disease
with mitral stenosis may be summansed as foliaws The mitial rheumatic
attack occurs between the ages of 8 and 12 Severe cases die within ten
years these are nearly all sull actne Those who make a good immediate
recovery wsuslly reman free from symptoms for about twenty years
Breathiessness on exertion sufficient to limat the patient s ordinary activities
then develops and progresses to congestive heart falure within two or
three vears The average age at death 15 about 35 Patents who dic with
normal rhythm tend to be younger the average age of death for this group
being 29 the average age of death in patients with auncular fibnliation 15

3% (De Graff and Lingg 1935} The duration of auncular fibnllaton
averages but two to three years Such figures provide 2 useful basis upon
which to assess prognosss sn any parheular case but mdividual vanation 1s
great some patients dying m adolescence others reaching old age Lach
should be judged on its own ments due consideration being paid to effort
tolerance heart size rhythm congestive heart fatlure and particularly to
recurrent or persistent rheumatic actnity Lafe expectancy 1s hittle influ
enced by the presence of other vale lesions

Perststent active th carditss 15 probablsy the most important factor
determiming prognosis Thus De La Chapelle Graef and Rottino (1934)
demonstrated Aschoff nodes 1n 86 per cent of cases dying under 4o years
of age and 1n 33 per cent of cases over 40 Werner (1936) found activity ;m
66 per cent of all cases of rheumatic heart disease which had died from
congestive failure

3 AORTIC INCOMPFTENCE
Pathologv Rheumatic inflammation of the aortic vah ¢ mav cause 1mme
drate aortic incompetence Healing usually results i thickening retraction
and distortion of the cusps with permanent regurgitation In addition the
cusps often become adherent to one another at their bases (fusion of the
commussures) so that some degree of aortic stenosis 15 usual Secondary

calatfication 15 common  ¢specially when there 1s stenosis

Effect on function The stroke \olume of the left ventncle 15 increased by
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an amount which 1s at least equal to the quanuty of blood which leaks back
during diastole The fibres of the left ventricle become considerably
stretched 1n diastole the force of the heart beat 1s therefore augmented
according to Starhing s law  The imtial tension 1s increased 1sometric con

traction 1s abbreviated maximum pressure 1s ligher than normal and s
attamned earher in svstole the ejection phase1s hortened and the pressure
then falls away steeply 1n late systole In other words the shape of the
pressure curve 15 altered so that early systole 1s loaded and late systole
unloaded (Wiggers 1935) The large quantity of blood pumped so quickly
and powerfully nto the relaxed arteries duning carly systole causes an
abrupt percussion wave followed by late svstolic collapse The low drastolic
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pressure 1s due partly to the aortic reflux and partly to peripheral vasodila
tation the latter encourages forward flow Both add to the collapsing
quahty of the pulse

The cardiac output per minute remains about normal or may be even a
little raised as1t 1s i patent ductus arteriosus and arteno venous aneurysm
which have much 1n commen with aortic ncompetence Effort tolerance 1s
usually remarkably good until the disease 1s well advanced Sooner or later
however left ventncular failure develops often suddenly and p
The heart then becomes overloaded and the output falls below normal

Clinical features Unlike mutral stenosts aortic incompetence develops
duning the stage of active valvulitis and may be at once permanent Its
early diegnosts depends entirely upon recogrusing an aortic diastolic mur
mur heard best down the left border of the sternum and closely resembling
the sound of a whispered R (Hope 1839) In contrast to the mutral
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duastolic murmur there 15 no gap between 1t and the second heart sound
the one passing imperceptibly 1nto the other Thus the usual two beat
metre of the heart sounds 1s not altered (fig 9 16) In disunguishing aortic
from mutral diastolic murmurs the greatest stress 1s laid on this difference
m rhythm for aortic murmurs may be heard best at the apex beat and
mtral murmurs towards the base 1t has already been explained that owing
to the appreciable period which must elapse between the closure of the
aortic and the operung of the mutral valves mitral diastolic murmurs give
rise 1o a three beat dactyhe cardiac metre

When incompetence 1s more pronounced numerous changes in the heart
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Fig g 17—Arteniogram ullustrating the water hammer pulse of aortic incompetence
The percussion  ave 1s unusually abrupt callapse precedes the pre dicrotic notch and
15 therefore a late systolic event

and circulation may be recognised Owing to enlargement of the left ven
tricle the apex beat 1s displaced downwards and to the left and the cardiac
mmpulse 1s heaving At the mutral area a diastolic murmur may develop
which has all the qualities of mutral ongin there 1s 2 gap betseen 1ts com
mencement and the second heart sound 1t 15 soft low pitched and rum
bling 1t may be accentuated 1n presystofe Ths 1s the Ausun Flint murmur
and may depend upon interference with nutral valve function by regar
gitating blood or upon left ventricular dil It 1s ind habl
from the dastolic murmur of mitral stenosis but 1s rarely accompanted by
a thnll

During systole the mcreased volume of blood flung into the circulation
raises the systolic pressure and distends the aorta and large arteries The
upstroke of the pulse wave 15 abrupt and of high amphtude (fig 9 17)
When an artery 1s palpated this sudden shock feels like a water hammer
(a Victortan toy consisting of a small quantty of fluid in a glass vacuum
tube—Watson 1843) and on auscultation the sound heard may resemble
a pistol shot

The abrupt distension and quick collapse of large arteries 1s well seen in
s especially when the patient sits up Thus charactenistic visible

the carond:
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behasviour of an artery above heart level s Cornigan s sign (Corrigan 1832)

On auscultating the femoral or other large artery a svstolic murmur 1s
heard when the vessel 1s compressed when a cnitical pressure 1s applied to
the artery just distal to the stethoscope a drastohc murmur may also
develop The latter was first described by Durozier (1861) whose name 1s
attached to the sign and who attnibuted 1t to retrograde blood flow during
diastole Durozier s sign may occur howeser in any condition causing a

Fig ;18—Skag am sho s ng prom nence of Fig 9 19—Second oblique position sho g
the aortic arch and enlargement of the 1 ft enlargement of the left entricle and unfold og
v ntricle 1 & case of aortic incompetence of th aorta

large pnmary pulse wave a steep predicrotic notch and a conspicuous
dicrotic wave Such an obstacle halts the blood flow at the pre dicrotic
notch but s overcome by the dicrotic wave Above the obstacle the dicrotic
wave 1s exaggerated below it the dicrotic wave 1s flattened out Hence the
diastoltc murmur 1s heard above but not below the constriction The cen
tnfugal direction of the passage of the wave which causes the murmur has
been proved by mean of 1 multiple phonoar

(Lwsada 1943)

Vasodi]

e the collap quality of the pulse further
lowers the dastolic blood pressure and causes capillary pulsation The
latter may be demonstrated by lightly compressing a finger nail by trans
Hluminating the up of the finger or by pressing a glass slide agamnst the
lips Tts presence depends upon direct transmussion of the arterial pulse
wave to the capillaries 2nd 1t occurs 1 any condition m which there 1s
sufficient relaxation of the arterioles to allow this Thus capillary pulsation
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may be seen in normal subjects after 3 hot bath, i thyroteacess, arteno
venous aneurysm fever and m most hyperkinetic orculatory states Pul
satton of the retinal vemns 1s another common finding

Shiagrams show enfargement of the left ventnicle and prominence of the
aorta The ascending aorta pushes the superior vena cava further to the
nght the asrtic hnob 1s accentuated and the descending hmb appears
further to the left {fig 9 18) Unfolding of the arch 1s seen better 1n the left

Ve I Vi

Fu. 9 2o~—FElectrocardiopram m a case of sortic incompetence shoy g evidence of Jeft
ventnicufar enlargement

antenor oblique positon (fig 9 19} Fluoroscopy reveals exaggerated pulsa
tian of the left ventricle and aorta Flectrocardiography may provide add
nonat evidence of left ventricular enlargement (g g 20)

Most of the features de cribed above are common to all forms of aortic
mncompetence but their degree vares sccording to the etiology of the
lesson Acrtic tncompetence may be due to a congenisal bicuspid vahe to
theumatic valvultis (active ot healed) to bactenal endocarditis syphilitic
aortitts atherosclerosis hypertension or trauma The specsal characteristics
of each type are described m chapters devoted to the diseases mentioned

In diffe { diag 51 aorte 7 15 d by
a rheumatic hustory signs of assocated aortic stenosis with or without
calutfication the presence of other valve lestons absence of angina pectons
and by 2 normal ervthrocyvte sedimentation rate It 1s not always easv to
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be certain as to whether the mitral valve 1s stenosed when the chref leston
1s obviously zortic incompetence for then a mutral presystolic or diastelic
murmur backward displacement of the asophagus and widened bihd P
waves may not have therr usual sygmificance The practical point emerges
that a case preeenting as one of aortic meompetence with doubtful signs
of mitral stenosis 1s better judged rheumatic on other grounds

Course and prognosis The average life expectancy of rheumatic aortic
mcompetence 1s 20 to 30 vears from tts development Prognosts should be
based on the size of the left ventricle and upon the degree of incompetence
as Judged by peripheral vascular behaviour Effort tolerance often remains
remarkably good until near the end Farlure 1s commonly with normal
thythm and 1s usually left ventricular at first Complications are practically
lumted to bacteral endocarditis

4 AORTIC STENOSIS

Pathology Fibrous scar tissue representing healed aortic valvulitss usually
causes fusion of the cusps at their commussures Shght narrowing at the
aortic aperture 1s thus found 1n most cases of rheumatic aortic valve disease
When fuston extends further up the margins of the cusps true stenosis
results Valve leaflets become thick ngid distorted and often unrecog
misable S dary vahe calafi » The aorta and large
arteries often remain remarkably free from atheroma

Effect on function The aortic onfice must be reduced to about one
quarter of 1ts natural size before changes in the circulation can be demon
strated (Wiggers 1935) Left ventricular pressure cunves then show a
raised initial tension steep 1sometric pressure gradient and an elevated
maximum pressure that 1s reached relatvely early 1n systole but there 1s
no collapse as m aortic incompetence Pressure curves obtamned from the
dorta show an imtial steep rise mterrupted by an anacrotic notch and
followed by a slower nse that reaches 1ts maximum late 1 systole the
maumum pressure attained 1s less than normal The more severe the
stenosis the eatlier the anacrotic notch The ejection phase 1s prolonged

To maintamn the stroke volume and cardac output great power must be
developed by the left ventricle The chamber 1s more hypertrophied and
less dilated than 1n aortic ncompetence Again the left ventricle must have
sufficient time to perform 1ts task 1t needs a long strohe and requires to be
well filled 1n diastole

Chintcal features Aortic stenosts 1s at least twice as common 1n men as
in women The lesion may be discovered at any time from adolescence to

old age usually m the sicth decade Female patients tend to be younger
than male

Patients with aortic stenosts may complain of syncope (10 per cent) of
angina pectoris (2o per cent) or of symptoms referable to left ventricular
or congestive heart failure (Contratto and Levine 1937) Syncope s of two
hinds cardiac and vasomotor Cardiac syncope 15 abrupt and fleeting and
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may be due to paraxysmal ventricular fibriliation or possibly to jocking of
the valve (de Veer 1938) Such attacks herald sudden death from a similar
mechamism The low blood pressure of aortic stenosis predisposes to vaso
motor and to orthostatic syncope  Angina pectors appears to depend upon
poor coronary filling secondary to a get effect or to the low mean aortic
pressure attacks are 1n no way different from those due to coronary athero
sclerosis As usual women with angina tend to be a decade ofder than the
men

o
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Fig g 22~—Arterrogram lustrating { ulsus bssfecsens m a case of combined aortic stenosts
and mncompetence P 1s the percussion wa ¢ T the tsdal save both are systolic esents
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The physical signs are as follons

t There 15 often a delteate pale pink completton ~ the Dresden china
fook

2 'The pulse 1s characteristic when relatnely slow (hg ¢ 21), bemng
small and sustamned (plateau or slow rising pulse) It depends upon the
Jonger duration of left ventricular svstole the low blood pressure and upon
the delaved development of maximum aortic pressure These features tead
to disappear 2= the beart rate quickens ‘When aortic incompetence 15 pre
sent as well the pulse assumes a  bisfenens  quality (fig 9 22) To the
palpating finger 1t feels double and may even be mistaken for coupling
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due to premature ectopic beats Both waves occur during the ejection phase
According to Bramwell (1937) the second impulse 13 tidal in nature being
due to overlapping and partial fusion between a forcible but prolonged
percussion wave and 1ts reflection from the pertphery Aortic tncompetence
mereases the force of the percussion wave aortic stenosts prolongs 1t
Neither alone will produce this pulse

3 The blood pressure 1s varable In severe casesitis low and the pulse
pressure 1s small but 1n mild or moderate cases or when there s recog
misable zortic mcompetence 1t -
may be elesated and the pulse 777 0w
pressure may be increased
About 10 per cent are truly
hypertensne —an inaidence 2
good deal lower than 1n con
trols of the same age group

4 The apex beat 15 displaced
downwards and to the left and
the cardiac impulse 15 slow and
heaving The left ventricle 1s
hypertrophied  rather  than
dilated

5 A basal systolic thnll 1s
usually present It 1s bet
appreciated when the patient
leans forward and stops breath
g m full exprration It may be
most intense either to the right
or to the left of the sternum A
systolic thnill may also be felt

Fig o 23—Shagram of a ca ¢ of aortic stenoss
over how ing great enlargement of th 1 ft ventricle

© the carotid or sublavian shght prominence of the ascend ng gorta and
artertes  Although such a thrll

nilar congestion

1> not dimagnostic of aortic
stenosis 1t 1s suggestrve and encourages prolonged search at the base

6 Along rough basal systolic murmur 1 almo t mvaniable It1 con
ducted 1into the cervical artertes and may sometimes be heard remarkably
well at the apex beat The second heart sound 1s usually soft or absent

7 On fluoroscopy the left ventricle looks dense and bulky The aorta
may be conspicuous or relatively hypoplasic (fig 9 23) Caleification of the
aortsc valve can be seen 1n most cases particularly if the patient 1s over 50

8 The electrocardiogram usually provides convincing evidence of left
ventricular enlargement Perhaps owing to the concentric type of hyper
trophy and to the lack of dilatation the heart is often electrically vertical
Standard leads then show the concordant pattern of left ventricular pre
ponderance (fig g 24) Exceptionally high voltage R waves are charactens
tic of aortic stenosts T 1s frequently inverted 1n leads facing the surface of
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the left ventricle Left bundle branch block occurs 1n about 14 per cent of
cases auricular hbnllation tn about 5 per cent

Differential diarnosis 1f as much attention were pad to the quahity of
the peripheral pulse as to cardiac murmurs aoctic stenosts would be both
tess frequently overloohed and less often d d 1 error T i
basal systolic murmurs should not cause confusion [ he murmur and thnll

e s e e e e et

Figg g z4—Electrouardiogram in aca e of sorty  tenosis shos iy, concordant left ventricu
lar preponderance 1n standard leads the heart being sertical

of ventricular septal defect though lower and more to the left may be
more difficult to distinguish but the normal penpheral pul e normat
electrocardiogram '\ ray appearances and absence of vahe calerfication
help to present mustahes Orgamc mitral p mav be recogmsed
by the normal peripheral pulse and by the s1ze and bebaviour of the lett
auricle when viewed fluoroscapically The site of the maximurn mntensity
of the murmur i less rehable evidence

T tiological diagnos:s 1s more dfficult Rheumatic aortic stenosis must be
d d from 1 and catesfic ath 1 vaneties In con
genital sub aortic stenosts symptoms are absent the heart 1s little enfarged,
perlpherxl vascular findings are mmmal there 15 no aertic incompetence
and calaification 1s rare Congenital valvular stenosis may be indistingutsh
able from the rheumatc vanety but the lesion 15 usually discovered
childhood growth is retarded the 2o0rta may be hypoplasic and mcom
petence does not occur

1t 15 uncertamn sy hether calcific aortic _tenoss 1n eldethy or muddle aged




INACTIVF RHEUMATIC HFART DISEASF 303

subjects 1s atherosclerotic or rheumatic Thus elesen of twenty one cases
reported by Christian (1931) gave 2 history of rheumatic fever Dry and
Withus (1939} obtained a rheumatic history 1n 22 per cent of 228 cases and
Claw on Noble and I ufkin (1938) found a rheumanc historv 1n 35 per
cent of 200 cases On the other hand 1in the quoted sentes of Dry and
Wills there were g1 necropsted cases without disease of other salves a
rheumatic history was obtained 1n only four of these—the usual mcidence
m any sertes of normal controls Agamn n the quoted sertes of Clanson
and hss colleagues 20 , per cent of the patients were under 41 years of age
and 39 per cent were under 51 moreoter 8¢ had a mutral lesion as well
It 1s obvious that many of these cases were rheumatic but this has httle
bearing upon the question of whether or not pure calcific aortic steno 1s 1
elderly people 15 rheumatic On the pathological side Clawson (1931}
particularly has drawn attention to the frequency of mflammatory stigmata
of the rheumatic type but others notably Soval and Gross (1936) have
been unable to confirm such findings The best evidence of 2 rheumatic
or other mflammators etiology 1s perhaps the remarhable absence of athero
sclerosts 1n the aorta and coronary arteries 1n most cases All observers have
agreed on thi> pomnt that these vessels must have been long protected by
the stenosis Howeser Monckebergs orginal thesis that calofic aortic
stenosts 1n elderly subjects may be degeneratne (Moncheberg 19o4) has
not been alto,ether disproved

Clinically calesfic aortic stenosis 1n elderly subjects behaves hike rheu
matic aortic stenos:s

Course and prognosis At least 15 per cent of aoctic tenotic subjects die
abruptly particularly if they have suffered from cardiac syncope or from
angina pectorts About 1o per cent develop bacterial endocarditis The
majority who surveve these rishs succumb to congesttve heart farlure sooner
or later

The prognosis should be based upon the behaviour of the peripheral
pulse upon the size of the leit ventricle and upon the nature of the symp
toms When the pulse and left ventricle are relatively normal the outlook
1s good and hfe expectancy kttle curtailed Cardiac syncope and angmna
pectons are sersous and give warning of sudden death at any time Between
these two extremes all grades of severity are encountered Most cases
however enjoy good effort tolerance until well into middle age

5 TRICUSPID INCOMPETENCE

Trcuspid incompetence may be functional or organic the former bemg
econdary to right ventricular dil with exp of the 7
ring Chinical distinction is difficult in the first instance but the cour e and
response to digitalis and to rest may clanify the issue Functional incom
petence may be temporary otganic tricuspid disease 18 always permanent

‘The diagnosss 15 based upon the following features

1 The cervical veins are engorged and pubate with extraordinary
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sigour The quahity of venous pulsaion 1s altered when therc s auricular
fibrillation which 1s usual, a smgle prolonged venous pul e may replace
the normal double movement the £ and v waves of the jugular phlebogram
are more or less fused (fig 9 25) [he normat drop in venous pressure that
follows the ¢ wave is due to systolic descent of the base (floor of the aunicles
or atrio ventricular septum) which produces a suching effect In tricuspid
tneompetence this negatsse pressure 1s replaced by partial transmision of
the tight ventneular systohe pressure to the nght auncle (Bloomfield

P

big 9 25— Jugular phiebogram showins, fusion of the ¢ and ¢ waves in 3 case of tricuspid

meompetence owing to auricular fibrillation the o wave 1s absent
W in DM Zeb

etal 1446} When there 15 normal rhythm the ventneular form of venous
pulse may be preceded bv a powerful @ wave the jugular pulse 1> then
double but the abnormal form may sull be recognised at the bedside

2 In long standing caces a browmish pigmentation may be se¢n 1n the
skin espectally of the head and neck

3 Sistohce expansie pulsation of a bl enlarged lner can
usually be recogmsed by palpation ‘This must be disttngurshed from trans
mtted nght ventneular pulsation

‘There is usually an earlv long blowing systolic murmur fow down

the left border of the sternum and there may be an assocrated thall The
murmur may merease in full msptration

5 \-rays show gross dilatation of the right auncle the border of which
meets the draphragm at a nght angle, or even obtusely (fig 9 26) Inpen
cardial effusion this angle 1s usually acute On fluoroscopy the nght auncle
occastonally expands mn systole and the nght lobe of the diaphragm may
reflect hepatic pulsation

6 Catheter studies have demonstrated reversal of the central venous
pressure gradient dunng svstole forward flow beng limited to diastole
{Bloomfield et al 1946) Venous vahes take on the function of the tn
cusptd valve The diagnosis of tucuspid mcompetence may thus be
proved by demonstrating Tigher mean pressure m the nghe auncle and
superior vena cna than 1 the subclavian vein (Sharpey Schafer 1947)

q
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moreover, as the catheter 1s withdrawn pulsation ceases abruptly the
moment the pressure falls (fig g 27)

The recogmtion of organic or permanent tricusprd incompetence 1s
mmportant, because patients so afflicted would otherwise be hept 1n bed
indefimtely 1n the belief that
they suffered from congestrve
\ heart faillure Yet these patients
1] may remain remarkably free
from symptoms and may be
able to carry on therr dady
work for years despite gross
3 physical signs

¥

\ 6 TRICUSPID STENOSIS
1 ‘\ Although organic discase of
the tricuspid valve 1s found at
B ? necropsy i Io to 15 per cent
¢ oc twoow
of all cases of chronic rheumatic
Fig 9 27—Graph illustrating fall in mean heart disease (Smuth  and
central venous pressure as the catheter 1s
withdrawn from night auncle and superior  Levine 1942) clinical tricuspid
vena cava mnto the subclavian vein stenosis 1s m!’xequen!ly recog
nsed It 1s nearly always
accompanied by mutral stenosis (Pitt 19og) often by aortic valve disease
as well
Tricusprd stenosis prevents proper cardiac filing and in this respect
resembles constrictive pericarditts (Thompson and Levine 1937) Pul
monary congestion threatened bv other valve lesions 1s thus prevented
attacks of dyspneea and orthopncea are noticeably absent systemic venous
2 hepatic d ascites and cedema occur instead Trt
cuspid p 1s usually
The diagnosis 1s based upon the following findings
1 Engorgement of the cervical vemns The charactensuc finding 1s an
abrupt and powerful 2 wave which may be called a venous Corrigan
this does not alter with change of posture It1s of course only presentin
cases with normal rhythm
2 Browmsh discol of the skin especially of the head and neck
as m tricusptd mcompetence Jaundice may also occur
3 Considerable enlargement of the liver sometimes progressing to
cardiac cirrhosis  The organ 15 unduly firm and 1s not tender Pulsation
1s presystolic when due to transmission of a gant @ wave or systolic 1f
there 15 d tricuspid p Ascrtes 1s
4 Atncuspd diastolic murmur heard best low down the left border of
the sternum sumtlar 1n quality and timing to the mitral dsastolic murmur
It may be accompanied by a thrll As mitral stenosts 1s nearly always
present a separate tricusprd murmur eastly escapes notice

LOSRRIS £ T SN B0 ESTIR A G
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5 Gross dilatation of the nght auricle seen on fluoroscopy

6 Tall sharp P waves i the electrocardiogram 1 cases with normal
rhythm (fig 928) They represent right auricular hypertrophy Owing to
coincident mitral stenosis the P waves are u ually widened as well Aun
cular fibnllation however 1s often present

Fig 9 28—Electrocard ogram showing eceptionally tall P »aves in a case of mutral and
tricusp d stenosis

The most sigmificant fact about tricuspid disease 1s that 1t gives nse to
gross signs suggesting severe right ventricular fmlure tn patients who are
up and about and who may be practically free from symptoms the dis
crepancy should at once draw attention to the diagrosts Life expectancy
averages about five years from the time the diagnosts 1s first made (Aceves
and Carral 1947)

MYOCARDIAL FIBROSIS

The rheumatic process affects the heart muscle as well as the valves
leaving patchy mjyocardial fibrosis Occastonally cases of heart failure come
to necropsy m which nothing but patchy fibrosis 1s found It 1s possible
that some of these represent old rheumatic carditts Agamn farlure may
occur 1n rheumatic heart disease when valvular scarming s imsigmficant
Permanent heart block or bundle branch block may be caused by fibrosis
at the appropriate site
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ADHERENT PERICARDIUM

Pencarditis 15 one of the more innocent rheumatic lesions 1n respect to 1ts
after effects Sometimes the two layers of the <ac are fused and thickened
but this causes no trouble Secondary calcification 1s rare and scanty when
present Occasionally adhesions form between the pericardum and sur
rounding structures so that the heart becomes anchored firmly in the
mediastinum or to the thoracic wall The apex beat does not shift with
change of posture and Broadbents sign is positne Current opimon
favours the view that this 100 1s relatively mnnocent Picks disease or
chronic constrictive penicarditis 1s very rarely if ever rheumanc The
matter 1s more fully discussed in Chapter XII

TREATMENT

Competitive effort and hard physical work should be forbidden Pre
cautions should be tiken against exposure to cold and infection Patients
are advised to train for a sedentary occupation as a safeguard agamst pro
gressive cardiac enlargement and future breakdown In mild cases moderate
physical exertion may be allowed but the patient must Iive well within the
Limats of effort tolerance

No drugs no particular diet and no special measures are required except
for complications which must be treated as they anise as described else
where Intercurrent pyogenic infections call for prompt chemotherapy The
problem of pregnancy 1s d d elsewhere (page 507)

Modern surgery offers some hope for patients with tight mitral stenosts
and severe pulmonary congestion The most promising operation 1s mtral
valvulotomy as performed by R C Brock (1950) Anastomosing a pul
monary vem to the azygos vein (D Allaines ef al 1949) certamly relieves
congestion 1n the lesser arculation but presumably lowers the cardiac
output and 15 unlikely to be so effectrve ultimately The same may be said
for the more hazardous procedure of tricusprd valvulotomy
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CHAPTER \
OTHER FORMS OF CARDITIS

THE HEART IN DIPHTHERIA

IPHTHERIA may cause peripheral airculatory collapse or toxie
Dm)ocnrdms Cutaneous diphtheria so easily overlooked and so

often untreated until too late may be as lethal as the common
faucial type Early and adequate treatment with antiton has greatly re
duced the mcidence of toxic complications but has by no means abolished
them

CIRCULATORY COLLAPSE

Towards the end of the first week or during the second week of the il
ness the blood pressure may fall well below 100 mm Hg the patient
becomes faint sick and restless the skin pale cold and clammy the pulse
rapid and thready Loss of vasomotor tone may be due to toxie depression
of the vasomotor centre perhaps to pertpheral sympathetic paresis or
posstbly to possaming of the vessels themselves Occastonally 1t 1 brought
about by suprarenal farlure due to necrosis or hzzmorrhage The earlier the
onset of circulatory collapse the worse the prognosis Patients usually re
main 1n a critical state for several days 1n those who recover improvement
may then occur but the blood pressure usually remains low for two or
three weeks

The course of diphtheria may be compl d (as well a all d) by
serum therapy for this may mduce not only immedrate collapse from
hyl shock in a tised dual but also later collapse from

loss of plasma into the tis ue spaces associated with serum sichness Utk
carra and cedema usually on the ninth day may be extreme and result in
a dimimshed blood volume and hemoconcentratton Diphthentie crrenla
tory collapse and allergie  shock may thus be expected at about the same
time and diagnostic difficulties may anse

"Treatment of both conditions consists of absolute rest adrenaline 710 10
mirems (0 4 t6 0 & ml ) subcutaneously twe to four hourly and of raising
the foot of the bed Sodium salicylate 20 grans (1 3 G} two hourly and
the antihistamine drugs are helpful 1 serum sickness The hmbs may be
bandaged with advantage in diphtherttic arculatory failure and the
cautious snfuston of plasma 1s not irrational The prognests 15 grave

TOYXIC MYOCARDITIS
Pathology Diphtheritic carditss being toxic in nature may prove fatal
without causing advanced changes 10 morbtd histology The charactenstic
311
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finding 15 hvaline degeneration or necross of muscle the fibres losing their
stnations and presenting a swollen granular appearance Lesions are
patchily distnbuted and only short segments of indinidual muscle fibres
may be affected Monocytes cluster round the debrs and fibroblastic
repair follows
Clincal features Disturbances of rhythm tend to occur first usuall
during the <econd week of the disease Partial or complete heate block and
bundle branch block are the best known and in patients who recover from
the Wlness are usually but not imanably transient (Peiry 1936) Both
heart bloch and bundle branch bloch commonly denote severe carditis
most such cases proving fatal (Burkhardt ¥ggleston and Smuth 19,8)
Ectopic beats are and although often and fated to
carditis should be viewed with suspicion 1 diphtheta Auncular fibrlla
tion and paroxysmal tachycardia are rare  Ventncular fibnllation may be
responsible for sudden death
Other evidence of carditis tends to occur a hittle later usually during the
third week Sinus tachycardia gallop rhythm enfargement of the heartand
reduction of the pulse pressure arc usual The onset of heart faiture may be
d by pallor breathl p dia] oppresston and vomiting
Congestton 1s systemic. rather than pulmonary the rugular yenous pressure
beng raised and the Iner distended there 15 rarely orthopnea paroyy smal
cardac dvspneea or pulmonan cedesna Sigmificant murmurs and pen
cardal fiiction are absent
The electrocardiogram 1s especually helpful m the diagnosts of diph
theritic cardins much more so than in rheumauc cardiis Depression of
the RS T segment or prmary tnversion of the T wave m most leads 15
charactersstic and 1s found during the second week 1n the majority of cases
which develop climical carditis and 1 some that do not A sumlar pattern
may be produced 1 cats within 48 hours by ijecting diphthentic toxun
(Nathanson 1928) Of 60a cases of diphtheric studied by Altshuler et af
(1948) 108 or 18 per cent developed these changes whle only 11 show ed
heart bloch
Radiologrcal studies on diphtheritic carditis are rare because patients
are nat alfowed to stand or sit and should not be moved to the % ras
department Portable shiagrams give little 1nformation about the size of
the heart
Prognosis T he outlook 1s grave for sudden death 15 common and pre
sumablv results from ventricular fibrillation or asystole Some patients die
from congestrie heart falure Not ifrequently associated circulatory
fatlure comphicates the picture Those who survive usually develop poly
neuntss later and thisisapt to besevere The total mortality rate1s difficult
1o assess for muld cases may well be overlooked butitis usually put

0 per cent
5 !]; the patient survives the ultimate prognosis 1s excellent (W hite e/ al

sery may he promsed without resemve It 18
1937) and camplete reco P
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important that the patient should be convinced of this from the start 1n
order to preient anxtety neurosis and to maintamn good morale

Treatment Antitoxic serum will already have been administered 1n most
cases if not 1t 15 too late to give 1t by the time cardiosascular symptoms
develop The axiom that antitoxin cannot do any harm and mght as welt
be given even at this stage 1s untrue for serum reactions are common and
may prove fatal when there 1s toxic circulatory collapse or caiditts

Prophylactic treatment in addition to early and adequate doses of anti
toun consists of complete rest in bed for a mimimum period of one month
n all cases of diphthena If by the end of tlus time there 1s no evidence of

lar or neuro 10n there 13 little further nisk to hfe

Should any such tntoxication have occurred however bed rest must be
extended for another month otherwise sudden death may occur durning
convalescence 1n the second month Patients may be treated with far less
respect subsequently even when they have extensive polyneuritis

The treatment of recogrused carditis 15 unsatisfactory Absolute rest ts
essential for sudden slight effort even sitting up 1n bed may prove fatal
durning the critical pertod Patients hould be nursed flat with one pillow
and should have everything done for them including bemng fed and
washed

Dtet should be light and fluids limited to two pints daily Digitalis 1
dangerous and should only be used 1n rare cases when auriculat fibrillation
with a rapid ventricular rate s d with severe 2! heart
falure Aunicular fibrillation without farlure 1s unlkelv to last long 1f
untreated and 15 less dangerous than digitalis Diphtheritic heart failure
with normal rhythm responds poorly to digitalis and the drug 1s usually
better withheld

THE HEART IN ACUTE INFECTIONS

Up to the beginning of the twentieth centurv 1t was generally believed
that toxic carditis was a common complication of certatn fevers such as
mnfluenza It came to be recogmwed however that although cloudy
swelling and fatty degeneratton were often found at autopsy mn cases
dying from severe general infections clinical evidence of cardiac involve
ment was rare The change of view followed the establishment of stnicter
criteria for diagnosing organic heart disease palpitations and rrregularities
of the heart were shown to be due to autonomic disturbance or to mnocent
ectopic beats systolic murmurs lost their previous significance effort syn
drome following infections was proved attnbutable to anvtety X rays
faled to confirm chinical cardiac enlargemem (based on the position. of the
apex beat) standard lead el were rarely ab, 1 The
weight of negative evidence was considerable and it became the custom to
recognise no form of cardstis other than that due to theumatism or diph
theria In recent years however the earlier view has ganed some suppert
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T'hus Burch and Reaser (1947) constdered mfectise or toxic carditss to be
the most common cause of orgamc heart disease Gore and Saphir (1947)
found that diphthenia and rheumatism accounted tor less than z, per cent
of fatal cases of myocatditss they contended that carditis was common 1n
a host of infectious and protozoal diseases mtoxications and allergie
states including especially scrub typhus bactensal endocarditss menin

1 <ep and sulph de allergv At the same time an
ncreasing number of cases of nolated myocarditis (Tiedler s) have been
reported It may be as well therefore to revien the knonn facts erncally
for there 15 grave danger that this modern swing bach may go too far

FAILURE OF THE PERIPHERAL CIRCULATION

Cardiovascular disturbances 1n acute infections are commonly of two
kinds and ncither 1s due to 2 cardac fault The first1s penipheral arculatory
farture This may be due to depression of the vasomator centre 1o toxic
parests of the vessels themselves to suprarenal farlure or to diminution
of the blood solume from dehydration or from loss of plasmanto the tissue
spaces through damaged vessels The essential mechanism 1> entical dis
crepancy between the effective vascular capacity and the blood volume
and the chief chnical feature 1s low blood pressure

A good sign of vascular relaxanon 1 a marhedly dicrotic pulse and
although not necessanly sevious should put the physician on guard
Another significant festure 15 pallor and coldness of the extremuties due te
vasoconstiiction in the <hn this appears to be a compensatory mechantsm
helping to maintamn the venous pre sure and blood pressure when dan
gerous vasodilatation occurs elsewhere € g i muscle Impending farlure
of compensatory vasoconstriction may be indicated bv waxing and waning
of the systolic blood pressure through a range of 10 to 20mm Hg A fourth
ndication of circulatory fallure 1s mental contuson or fantness in the
sitting posture Whlst tachveardra 1s the rule and the half hourly pulse
chart of ome value it should be understood that deceleration sometimes
accompames a falling blood pressure and that the character of the pulse s
as wnportant as its rate

Circufatory fatlure should be treated by nursing the patient flat or with
the foot of the bed raised and by the mntravenous admmistration of serum
or plasma by the dnp method with or without o 5 to 1 mg of adrenaline
to the bottle
The sccond common cardiovascular reaction to acute fevers ts vasomator

during fescence This 1s d d m Chapter Y\

TOXIC MYOCARDITIS
True toxic myocardius does occur however especially perhaps i pneu
momia Sections reseal focal hyaline necrosis 1 e granular degencration and
foss of stnation of the muscle fibres patcluly distnbuted Cellular reavtion
d and fibroblastic repar folfow—as in diph

withr ytes p
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thenttic carditis which 1t bles This hrstol, I picture 1s

to most forms of carditis—hence the difficulty 1n making an etiological
diagnosis from autopsy findings For example 35 cases of sudden death
following tonstllitis or common cold were reported by Gore and Saphir
(1947) and ascribed to tovic myocarditis Thirty one of them however
could have been due to diphtherta or pneumonta a negative throat swab
does not exclude diphthena

Mjyocarditis and diffuse glomerulonephnitis have long been known to
complicate bactenal endocarditis but when the death rate of the septiczemic
stage was 98 per cent they recened relatively hitle attention Since the
mtroduction of pemcillin however heart failure from myocarditis has
become chuefly responsible for the present 25 per cent mortality

Histological examnation of the heart 1n cases dying from meningococcal
nfection may disclose evidence of carditis but clintcal signs of cardrac
mvolvement are most unusual and the total mortality rate in adults 1s less
than 1 per cent (Daniels ez 2/ 1943) Whether meningstic or septiczemic
in form the mfection responds particularly well to sulphonamides and
the rare occurrence of climical carditis would probably be attributed to
sulphonamude allergy

Allergic forms of carditis sometimes with pert arterttis grant cells
eosinophils and nodules have been described (Reinhart 1946) sulphona
mmdes provide an example of an antigen which may provoke such a response
(French and Weller 1942 French 1946) Carditis pericarditis and endo
carditis may pany acute d d lupus (Humph 1948)

A most convincing type of protozoal carditis may accompany South
American trypanosoratasis or Chagas disease (Chagas 1909) Leish
manial forms of T crus: multply chuefly 1n the cells of the heart bran
and liver the affected cells finally rupture and hberate the parasites mto
the blood stream An intense local inflammatory reaction follows The
signs and symptoms of a typical acute or subacute carditis may dominate
the clinical picture and sudden death 1s common (Mosely and Mller
1945)

Carditis accompanying scrub typhus (Tsutsugamushi tever) 1s less con
vincing Although histology may reveal myocardial damage and cellular
infiltration in fatal cases (Corbett 1943) the clinical cour e of the disease
seems to be httle mfluenced by them (Willams e? al 1944 Berry ef al
1945) In a series of 184 cases seen within one to four weeks after the acute
symptoms had substded and 1o cases seen duiing the stage of fever the
electrocardiogram was virtually normal (Howell 1945) For further infor
mation the reader 15 referred to the issue of the American Journal of
Hygiene May 1945 which 15 devoted to studtes on scrub typhus

To assess the clinzcal value of the work of Gore and Saphir quoted above
1t 15 worth noting that 16 pet cent of thewr 1 402 cases of myocarditis were
due to scrub typhus and there was no evidence that myocarditis was the
cause of death Their cases were highly selected excluded children and
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were based entirels on autopsy findings there were 227 examples of scrub
typhus 208 of bacterial endocarditis 144 of diphtheria 130 of rheumatic
cardiis and 10, of sulphonamude allergy The reader will draw s own
conclusions

Chinically fi carditis panying acute infe 1n Great
Brtain (other than rheumatic fever diphtherra and bactenal endocarditis)
15 undoubtedly rare This applies as much to typhord (Porter and Bloom
1935) and influenza (Wood 1941) as to the common exanthemata

Chmeal features of toxic myocarditis In acute cases the signs and symp-
toms are stmular to those of diphthertic myocarditis except that they may
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Fig 10 o1—Electrocardiogram 1n a case of toxic myocarditis due to preumona
(a) Shows partial heart block with dropped beats and mversion of the T's @ ¢ in all leads
(b) After recosery

occur earlier dunng the febnle stage of the infecuon Symptoms attn
butable to cardac mvolvement mav be absent on the other hand there
may be dvspneea unexpected vomiting pallor and peripheral cyanosts due
10 congestive falure substernal opp ord t or palf
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assoctated with changes of thythm It may be difficult to distinguish cardiac
symptoms from those due to general toxemia particularly when there 1s
penpheral arculatory fallure Sudden death 1s not mfrequently the first
tragre proof of myocarditis

Physical signs include 2 small rapid thready pulse low systolic blood
pressure small pulse pressure gallop rhythm dilatation of the heart
congestive heart failure abnormalities of rhythm and electrocardiographic
changes The small rapid pulse and the low blood pressure may equally
well be due to perspheral circulatory failure and the gallop rhythm to fever
(especially when there 1s anemia) The size of the heart may be difficult to
assess under the chmical circumstances and the patient should not be
moved to the \ ray department for more exact information The tmper
tance of recogmising early signs of congestive heart failure will thus be
appreciated Abnormalities of rhythm are also important and include all
grades of heart block aunicular flutter or fibnllation and paroxysmal tachy
cardia The electrocardiogram 1s especially helpful not only in establishing
the nature of a thythm change but also 1n revealing partial heart block and
abnormalittes of the T wave (fig 10 o1)

Sometimes the course of toxic myocarditts 1s subacute or chronic The
chncal features then closelv resemble those of isolated (Fiedler s) myo
cardiis described on page 318

Prognosis If the diagnosis 1s beyond doubt the outlook 15 grave the
mortality rate probably approachmg 50 pet cent Whether central or pen
pheral 1n h the of hyp and a small raprd
pulse 1s always dangerous and congestive heart failure often proves fatal
Abnormalities of rhythm and alterations of the T wave without the mam
festations just mentioned are perhaps less serious

Many cases of mld toxtc myocarditis must pass unrecogmsed but this
1s not a matter for concern for recovery appears to be complete 1n all non
fatal cases

Treatment Bed rest and specific chemotherapy (when apphcable) for all
acute infections are axiomatic bed rest should be absolute 1f the cardio
vascular system 1s involved The patient should be nursed m the position
of maximum comfort but if the blood pressure 1s below 100 mm Hg and
there ts no evidence of congestive failure he should be kept hortzontal 1f
there 15 congestive failure he should be propped up at 30 to 45 degrees
agamnst a back rest Digitalis should be avoided unless there 1s frank con
gestive farlure for 1t increases the risk of sudden death from ventricular
fibrillation and may aggravate minor degrees of heart block If the venous
pressure 13 well raised and the hiver distended however 1t should not be
withheld and it may be invaluable m ca es of auncular flutter or fibnlla
tion Mersalyl and a low sodium diet may be given if there s flurd retention
Quimding 3 to 5 grams (0210 063 G) tds may prevent paroxysmal
rhythm changes including ventricular fibnllation

It must be admitted however that toxic myocarditis 1s little mfluenced
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by therapy and 1s apt to be fatal or otherwise according to its severity and
irrespective of treatment As in diphthenia nearly all who recover do <o
completely

ISOL ATTD MYOCARDITIS

Tsolated myocarditss (Scott and Saphit 1929) 1s a subacute mflammation
of the heart of unknown etuology charactensed by patchy myocardial
necrosts cellular mfiltration and fibroblastic reparr as 1n other forms of
myocarditis 1t was first properly described by Iedier (18g9) The disease
may nat be a speaific enuty and 1s difficult to distinguish pathologically
from knoun forms of toxic or mfective myocarditis of 1clatnnely long
duranon
Incidence  Although still relatively rare 1solated myocarditis ts bemg
recognised with g frequency The majonty of cases have occurred
1 subjects between the ages of 20 and 50 but mfants children and old
people are not exempt The disease has been reported sporadically 1n most
countries and races the only pos tble mimnor epidermic occurred in Afncan
troops sesving in the Middle Last (Bedford and honstam, 1946}, but
nerther the nature of the carditis nor its infective origin were certain_there
were 40 cases With 17 deaths They may well have had a basis of mal
nuintion

Patholagy Patchy necrosts of muscle 1s thought to be the prmary lesion
(fig 1002) Cellular reaction may be focal or more diffusely interstitial
Monocvies predomumnate but 1n the acute stage polymorphs may be mere
numercus Hemorrhage and exudate may occur Caant cell  eosmophds
and artentis suggest another etiology-—atlergy Tibroblastc reparr follows
As a rule all stages of actiity and healing are seen 1n the same specimen
occasionally extensne interstitial fibrosss 1s found alone and 1 beheved to
represent the end resalt of the same process

In some cases small browmnish yellow areas of gelatinous necrosis may be
seen with the naked eve particularly in the inner third of the myocardium
The pericardurm  endocardium and valves are not smolved but mural
thrombs are common and mav give rise to emboli and nfarcts in other

organs
Chnical features The hustory 13 invaniably short, rarelv longer than a few
months “The chief symp are g o and fatigue some

times there 1s atypical angina pectons or sub ternal discomfort (Hansmann
and Schenken 1938) occastomilly hermiplegia or hemoptyss signals the
onset {Josserand and Gallavardin 1gor de Ja Chapelle and Graef 1931)
The physical signs ate usually those of congestive heart fadure with 2
normal or low blood pressure small pulse pressure swnus tachyeardia pert
pheral cyanoss and pallor cold general ent of the
heart (fig 30 03), gallop rhythm and notmal valves The electrocardio
gram often shows left bundle branch block Angina decubitus may occur
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although the coronary artenes are healthy In one such case Bayley (1946}
recorded typical anowc depression of the RS T segment and attributed 1t
1o the fact that the lesions were mainly close to the endocardium of both
ventricles
Changes of rhvthm are not unusual and mclude paroxysmal tachs cardia
aurncular flutter or fibnllation and patual or complete heart block Ven
tricular fibnllation and sudden death may occur as 1n diphthentic and
other forms of my Embol f: may result from
dislodgment of nght ventncular muml thmmbl or from phlebothrombosis
1n cases of congestine falure Left ventricular mural thrombs may lead to
embolism m the central nervous system viscera or hmbs
Dufferentral dragnosis The case usually presents as one of heart farlure of
uncertamn etiology It 1s at once distinguished from the hvperhinetic ar
culatory states (e g anzma ben ben arteriovenous aneurysm Pagets
disease of bone thyrotoxicosis znoxic pulmonary heart disease uremra
and certain diseases of the liver) by the obviously low cardiac output but
thyrotouic heart farlure with a low output may cause confusion VMyxedema
should be recogmsed by the slow heart rate and general features the basal
bolic rate electr diogram and blood cholesterol will resobve amy
doubts Hypertensive pulmonary heart disease may be excluded bv the
shiagram and electrocardiogram  The heart 1s usually too large for Pick s
disease but pericardal effusion may be clpsely simulated the apex beat 1s
usually felt eastly however 1 often forceful and is obviously much dis
placed to the left the pulse 1s not paradovical and the blood pressure may
not be low enough for cardiac tamponade Gallop rhvthm points to 2 mvo
cardial fault The electrocardiogram may show left bundle branch bloch
partial heart block or RS T and T wave changes more in accordance with
myocarditis than with pencarditts '\ ray appearances mav be less distine
tive but the right cardiophrenic angle s blunt 1n heart fallure and usually
acute n pericardial effusion Diagnostic paracentesss 15 advised in doubtful
cases
Rare forms of heart disease which may be confused with 1solated mvo
carditts include congenital hvpertrophy familial cardlomegal;. von Grerhe s

disease lar myxoma rhabd v and of
course other forms of myocarditis
Fibrosis of the heart dwith t or with cirrhosis

of the liver from an unbalanced huigh carbohydrate low protein diet should
also be borne in mind The latter occurs particularly 1n African natives and
1 lly closely r bles 1solated my d The end dial fibrosis
described by Dasies (1948) may hasve a simular etiology
Course and prognosts All proven cases have naturally been fatal even so
there have been no reports of probable or suspected cases which have
survived Death has usually ocemred within a few weeks of making the
diagnosts or of admutting the patient to hospital

Treatment  Absolute rest n bed digitalis mercunal dwretics a low
.
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sodum diet and mav helptod hdyspnoea but the general
response 3 poor Angina decubitus may be relieved by pethidine 50 1o
100 mg or physeptone, § to 10 mg four 0 erght hourly

PYOGLNIC CARDITIS

In addition to causing toxic myocarditis of the type previcusty described
pyogenic orgamsms mav directly infect the heart They may produce acute
penicarditis with or without sterile or purulent effuston {Chapter \II) or
may be responsible for acute bacternal endocardus (Chapter XI) The
staphy} and lly the p may cause miliary
abscesses m the heart muscle as part of 2 general pyzms  Chemotherapy
has greatly improved the prognosis of all forms of pyogenic carditis

MYOCARDITIS DUT' TO DRUGS

Certamn therapeutic drugs have earned the reputation of besng dangerous
10 the heart erther by causing transient toxic myocarditis or by inducing
ventnenlar fibrillation or asystole In the first group the best known are
digitals and emetine m thesecond choloroform adrenaline and potassium
Toxic myocarditis due to drug allesgy 1s m a different category and has
already been dr cussed

DIGITALIS

Digitalis 25 undoubtedly the best example of a therapeutic drug which
may cause d myocarchal p

Pathology B (1934) first d sted that necrotsc myocardsal
lesions could be produced in animals (cats) by means of dignalis Deanng
Barnes and Fssex (1943) also working on cats produced focal necrosis
cellular reaction and fibroblastic reparr Similar necrouc lesions mav be
provoked bv Icholine and by darect vagal” simulation
(Banting and Hall 1936 1937) and have been ascribed to coronary con
striction In the behef that the lesions dus to digstahs were caused by the
actvity of acetylcholme haser Ginsberg and Gilbert (1946) succeeded m
preventing them by the simultaneous administration of atropine or 2
coronary sasodilator such as theophylhine Whether digitalis ntoxacation
1r man 15 charactensed by stmilar patchy myocardial necrosis and whether
this 15 mediated by sagal stimulation remam to be proved but 1t 18 2
reasonable hvpothesis

Climcal features Anoresia nausea or vomshing and diarpheea usually
grve sufficient warning, of digitahs overdosage but there may be no such
mdication when carditis from other causes ts alteady present Dhisturbances
of rhythm are common and mclude coupling due to premature ccteple
beats (fig 10 04) nodal rhvthm partial or complete heart block (fig, 30 03)
multiple ectope beats auncular fibnllation paroxysmal tachycardia (fig
10 06) and sudden death from ventricular fbnilaton
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Fig 1o og—Electrocard ogram showing coupling from ventricular ectopic beats due to
dig tahis

Fig 10 o5~~Electrocardiogram showing partial b rt block due to digitalis
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The elect diogram shows ct 1stic sagging def of the
RS T segment maximum 1n leads V.4 6 when there 15 normal or increased
left ventricular dominance or 1n leads V1 2 when there 15 right ventricular
preponderance 1he depression 1s transmitted chiefly to lead \Lor\F

Fig 10 08—Shortening of the Q T interval due to drgitalis Q Tc—o 3 sec

and thence to the appropriate standard lead according to the electrical
position of the heart (fig 1007) At first the peak of T remains upright
but later becomes fused 1nto a more sharply depressed RS T segment the
Q T 1nterval being shortened (fig 10 08) The electrocardiogram offers by
far the most reliable evidence of digitalis saturation even when the patient
denies having taken the drug

Treatment The best remedy apart from stopping digitalis 18 atropine
butit: rarely necessary If the degree of intovication appears dangerous
however 1t may be given 1 do es of » mg two to four hourly for a day
or two

EVIETINE

Emenine 15 another therapeutic drug with a reputation for causmng toxic
myocarditis the chief danger being abnormalittes of rhythm particulasly
ventnicular fibrllation Fmetine was used a great deal amongst Brtish
troops 1n the Mediterranean theatre during the second world war but il
effects on the heart were very rare if they occurred at all Patients recenving
emetine however were always confined to bed throughout the cour e
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OTHER DRUGS

Potasstum when used 103 large single doses (8 10 16 G )} to stop paroxysmal
tachycardia or multiple ectopic beats ar to differentiate betw een sschmmce
and other causes of T wave inversion s undoubtedly dangerous and may
cavse sudden death from ventricular asystole, preceded by increasing heart
block and bundie branch block {fig 10 0g) Spontaneous potassium posson
g raay cause sudden death in vrenua

iz 10 69—W dening of the QRS complex and accentuation of the T wave due to a high
blood potassium 1n a case of urermia The tong Q@ T 15 due to hypocalexmea

Adrenahne 1n large doses may excrte ectopic beats or almost any change
of thythm except heart black Transcent hypertenston aad v erston of the
T wave m feads Vg 6 are common Violent palpstations and substernal
discomfort may occur and patients with sschemic heart disease usually
develap a severe attack of angma pccmns Chimeaf examples may result
from errars in the dose of ad d or from sp
hyperadrenatism 1n cases of pheochromocytoma

Chlorofornt ss sn example of a group of drugs mostly anwsthetics which
may cause sudden death from ventrrcular fibrllation especially 1n the
presence of an excess of adsenaline

Nicotine as absorbed by heavy smokers s capable of hittle more than
provoking ectopic beats Banum chloride has a ssimilar effect In a munonty
smoking tnduces vasoconstriction and may adversely influence hyper
rension sschmmuc heart disease and penipheral vascular diseaze especially
thrombo angntis obliterans It also appears to aggrasate thyrotoxicosts

Aleoholss a dilator and in mod: may benefit 15ch
heart disease on the other hand 1t may increase the work of the heart
especially 1f the blood solume is temporanily rmsed Heavy drinkers may
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suffer from an mnadequate supply of aneurin and may develop heart failure
1n consequence (page 514) Tinally under the influence of alcohol patients
are apt to be careless of medical advice and may evert themselves more
than they should Otherwise there 15 no evidence that alcohol has any
effect upon the heart

THE HEART IN ACUTE NLPHRITIS
Carditis accompanying acute nephntis (Whatehill et al 1939) and
tovemia of pregnancy (Szekely and Snarth 1947)1s particularly mnteresting
The chuef clucal features are elesation of the venous pressure a tendency

w
- .
¥ 8P
] —
75
£3 . - s
w &%
=
T
g 150
s E 8p
2 = .
o .
80 710 e o
DY
RAp___ ST e
co _—— e
o ~—— —— T
s s Pt B 0
. .
. .
@3 o .. . 20
DIGOXIN -~
15 me
P
B ) ® o % ® ) O
MINUTES

Fig 10 10—Graph llustrating 2 high r ght au cular p essure that does not respond to
dig tal1s 1n 2 case of acute nephritis There 13 a conspicuous rise of blood pressu e and shight
slowing of the pulse th eard ac output 1 unchanged

to develop acute pulmonary cedema general enlargement of the heart and
inversion of the T wave in leads facing the surface of the left ventncle
(Master Jaffe and Dack 1937) The degree of hypertenston 1s often
msufficient to explain these findings Nephntic cedema 1s usually present
and the blood volume may be raised

That there 1s some form of cardiopathy seems to te proved in certan
cases by the behaviour of the cardiac output which may fail to nse as
expected when the venous pres ure 1s high on the other hand the lack of
response to digitals (fig 10 10) suggests that the heart 15 not usually over
loaded Histological examination of the heart muscle 1n fatal ca es of acute
nephritis presenting cardiac signs seldom reveals any structural abnor
mality sometimes however the muscle fibres are dispersed by serous
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exudate lymphocytes and endothelial cells — even then there 1s Inttle 1f any
necrosss (Gore and Saphir 1943)

It 1s probable therefore that the raised venous pressure 1s manly due
to an increased blood volume from retentton of sodium and water or to
some agent causing veno constriction and that asarule the heart responds
normally but that in certain nstances cardiac function 1s impmred owing
perhape to biochermical rather than structural changes 1 the heart muscle
and that acute pulmonary cedema 1s a mamfe tation of left ventricular
farlure even when the blood pressure 1s but hittle raised The <ubject needs
further investigation
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BACTERIAL ENDOCARDITIS

any of the heart valves or of certain congenital anomalies of the heart

or great vessels (bacterial endarteriis) It occurs 1n two main forms
acute (mahignant) due to infection with any of the pyogemc bactena and
subacute due mainly to the Streptococcus tarsdans but many other organ
1sms have been 1solated from both types This broad classification 1s neces
sanly artificial the course of the disease depending on the virulence of the
arganism and the resistance af the host There 1s no clear division between
the two types and they are better considered as one disease

There 15 usually some underlying fault congemital or acquired The most

susceptible 1 lies are pul 3 stenosts bicuspid aortic
valve ventricular septal defect and patent ductus arteriosus atnal septal
defect 1s remarkably immune Any acquired valve Jesion may become m
fected including syphilitic aortic incompetence (Martin and Adams 1938)
and caleific aortic stenosis (Brink and Smuth 1937) but old rheumatic
valvuliis 18 commonly to blame In quite a number actne rheumatic
nfection 15 still present when bacterial endocarditis 15 supenmposed

BA(,TERIAL or infectine endocarditis means bactenial infection of

PATHOLOGY

The lesion 15 superficial and 1s not a valvulitis 1n the sense that theumate
endocarditis 15 bactena invade the surface of a damaged or congenutally
deformed valve and are encouraged by the formation of small superficial
thromb: which provide an excelient culture medium Both 1n the natural
disease and expenimentally 1n dogs there appears to be a paucity of granu
lation tissue and of cellular reaction the microbes are not destroyed and
healing does not take place Elsewhere in the body sumilar foci of bacteriz
are rapidly walled off by granulation tissue and the Jesion 1s mvaded by
Teucocytes the microbes are destroyed and the inflammation soon subsides
(Friedman hatz Howell er al 1938)

The macroscopic appearances vary according to the infecting organism
tending to be finely granular with streptococcus viridans ulcerative and

hamorrhagic with the hemolytic o and F pro
Yiferatne with the g When with congemital defects
the site of the veg: depends upon the d of blood flow through

the defect thus 1n the maladie de Roger vegetations are found on the nght

side of the patent interventricular septum and on the wall of the right

sentricle opposite the defect with patent ductus arteriosus they are found
330
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at the pulmonary artery end Ulceration may lead to perforation of a valve
cusp or sinus of Valsaha In old rheumatic cases vegetations may spread
on to the endocardium of the left aunicle (Thayer 1926)

The myocardium may show scattered focal lestons sumilar to those seen
m 1solated or toxic myocarditis or small collections of Iymphocytes or
lymphocytes and polymorphs known as Bracht Wachter bodies (Bracht
and Wachter 190g) The latter are believed to be embolic 1n ongin and
represent a local inflammatory reaction to bacterial nests (Perry 1936)
They are the non suppurative counterpart of the mihary abscesses seen
staphylococcal cases

OCCURRENCE

Bacterral endocarditis accounts for about z per cent of all cases of organic
- heart disease (White 1937) It may occur at any age but 1s most common
1n young adults Males are affected rather more frequently than females
Auricular fibrillation occurs 1n only 2 § per cent of cases (McDonald 1946)
presumably because 1t 1s not a feature of the congemtal lestons mentioned
1s uncommon 1n rheurnatic aortic valve disease and occurs late in the hfe
history of patients with mutral stenosis There 1s no evidence that the two
conditions are mutually antagonistic

CLINICAL FEATURLS

Patients may present themselves with cardiac symptoms pyrexia of un
known ongm anmmia a cerebral vascular lesion subacute rheumatism
nephnitis broncho pneumomia or with other patterns which depend upon
the nature of the invading orgamism the underlying cardiac leston and the
caprice of the disease process At the onset symptoms are often ascribed to
mfluenza but fail to clear up The diagnoss rests upon the combination
of 2 vanety of signs which will be considered induvidually

Cardiac abnormalities Evidence may be present of one or other of the
vanous underlying valve lesions or congenital defects already mentioned
or there may be just an impressive systolic murmur at the mutral area but
if there are no 2bnormal auscultatory signs of heart disease the diagnosts
15 rarely tenable The development of a new valve lesion or of the whining
diastolic murmur and thnll of a perforated aortic cusp may be highly
suggestive

Toxic myocarditis 1s not uncommon and may cause heart falure and
death whether the infection yields to treatment or not Its importance has
been more widely re d since the mtrod: of p

Pyrevia Acute cases are always febrile subacute cases are always febrile
at some stage 1n the disease but bouts of fever may alternate with afebrile
periods The fever 1s wrregular in type usually low grade or moderate in
degree and may continue for weehs months or years

Anemia Anzmua nearly always develops early and 1s already present in
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about three quarters of the patients when first seen It 1s indetermnate 1o
type bung normocytic and 1sochromic even when associated with hzemo
Iyticinfections  The red cells may be reduced to about three mullion and the
hemoglobin to about 60 per cnt giving a normal colour indev Stamed
films and bone marrow samples reveal no specific features If microcytic
hy pochromic anzmia 1s found the diagnosss should be doubted for tron
deficiency anemia itself may cause many of the signs and symptoms of
bactenal endocardins e g funcrional svstohie murmurs at the base or the
apex of the heart splenomegaly petechue red cells m the urtne and even
low grade pvrexia
The white count 15 1anable It may be normal on the other hand there
ma)y be moderate leucocytos:s or leucopema I cucacytasts 1s usually aswo
ciated with acute septicemic cases normal or feucopeme counts with sub
acute mfections
Splenomegaly The spleen 1s usually patpable 1t may be softasin tvphoid
when due o sephicmia 1t may enlarge rather suddenty 25 » vesult of
splemic infarction when 1t 1s tender at may be firm n subacute cases or it
may be <0 large as to cross the mid line 1 chrome cases
Peteclie Petechiz are common and sometimes appear in successne
crops They may be seen under the natls 1 the ocular fund: i the con
junctive or anywhere m the skin or mucous membranes Under the natls
they resemble small spinters (Horder 1926) 1n the fundt they may have
white centres of exudate 1n the <hin they must be distinguished from
nunute telangiectases—Campbell de Morgan s spots Petechiz tn succes
av€ craps or otherwise are in no way dugnostic of bactenal endocarditis
They are due to capillary hamorrhage and mav oceur 1n any condition i
winch the capillanes are suitably damaged ncluding most forms of sep
cema acute 1k fever (espectally when d with ~cute
glomerulonephritis) and severe anzmia In bactenal endocardis the
capdlary e 100 may be due to towns to allesgy o to anemia
Increased capiflary fragihty may be demonstrated by the capilan
7ESISTANCE Test
A cuffis placed on the upper arm nftated to a pressure of go mm of mereury
and mantamned for five minutes alternatnvely a pressure of §o mm of mercury
may be mamntaned for three munutes The arm belaw the cuff 15 then mspected
Most normal subjects are un iffected but some develop a few tmy petechue in the
ante cukatal fossa ‘The result of the test may be expressed as shghtly moderstely
considerably or grossly positne or as negatne the four postinve grades repre
<enting transition from a few tiny hemorshages to gross purpura
It may be positive or negatn e in bactertil endocartitts when spontzneous
petechuz are present When positne st 15 well to make sure that vitanun
defictency 1s ot responsible or to cover this po.siility by giving adequate
doses of ascorbic acd rutin and crude vitamin P
Hmall hemorrhagic pustules 1n the shin may occur in the acute pyogente
forms of bactersal endacarditis and are embolic m ongin
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Clubbing of the fingers (and toesy Clubbing occurs in about half of the
subacute cases but as 1t tahes at letst 3 10 6 weehs to deselop atis rare m
malignant endocarditis Larly elubbng may be recognised by noting con
gestion and thicherng of the nail fold and Joss of the normal angulation
between the nail fold and the base of the nail Shght clubbing should be
mnterpreted with caution however for it may occur in many conditions

luding actne,rt cardiis Consp bt on the other
hand provides excellent supportine evidence of bacterral endocardttis 1f
cyanotic congemtal heart disease pulmonary abscess bronchopenic carct
noma and a congenital onigin can be excluded The mechamsm ot clubbing
18 not vet fully understood

Nodes Osler s nodes are small transient crythematous lestons about the
size of a pea lasting 2 few davs and ynid pink m colour sshen fresh blsh
when fading often with a darher centre they are rased palpable and
tender and may be found particularly on the pads of the fingers and toes
on the sides of the fingers or on the thenar or hypothenar eminences
(Osler 1909) They are due to infected cutaneous emboli and the respon
sible organism may sometimes be cultured from them

More 1mportant perhaps because more common are larger deeper
nodes which vary from the size of a pea to that of 2 grapefruit Lhey are
red pamful hot and tender may occur anywhere in the imbs and may
be mustaken for osteomyelitis or pertostiis Vhen a lesion mvolves the
finger 1t closely resembles an ordinary infected pulp 1t 1s non suppurative
however and disappears 1n about a week 1f left alone Cultures from the
mflamed tissue may yield Streptococeus vardans Red tender macules are
equally charactenstic and even more common and may also yield positive
cultures from biopstes

Embol In addition to the minute emboli which cause white centred
petechie and the nodes just mentioned farger embol may block any artery

bral visceral or peripheral They are more common in the radial

ulner posterior tibial and dorsal artery of the foot than in the axllary or
femoral artery because their size 15 mited For this reason penipheral
embalt are often symptomless and are only discovered by those who
look for them In cases of suspected bacterial endocarditis the peripheral
vessels should always be palpated and therr patency noted for future
reference

Mycotsc aneurysm Ulceration or degeneration of the wall of an artery due
to local inflammation from an infected embolus lodging within the vessel
T 1n 1ts vasa vasorum may result n the formation of 2 mall aneurysm In
a peripheral vessel this 1s controllable but when 1t occurs i a isceral
artery fatal hzmorrhage from spontaneous rupture may ensue

Pulmonary embol When bacterial endocarditis involves the pulmonary
or tncuspid valve or when 1t 1s associated with 2 left to nght cardiac shunt
s 1n patent interventnicular septurn embol may be flung into the pul
monary ctreulation Numerous small pulmonary mnfarets result and may
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grve nseto a chmeal picture hemorrhagic
bronchopneumonia

Renal lesons The vanous renal lesions that may occur in bactenal endo
carditis represent almost every aspect of the disease

(1} An embotus lodging 1 a small renal artery leads te simple infaretion
of the kidney with hematuna or without signs or svmptoms

(2) Minute bacterial embali may cause embolic nephritis which
greater or less degree s found n the majority of cases Only some of the
glomeruly are involved, rarely more than 60 per cent and most of these
have some of their capillary loops mtact so that the tuft is not entirely
avascular and the health of the tubules 1s not senously threatened Affected
capiflanes are converted into a hyaline mass and red cells may be found 1n
the capsular space and in the urme I'mbolic nephntis does nat cause renal
failure becruse a suffient number of glomeruls are always spared (Bachr
1921}

(3} In acute pyogenic forms of bactensal endocarditis particularly when
pneumococcal or staphvlococcal 1n ongin miliary abscesses may be found
1 the substance of the kidney

(4) Petechie due to simple capiilary heemorrhage may occur on the sur
fare of the kidney in the absence of embehic nephntis 'They are then sumilar
to those found 1n the pencardium  pleura and shin

(5) Ordmary acute diffuse glomerulo nephntis may occur as with ather
streptococeal snfections and may progress to renal failure but not mare
than 5 to 10 per cent of all cases take this course

(6) Sumple congestion of the kidney may result from heart faiture and
grve mse to albuminuria and to a few red cells in the unne

Tvwill be appreciated that these six types of renal lesion represent throm
bouic emboh bemgn bactenal emboli sepic embol smple remorrhage
toxemia or alfergy and heart falure respectively and that neatly all the
features of dacarditis may be und d 1n terms of these 91X
factors

Changes in the ocular fundus Swnple petectiz like those m the shin are
fairly common Oceasionally, they have white centres and may be embolic

s ongin {t should be understood that these whute centres represent exu
date and that :dentical lestons may be seen 1n other condsnons particularly
leuk-erma permicious anemia and mabignant hypertension The evudate
may be surrounded by hemorrhage or may be to one side of 1t Embolism
of the central artery of the retina or of one of 1ts mamn branches may cause
complete or partial loss of vision but ss fortunately vare Finally papil
Iedema or papillins wath or without widespread hzmorrhages and est
dates 1t not uncommon when there 15 diffuse glomerulo nephntis the
b

sppearances resembling those of malig hvp

f recurrent or
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DIAGNOSIS

It 1s emphasised that pyrexia anema splenomegaly petechie and
diffuse glomerulo nephritis mav oceur whereser the site of the cardiac
lesion that systemsc emboli mycotic aneurysms nodes and embol
nephrtis signify left sided lestons e g aortic or mutral valve discase that
multiple hemorrhagic infarcts 1n the lungs are the prerogative of night
sided valve lesions and of left to night congenital shunts such as patent
ductus and maladie de Roger (Barker, 1949)

Chnically bacterial end itis should be dered 1n all cases of
unexplained fever with suspicious auscultatory signs in the heart If an
indeterminate anzmia 15 also present a determined search should be made
for other evidence 1f splenomegaly petechiz and red cells 1 the unine
are added the diagnosis becomes probable but 1 sull uncertain On the
other hand clubbing of the fingers nodes peripheral embol: mycotic
aneurysm nephntis and characteristic fundal changes may each one of
them be diagnostre of bacterial endocarditis when associated with fever and
an approprate cardiac leston

The diagnosts 1s confirmed by a positrs e blood or bone marrow culture
Six tubes are usually set up from each sample and 4 to 6 samples should
be ob d at diffe times preferably when the temperature 1s high
before a negatnve result s accepted It should be pointed out however that
blood cultures from patients with pyorrhea or with dental abscess may
grow Streptococcus wirsdans when the specimen 1s obtained after chewing
so that the diagnosis of bacterial endocarditis should never rest on positive
blood culture alone

NATURAL COURSE

Untreated pattents with acute infection die tn a matter of days or weehs
usually from septiczemia or from the effects of emboltsm those with sub
acute infection usually live for months and occasionally for years bouts of
fever with exacerbation of signs and symptoms alternating with afebrile
Quiescent phases described by Libman as bacteria free peniods Death may
result from heart failure cerebral or other visceral embolism hzmorrhage
uremia or other causes According to Libman and Friedberg (1941) about
3 per cent of all patients recover spontaneously but Lichtman (r1943) foun
that only 1 per cent of 2 596 cases coll d from thel sor d

PROGNOSIS
Penuaillin and streptomycin have radreally altered the course of bactertal
endocarditiy for the nfection can now be controlled 1n go per cent of cases
Owever about 35 per cent stll die during or shortly after treatment
mostly from heart fallure This tugh mortality may be due to the frequency
of serious tovic myocarditis and to the relatively rapid increase 1n seversty
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of valve lestons Urmmia accounted for only 6 per cent of the 131 deaths
i the combined hospitals senes reported by Chnistie (1948) emboh for
11 per cent and haemorrhage for 8 per cent The most important factors
mfluencing the mortality rate proved to be the presence and degree of heart
failure the duration of the infection and the nutrimonal state of the patient
Relapses are comunon in madequately treated cases but should not
exceed 10 per cent in pattents who have recened at least o 5 mega umt of
tha daily for a penad of 28 days Nearly all those who
relapse do so within one month of ceasing treatment The frequency of
recurrence {as distinct from relapse) 1s not yet known

TREATMENT

Prophylactic Surgical repawr of patent ductus artenosus not only cures
the defect but protects the patient from infectsse endartertss Repair of
coarctation of the aorta may be less successful m the second respect because

may yet compl an d bicusptd aortic valve

Dental hygiene 1s particularhy important i 1l patients who have con
genital heart disease or chrome valve disease Tooth extracuons tonsy
lectomy and other I N'T operations should be covered by 100 oco unts
of pensesllin six hourly for 48 hours

Acute pyogenic infections should be treated with pemaillin rather than
sulphonamides in patients who are susceptible to bactenal endocarditis

hemotherapy Sulph des have proved disappointing and although
they may temporarly stenfise the bioad stream and lower the temperatute
they rarely cure the disea e Chemotherapy 1s at a disadvantage bevause
bactenal endocarditis 18 practicatly avascular As previously stated bactersa
are burted in a mass of thrombotic vegetations which serve as an excellent
cultare med Tes ble to suppase that 1f the fi of such
thromb: could be prevented the culture medium would become exhansted
and the bacterta would starve or become exposed to chematherapy o
effect this hepann has been admimstered intravenously either by the dnp
method or bv four hourly mjection over a peniod of weeks the dosage
being, controlied by the clotung time of the blood which 1s kept at 10 to 60
minutes

1 trred thus treatment for the first time n 1037 i1 an early case of baterral
endocarditis due to Streplococens weridars on the mtral valve

The patient was 2 youngish woman 1n 2 good state of nutntion wha presented
with organic matral incompetence contimucd pyrexia of moderate degree splena
megaly and repeated positine blood cultures As she had been told the disease
was fata} she wiibingly submatted 1o the experiment Hepanin was given by mtra
venous myections at four hourly mtervals over a period of three weeks and the
clottimg time was kept between half an hour and four hours From time to tume
she bled rather profusely from her teeth but there were no other il effects until

the end Tn addition to the heparn @ full course of sulphanilanude was admms
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tered from the tenth day onwards "Two hours after the last dose of heparin w hin
ter lottng time was sull an the reyson of ane hour she died suddenly of sub

arachnord hemorrhage due possibly to a ruptured mycotic ancurysm Owingto
the prolonged clotting time she had no chance against this catastrophe At autepsy
(when the blood was stlf unclotted) old vegetations were seen on the mtral vale

but there were no recent thrombr the surface of the granulations being smooth
and white Macroscopically the objeet of the treatment appeared to have been
achieved M meally hawever Dbactena could be seen 1n the old
thromb cultures from which were positne

It was concluded from this expeniment which offered a peculiar oppor
tunity for autopsy inspection at the cntical moment that three weeks
hepann bined with sulphanilamide was meffectine Subse
quent work has confirmed this observation (Leach et al  1941)

Another method which 1t was hoped would yield more fruitful results
was to combine chemotherapy with hyperthermia for sulphonamudes are
more potent at lugher temperatures 1n vitro (White and Parker 1938) but
this proved luttle better than heparin Of a series of 489 cases treated with
sulphonamudes alone collected by I ichtman (1943) 4 per cent recovered
of 109 cases treated with sulphonanudes combined with heparin or hyper
therma 6 4 per cent recovered

"The situation has greatly improved since the introduction of pemicillin
Patients should be treated early 2 soon as the diagnosts 15 chnucally pro
bable without waiting for positive results of blood cultures Every effort
should be made to counter malnutrition and a blood transfuston should be
given if there s enous anmmsa

The standard dose of pemicsliin 1s © 5 mega umit daily given in divided
doses of 60 oco units three hourly 80 coo umts four hourly or 120 000
units six hourly and continued for twenty eight days Nothing less than
this will suffice and larger doses prolonged for six to eight weehs are often
necessary One of my patients was not contrelled until she recenved a
million umts three hourly and a total of 250 million units If the resistance
of the organism 1s known so much the better but even then the optimum
dose cannot be calculated exactly because it depends partly on the physical
properties of the lesion Swaft and maintamed chinical response 15 the only
relable criterion by which to judge the correct dose If however the
resistance of the organism 1s known to be more than eight times that of the

standard test stramn of Oxford staphylococcus the dose of pemcillm should
certainly be increased proportionately (Chnistie 1g48) If the coefficient of
resistance 1s 10 not less than 100 coo umits three hourly will suffice if 20

then at Jeast 200 coo units three hourly will be necessary—and so on
(Baehr and Gerber 1947} Peak (15 to 30 munutes after ntramuscular
injection) or constant (with the mtravenous drip method) blood serum
levels of pemcillin expressed 1n unuts per ml may also be measured and
checked agamst tables giing the expected level for the dose employed

Peak levels should range from 2 to 25 umits per ml wath doses of 60 oo to

An
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500 000 umats intramuscululy constant levels between 1 and 10 units per
m} with dailv doses of 500 600 to 4 miltlion units
To av0ud the discomfort of trequent needling there 1s an increasing, ten
dency to give massive doses of penicillin {0 25 to o 5 mega umt) three or
four umes daily As these massive doses have a penetrating power dented
to more modest quantities there 1s something to be said for this method
but they should not be given too ifrequently
Another wav of reducing the frequency of injections while mantamning
a sufficiently high blood level over the 24 hours 1s to give a suspension of
procune perucillin in o1l (Herrell Nichols and Heilman, 1947) ampoules
are mailable containing 300 000 units per mi njections are pamless and
may be given once daily Particular care should be exercised m using aily
solutions on patents with nght to feft intracardiac shunts owing to the
danger of paradoxical cerebral embolism
Finally the blood level of peruciflin may be increased up to fourfold by
the oral ad ration of certan sub such as benzoic acid {Bronfen
brenner and Favour 1945) sodmum benzoate or caronamide (4*fcarboxy/
phenyimethane sulphonamhde) which intetfere with pementlin excretion by |
the renal tubules The dose of each of these substances 15 2-3 G four-
hourly (Boger et al 1948) Caronamide may be combmed with sodum
benzoate with some advantage and 1s a valuable adjunct to treatment m
tughly resistant cases
Treatment of relapses or resistant cases 1f the previous course of treatment
was madequate 1n dosage or duration the standard 28 day course should
be instituted but 1f a relapse follows adeguate treatment every effort
should be made to culture the organism and to determine its sensitavity ta
pemedhin 1f sts resistance 1s not greater than eight times the standard the
dose of pemaillin should be doubled and treatment should be conemued
for six weeks If the coefficient of resistance 1s greater than 8 the dose of
pentailin should be increased proportionately If the arganism s mghly
resistant or 1f 1t has not been 1sofated and the mnfection remains uncon
trolled streptomycmn may be tnied The dose s 1 to 3 G daily for four to
s1x weeks Caronarmmide does not influence the blood Ievel of streptomyein
for the latter 15 excreted by the glomerult
Tovic reactions of pemalfin Apart from local pain from subcutaneaus or
superficial intramuscular injections and phlebothrombosts from mtra
venous injections the only tovic mansfestations which can be attributed to
pemeaillin are fever and urticanta Fever was common when crude pemaillin
was used but 1s rarely seen nowadays Urticaria develops in about 5 per
cent of cases and may be extreme soft tissue cedema and hydrarthroses
are occastonally associated This allergic reaction 1s alleviated by

adrenahne and by the antit group of drugs Pentcihn may be
continued 1n mild cases but may have to be stopped 1f the  ction 13
severe

The chief towic effect of streptomycin 1s on the vestibul s of
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the sense of balance may be permanent if heavy doses are continued after
giddiness has developed A consenvative dose of 1 G daily however may
be continued n the presence of munor vestibular symptoms if the latter are
lled by means of antih drugs

Less toucanubiotics such 2s chloromycetin are hikels to replace strepto
myan i the near future

Other considerations An 1nfected ductus should be controlled by pent
cllin then higated as soon as the patient 1 fit enough

Heart failure should be treated mn the customary fashion but the prog
nosts 1s grave in these cases

Diffuse glomerulo nephritis may be mustaken for a relapse of bactenal
endocarditis If the renal function 1s impatred the blood level of peniaillin
may nse considerably and thus atd the pnmary treatment unfortunatels
honever the nephnitis usually proses fatal
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CHAPTER \II

PERICARDITIS

HE features of penicarditis depend upon 1ts etrology upon the pre

sence or absence of effusion upon the nature and hy drosfatic pressure

of such effusion and upen the development or otherwise of constric
tion in chronic or adhesne cases

LCTIOLOGY

Pericarditis may be rh \ 1 pyogenic urEmiv
or secondary to myocardsal infarction malignant growths may invade the
pericardium hemopericardium may result from rupture of a syphilitie or
dissecting aneurysm  from perforation of a myvocardial mfarct or ventnt
cular aneurysm or from stab or gun shot wounds of the heart hvdro
pericardium may complicate congestive heart fatlure or myxcedema some
times the etiology 15 obscure All these types have their own special
charactenistics which will be described subsequently but they have also
certam features 1n common

DRY (TTBRINOUS) PERICARDITIS

All vanieties of pencardial nflammation may present 1n this form The
diagnosss rests on three cardinal signs pamn pencardral fricion and a
specific el pattern  Disturb of temperature pulse
Tate sedumentation rate et of course may occur but are of little help in
diagnosis

Pain Capps (1932) found that the pencardium was nsensitive to stimuly
caleulated to produce pain except m that part of 1t roughly its lower third
Wwhich s suppled by the phrenic nerve It follows that pericarditis should
be pamless unless the pain has phreme distribution or unless 1t 1s pleura
in type from secondary inyolvement of that structure In fact this 1s so 1n
the majonity of cases there 15 no pain 1 some pain 1s referred to the neck
or shoulder p 1n others 1t 15 precordial and pleural 1n type catching the
breath on 1nspiration or on coughing

Pericardial Jriction Friction sounds may be heard anywhere over the
heart according to the site and nature of the pathological process but are
Most common at the left sternal border i the fourth mtercostal space over
the area of maximum cardiac dullness where the pericardium hes 1n con
tact with the chest wall They are superfictal rough or smooth loud or
soft their tming 15 peculiar being out of otep with the heart sounds Some
times they are confused with the to and fro murmur of aortic valve disease
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or with artificial stethoscopse sounds they escape detection
Pleuro pericardial fnction can usually be d hed by ts reb hip
to respiration

Flectrocardiographic changes A d 1c el drographic T pat

tern, first described by Porte and Pardee (192g) mav be found m the
majonty of cases of genune penicarditis whates er the etwology, and whether

Fig 12 av—Flectrocardiogram showing the early pha ¢ of the puncerdnl T2 pattern
Thus graph 15 atypicat 1 that the R T sepment 18 not elevated in lead 3

or not there 18 effusion (Woad 1937) It develops i two stages cach and
late the changes usually appeanng 1n all leads and therefore especially 1n
lead 2 In the early phase (fig 1. or) the RS T segment 1s elevated but
retans 1ts natural concavity Withun 1 few days 1t regamns the 1so potential
Jevel or becomes depressed and the T wave becomes flattened dipbasic
ot mverted (fig 12 02) QRS unchanged throughout or losing
voltige When the inflammation subsides the graph returns to noemal
except when 2 tubercnlous or pyogeme pericarditis merges into the chronc
consinietne form  when flat or msertud T waves and low voltage QRS
complexes become permanent The T pattern may onh be appreciated n
sertal electracardiograms as changes may be confined to leads 1 and 20
one record and 1o Jeads 2 and 3 in nother Stmilar appearances are seen
1n all chest Jeads and may be found when fimb leads are normal (fig 12 03}
Both early and late stages appear 1o be due to alteranons m the bio
ph)slcal properues of the sub epicardial myocardum whether or not there
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Fig  o2—Flectroca dog amshow ng 1 theph ofth p ca dal Tz pattern ca e
of pyogenic b rica d s sec ndary fo t onchopneumon a
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are recogmsable structural changes (hasch o7 ol 1040} The carly pattern
of generalised peticarditis may be distinguished from that of myocardual
nfarction by the absence of 2 conspicuous Q wave by the preservation of
the upward concavity of the RS T segment and by the accurrence of
maxmum RS T deviation in lead 2 {cf T, and T, tvpes 1 myocardial
nfarction) W hen perscarditis 1s locabsed however changes may be maxt

mum i feads 1 or 3 (Burchell Barnes and Mann 1939} The later stage

i T
P .JLP.

s .
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Tig 12 o3~Flectrocardiogram showing late changes due v pencarditss o the econd
record (znd Tebrusry 194b) they are lumited to the chess feads

may be confused with actsse cardstss myxeedema carbon monovide poison
ing severe anermn concordant left ventncular preponderance combined
anterior and p myacardial nf: and long standing con
gestive heart failure from anv cause On the other hand the characterstic
mtial phase the changing picture n sertal ¢raphs and the chnical features
of the case usually make the dignosts easy

PFRICARDIAL EFFUSION

Fluid in the perscardsal sac may he s umple transudate (hydrapertcar
dum) a straw coloured sterde evudate 2 purulent exudate or bloo
(hemopenicardium) It may disturh the patient n one or more of fous
ways (1) stretching of the penicardium may induce przecordial discomfort
(2} large efh exerting p on sur ding structures especial
on the broncht and fungs, may produce reflex cough and dvspnea (3) sf
the flud 15 purulent there mav be constitutional effects similar o0 em
pyema {3 s the pressure nises i the pencardial sac cardiac fitling 18
hampered the f nises 1o the syst vewns the ventricular strohe
output dimirushes and the blood pre sure teads to fall [he raised venous
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pressuress partly beneficaal for it ards earduac filling the demmshed szro:\;e
volume 15 countered by tachycardia vasoconstriction serves to m}mnmm
blood pressure (Stewart Crine and Deitrich 1938) \\;\en these :C.:)::n
pensatory adjustments fail to mc:c:1 the circulatory demands the situ
becomes enitseal (cardiac tampona c)

Lffusions 1n c‘((ceas of 250 lxv‘ﬂ m1y be detected by percussion Dullness
may be elicited n the -
second left space when the .
patient lies flat to the left — ~
of the apex beat when the
latter can be Iocated 1n the
xiphisternal angle and to
the nght of the sternum 1n
the 4th and ,th intercostal
spaces (Rotch s sign 1678)

Auscultation res eals pen
cardil  fricton 1 the
myonty of instances even
with gross effusions and
the heart sounds are faint
Sins of pulmonary col
lapse are common at the
left base (Cwarts sign
1896) and consist of dull
ness  to percussion n
creased  tactile  fremitus
bronchial breathing  and

e p—
4

st e e
whispering pectoriloquy
with no adventitious Fig 12 04—Skiagram of a case of pericardal
sounds effision showing an acate nght cardiophren ¢
angle
Fluoroscapy shows the

natural contours of the heart to be obliterated by a large globular or p’?}:
shaped shadow whuch may change its shape with alteration of posture The
night border usually meets the diaphragm at an acute angle (fig 12 04) 1
contrast to the blunt nght cardiophrenic angle of tricuspid valve d:;ea;e
(fig 1206) Pulsation 15 dimumshed and may be absent The size of t ;
shadow mav change rapidly and grossly from week to week (figs 12 04 an
12 05} In the first obhque position the concave line of the mfenor Lena
cava at the posterior mferior angle of the heatt shadow 1> replaced by a
convex backward bulge 4
Cardiac tamponade The pressure wathin the pericardial sac depends upor;
the quantity of fluid the rate at which st accumnlates and the elasticity o
the panietal pencardum The presence and degree of cardiac compresston
o tamponade may be assessed clinically by estimating the blood pressure
the venous pressure the pulse rate and the amount of vasoconstriction



g 1. 05~ Sloogram sho 18 rapid dimination 1 12¢ of cardiac s Ihouette as effusion

15 absorbed Taken six ‘eehs after T1g 1204
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Paracentesss 1s advised if the blood pressure falls below go mam  of mercuny
or f there 1s 2 Ingh venous pressure together with marhed tachy cardia and
conspicuous vasoconstriction The cervical vens pulsate less than in con
gestve heart fadure and considerably less than i tncuspid incompetence
Vasoconstriction results tn pallor cyanosis and coldness of the skm
especially of the extremities

There 15 reasan to belteve that cardiac tamponade sertously interferes
with the coronary blood flow not only because the cardiac output - reduced
and the blood pressure fow but because the pressure gradient between the
aotta and coronaty circulation 1 significantly reduced The myocardium
appears to suffer accordinglv and true heart failure mas vesult This may
explan those cases that fml to recover after decompression and suggests
that tamponade should be regarded s @ medical emergency

Differentsal dhagnosis 1t may be by no means easy to distinguh pent
cardtal effusion from acute dilatation of the heart chatcally or radiwlogically
The electrocardiogrim may help Q To being relatisely short i pencardial
cffusion and fong when the heart 15 dilated When the diagnosss 1s 1n doubt
however it 1s best to explore with a needle for the treatment of the two
conditions 1 radically different

Preatment  Lhe object of treatment 1s to present death from cardue
tamponade and 1s achiesed by avording therapeutic agents which may
lower the venous pressute such as mersalyl a low sodrum diet and vene
section and bv d f necessary Par 15 miy be carned
out to the left ot the apex beat or at any point where there )s yeason to
believe there 1s plenty of flid 1f the needle touches the heart foraible
pulsation can be fult and 1t should be withdrawn a Intle or mserted else
where with due care the nisk of causing h-emopericardinm from punctuning
a coronary vessel 15 small Fluid mav also be removed if purulent or of
untoward symptoms are taused by pressure on surrounding structures
H P which 15 bie for many ca es of tamponade
tequires surgical evacuation and repair of the underlying injury

CHRONIC CONSTRICTIVE PERICARDITIS

Although Richard 1 ower described the paradoxical pulse and calesfied
penicardum as early as 1669 he was not 1n a pounon to grasp thur full
significance and 1t was Chevers who really drew anention to the disease
giving an excellent account of 1t with considerable understanding of the
circwlatory dynamics wvolved m 1842 The term  Pich s disease ’ 15 un
tortunate for Pick (1896) merely emphassed the accompamung  pseudo
cirrho 15 of the liver  and because prionty undoubtedly goes to Chevers
The 1ssue 15 best avorded by adhenng to the descniptne title—~chromic
constnctive pencarditts

Mostid anatory The condition may be regarded as a compluation
of the healing process followmng tuberculous  pyogenic  and perhaps
certons other forms of penicarditis for the fibrous tissue whach may be
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Iud down s0 extensnvely 1n the actve phase of these diseases contracts on

and himits dhastol. T of the heart Calcium s often

deposited 1n large quantitics and the whole heart may become encased m
stane

Etwlogy Tuberculosis accounts for at least three quarters of the cases
and may be stll actne when constriction first develops The pvogenic
bactena appear to be responsible for a few and the cause 1s uncertain or
unknown 1n the remamnder None are rheumatic (White 193,)

Clinseal features The clinical prcture 1s one of more or less generalised
cardiac compression the circulatorv dynamics being somewhat similar to
those of high pressure pericardial effusion The unytelding pertcardum
however sets a ngid himit to maximum cardiac filling no matter how high
the venous piessure and the cardiac output can only be increased by
acceleration of the pulse (Stewart and Heuer 1939) Patients usually pre
sent themselves with dropsv and ascites and may feel relatively well They
may complain of breathlessness on exertion but are usually comfortable at
rest and able to lie flat Cxamination reeals a high cersical venous column
with diminished pulsation and perhaps 1nspiratory dilatation (hus maul’s
sign) enlargement of the Iner cedema and ascites Pulmonary congestion
and orthopneea occur occasionally 1n these cases cardiac catheterisation
may reveal a raised pressure n the pulmonary artery proving that the
constriction 1s mamly left sided (Oglesby ef al  1948) The pulse 1s small
and often paradovical tending to disappear durng inspiration and the
blood pressure 1 inclined to be low Compensatory vasoconstriction may
give mse to pallor cyanosts and cold of the shin especially of the
extremities ‘The heart itself does not appear to be enlarged On palpation
there may be an apprectable duastolic. shack as 1f the heart filling rapidly
under the influence of a high venous pressure suddenly met the unvielding
resistance of a ngid pericardtum which from a state of relaxation way
thrown abruptly mnto tension on auscultation this 15 represented by an
accentuated third heart sound or early diastolic report Friction 1s absent
Aurtcular fibnllation occurs in about one third of cases and 1s the rule m
patients who are over 30 years old

Fluvroscopy reveals hittle cardiac pulsation the heart shadow 1s normal
in size 1n 45 per cent shghtly enlarged in 17 per cent moderately enlarged
m 32 per cent and greatly so 1n 6 per cent and has a relatively 1ll defined
outhine (Oglesby Castleman and White 1943) Enlargement when pre
sent 1s usually due ta the thickness of the pericardium which may measure
as much as 26 mm (Freedman 1939) The shape of the heart shadow 1s
also altered being tnangular in half the cases with straight left and night
borders and a small or absent aortic knuckle Calerfication occurs 1n about
half the cases and 1 best seen in the left antenor oblique position (fig
12 07)

The electrocardiogram shov s low voltage QRS complexes with
flattening or shight mversion of ‘1 in all leads representing the late stage




(a) Triangular shaped heart (b) Calcification seen 1n second oblique view
Fig 12 of a case of

Fig 12 a8—Electrocardiogram i a case of chrome constrictive pericardinis showing o ¥
valtage and flat or inverted T waves
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of the pericardial T, pattern which 1n these cases 1s permanent (fig
12 08)

Treatment ['reatment consists of cardiac decompresston achieved by
surgical removal of the constricting tissue (Churchill 1929) The left side
of the heart must be freed first or acute pulmonary edema may result
Removal of calcium may be difficult and time consumuing but 1s amply
rewarded The chief dangers durning the operation are hzmorrhage and
cardiac arrest or ventricular fibnillation The post operative course has been
smoother since the advent of chemotherapy for pulmonary and pleural
sepsis can now be avorded or treated effectively The frequency of positive
cultures obtained from pericardial tissue removed at operation has proved
that activity 1s no direct bar to surgical treatment but has encouraged the

use of strep y Dramatic clinical recovery may be
expected after successful pericardiectomy  but the total operative mortality
15 about 33 per cent and :mothcr 10 per cent of cases die shortly afternards
(Sellors 1946) P t lous actvity 1s responsible for some of
these deaths and others have been due to mexpenience In expert hands
the immediate surgical mortality should not exceed 10 per cent in selected
cases under 50 years of age the risk 1n older patients 1s probably too great
to justify operation Excellent results are obtained 1n 50 to 75 per cent even
though the venous pressure remains somewhat elevated and the electro
cardiogram shows perssstent inversion of the T waves

ADHERLENT PERICARDIUM

Duning the first quarter of this century adherent pericardwum was stll
considered an tmportant complication of pericarditis Extenstve adhestons
anchoring the heart to adjacent resistant structures were believed to add a
heavy burden to ventricular systole ‘The theory was coloured by the patho
logical observatmns of Cabot (1926) who recorded gross cardiac enlarge
ment d with 1] dh pericarditis The clinical picture
1ncluded Broadbent s sign (indrawing of the postero lateral aspect of the
nbs during ventricular systole resulting from fixation of the visceral pert
cardium to the diaphragm) paradovical pulse diastolie shock or rebound
of the ribs fixation of the apex beat so that 1t failed to shaft with change of
posture stmular fixation of the electrical axis of the heart and unexplained

cardiac enlargement To cure this unh di the op of
cardiolysis (Brauer 1903) was devised to frec the heart of 1ts encumbrances
by dividing adhesions between 1t and the ding tissues and 1}

by extenstve nib resection so that the heart could pull agamst less resistant
structures In more recent years however the serious consequences of
adherent pericardium have been denied and its surgical treatment 15 no
longer favoured

Hoslér and Walliams (1936) failed to produce any cardiac enlargement
or alteration of cardiac function by suturing the heart and percardium to
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the draphragm 1n 13 dogs nor could they find a single mstance of cardiac
enlargement 1n 76 cases of adherent pericarditis 1n whuch there was not an
adequate organic intracardiac cause chiefly valvular disease Simular chint
cal and autopsy evidence was obtained by Armstrong (1940) 1n 72 cases
and by Lyvans (Parkinson 1936) in 49 cases

All Cabot s cases of gross cardiac enlargement with adherent pericardium
were complicated by sertous valve disease Although Broadbent s sign (of
not confused with indrawing of the left antero lateral aspect of the thorax
which may occur whenever the heart 1s grossly enlarged) and diastolic
rebound of the ribs are reliable signs of extrapencardial adhestons para
doxical pulse favours constriction and fixation of the apex beat or of the
electrical axis 1s too varniable to be of diagnostic value (France 1938)

TYPLCS OT PCRICARDITIIS BASI'D ON LTIOLOGY

Rheumatic perrcardins The dry form may gne nse to nothing more
sertous than transtent penicardial frietion but 1t has an important bearing
on diagnosis 1ts advent during the course of rheumatic fever proving
beyond question the presence of active carditis More extensive pericarditss
1s usually d with gross rh fe so that serious carditis
may be assumed These patients are often very 1l but 1t 1s not necessarily
the pericarditis which mahes them so The development of cardrac dilata
tron and fmlure under these circumstances s apt to be mustaken for
pericardial effusion with cardiac compression and indeed the differential
diagnosts may not be easy The position of the apex beat in relation to left
border dullness the ease with which 1t can be felt and the presence or
absence of dullness mn the second left ntercostal space are good gurdes
but the electrocardiogram may be indetermunate and the interpretation of
portable \ ray films difficult (the pattent being t00 11l to move to the \ rav
department) O« ily diagnostic par may be necessary

The electrocardiogram has faled to show any alteration of the ST
segment and T wasve 1n at least half the cases of proved rheumatic pent
carditis observed at [aplow even when subsequent necropsy has
revealed a grossly thichened pertcardium No other form of perrcarditts
behaves like this and 1t 1s suggested that a superficial current of injury
may fail to develop because of the lack of an apprectable boundary zone
between the pericardium and underlying muscle owing to simtlar diseasc
of both Shortening of Q TC however may occur and in the absence of
digitalis therapy at once distinguishes pericardial effusion from a dilted
heart

Rheumatrc pericardral effuston 1s a clear straw coloured sterile exudate
1t rarely compresses the heart tends to be resorbed spontaneously without
undue delay 1ppears to respond to salicy lates and s usually best left alone

Fortunately, there are no significant after effects for chreygé constrictive
pericarditis 15 practically never rheumatic and adhcn}\f’l‘cardmm
though not uncommon 1s of little importance Pericard: ication 1>

seen occasionally but 1s scanty and harmless
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Treatment 13 linuted to relief of pam when present and to cardiac
decompression n rare cases of high pressure effusion For the former
antiphlogistine 1s comforting but when the patn 18 severe morphine should
be given For the latter paracentesis 1s required and should be repeated
when necessary Salicvlates may al o help Otherwise treatment should be
directed towards the rheumatic illnes as a whole

Tuberculous perrcarditis "Fuberculous pericarditis may be uncommon
butit1s hardly rare 1t affects all age groups but fasours coloured races and
the male sex The infection usually spreads from mediastinal lymph glands
or pleura Lffusion 1s the rule and if the pauent sunives constriction may
follow The onset 1s insidtous and 1n cases with effusion a large quantty
of fluid may collect before symptoms are noticed Dyspneea and an irntable
dry cough due to pressure on the lungs and bronchi are the usual com
plamnts The absence of constitutional disturbances 1s often remarkable
but continued fever anorexia loss of weight night sweats and secondary
anzmua may occur 1n the more active cases Dragnosis depends upon the
absence of rh upon the sub or chronic course
of the malady upon the discovery of tuberculosis elseshere and upon the
results of culture and guinea pig 1 of of flmd o d
by p:xracemcsls The effuston 15 usually a clear straw coloured exudate

ytes but 1 blood stained The course 1s
prolonged usually ranging between three and eighteen months and 1
often downhill with progresstve emaciation toxerma and anzmia cardiac
p may become d: when freq tapping adds to the
patient s musery
It 1s doubtful 1f more than 20 per cent of untreated cases with positive
cultures survive and of these the majonity develop chronic constrictive
pericarditis subsequently not infrequently active and constnctive stages
are telescoped The prognosts 1s very different when tubercle bacill: cannot
be recovered from the pericardial fluid the mortality rate bemg then less
than 10 per cent (Harvey and Whitehill 1937) but of course the etiological
diagnos:s in many of these cases 1s open to question and very few constrict
later Streptomyem 1 to 2 G dady for a month 1s giving encouraging
results and may alter the outlook in proved cases
Polyserositss Whil t tuberculosis may affect the pleura and peritoneum
as well as the pericardium the term polyserositis (Concato s disea.e) 1s
usually re erved for 2 somewhat similar inflammatory process of unknown
ongin Large effusions collect 1n the serous sacs the flnd being a clear or
opalescent straw coloured stenile exudate The process 1s obliterative and
1 the pleural cavity paracentesis must be performed ever ugher as the
two layers of pleara become fused together n a thich dense white matting
Over the Iiver and spleen the greatly thickened peritoneum resembles a
stout coating of sugar ice When the pencardium 1s involved re orption
of flud 15 followed by total obliteration of the pericardial cavity and con
striction may ensue The course prognosts and treatment are stmular to
those of tuberculous pericardial effusion
2
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Malignant ifiltration of the pericardium \hen a male over 40 vears of
age compluns of recent cough and breathlessness of insidious onset and
1s found to have a large pericardial effusion a malignant or tbesculous
ctiology 1s probable If there 1s no fever and the furd 1s blood stained the
diagnostic scalss tip sharply i favour of mahignancy When the pericardium
15 extenwvely imvaded hemorrhagic effusion and cardiac tamponade are
the rule but when 1t 15 infiltrated bv a single small nodule the flud 15
usually clear and straw colouted and the sac being more distensible tam-
ponade 1s less frequent he condition is imvanably fatal and death never
fong delayed Autopsy usuaily reveals a primary bronehal carcinoma

Pyogenic pericarditis Streptococeal preumococeal and staphyloceceat
wnfection may each gre nise ta percardius Fever leucocy tosis and toxemia
are more conspicuous than 1 other forms Effusion 1s common and usually
purulent It 1s generally behieved that recovery may be follawed by con
strictian but the point is perhaps still uncertam Streptococenl pericarditis
mav complicate tonsithiis ervsipelas broncho pneumonia or any other
streptococcal nfection It usuafly occurs during the acute stage of the il
ness and 1s then readily distinguished from rheumatic pericarditis but
when there 15 an appreciable Jatent interval this distinction 1s not so easy
Pneumococcal pericarditis 1s usually a compheation of left basal pneu
mama orgamsms ganung access to the pericardium by direct spread from
the pleura Staphvlococeal pericarditis may comphicate myocardal abscess
from staphvlocaccal septiczemia

The course and prognosis of pyogemic penecardits have been radically
altered bv chemotherapy  Pemallin 18 more effective than the sulphona
mudes and should be given in doses of 30 006 units mtramuscularly every
three hours day and might for seven 1o ten days About 1010 20 mi of 3
solution contaiming 1 ooo umts of pemciiin per ml should also be myected
mto the pericardial sac after paracentests Surgical drainage s only neces
sary when there 1s frank suppurition With such treatment mitial recovery
15 the rule but the ultimate outcome s uncertan The low mortality rate
may result in an increased inaidence of chrome constrictive pencarditis on
the other hand the prevention of frink suppuration may have the opp
effect The few cases so far folloved up by the author have not constricted

Benign pericarditss of uncertmn efiology, Most phvsicians are famuhar with
3 berugn form of pericarditis which may complicate upper respiratory tract
mfections as descnibed by Logue and Wendhos (1948) ar which may arise
spontancously LCffusion when present 15 stenle and complete recovery
takes place without treatment Some of these are probably pyogeme m
ongm and some are undoubtedly tubercul as the subseq tustory
may show It is therefore wise to treat all such cases with pemallin or
streptomycin according to W hether the chimeal features correspond more

closely to the pyogemc or tuberculous varety
Hamopericardium and traumatic pertcarditss Hmorrhage into the pert
cardial sac may be caused by stab or gun shot wounds by rupture of a
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syphilitic or dissecting aneurysm of the aorta or by perforation of a myo
cardial infarct or ventricular aneurysm VWounds of the heart are not neces
sanly fatal and if the patient survives the mitial isult rehef of cardiac
tamponade and surgcal repair may be Iife saving Rupture of the heart or
aorta mto the pericardium 1s always fatal but not necessanly rmmediately
A patient with a perforated infarct for example may hve as long as ten
days

Severe blows or crush injurtes to the chest or blast may cause myo
cardial brussing and pertcardial ecchymoses Transient pertcardial friction
and ch graphic changes usually provide evidence of

the lesion If there 1s no damage to the superficial coronary arteries com
plete recovery 1s the rule

1 g
1stic electrocar

An interesting form of traumatic pericarditis may be due to pericardral
foreign body (usually a metallic fragment) or to a foreign body lymng close
to the pencardlum In these cases recurrent attachs of perrcarditss with
clear sterile effusion may occur at any time up to four months after the
onginal mjury The interval between attachs 1s usually two to s1x weeks
during which the patient seems perfectly well The attacks themselves
which last about a week tend to be severe with fever rapid effusion
cardiac tamponade and considerable pan and distress Of seven cases
reported by Wood (1945) however none died If the foreign body 1s easily
accesstble 1t 15 best removed 1n a quiescent period 1f not 1t may be safer
to leave 1t e s2tu

Ureemic perscarditis Penicardial friction 18 not uncommonly heard m

patients dying of uremia Symptoms are rare effusiorrabsent and electro
cardiographic changes mimimal

At autopsy needle like crystals
of urea may be found massed
1 the pericardium

Pericarditis secondary to myo
cardial winfarction Acute myo
cardial infarction may give nse
to a local (6o per cent) or general
(15 per cent) pericardial re
action and perforation may lead
to hemopericardiom  Local
pencarditis 1s limuted to the sur
face area of the infarct gives nise
to no symptoms and does not
interfere with the electrocard

Fig 12 0y—Perica dual effusion of three yea s

1ographic pattern of the under
lying lesion A fleeting frictton
rub may be heard if the infarct
15 anterior

General pertcarditis 15 less

duration In a case of extreme essential hyper

Intra pericardial pressure was g ém of sal ne
the venous pressure was raised The
patient was able to | ¢ flat or 1o be tilt d head
do m without breathlessness After paracen
tsis orthopneea and pa ovysmal card ac
dyspneea developed w thina f w days
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common but more tmportant for 1t may cause additional pam, allows
anterior friction to be assocrated with posterior mfarction (Stewart and
Turner 1938) mfl the electrocardiographic pattern and may even
gne nise to effusion

Hydraperiardiym Hydropencardium assovtated with congestive failure
1s never conspicuous and 1s of no climcal fi Asa 1
of myxedema pericardral ffusion 15 not uncommon An mtcrestmg though
rare vanety of hydropericardium 1> occastonally encountered i cases of
mahgnant y pertension (tig 12 09) Relatrvely high pressure may develop
n the sac and by hampening, cardiac filling may prevent pulmonary con-
geston Such cases may remain remarkably free from symptoms if the
effuston 15 tapped orthopnwea and parexysmal cardiac dyspnea may
develop
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CHAPTER \11I
SYPHILITIC AORTITIS

YPHILITIC mflammation of the aorta 15 chimcally unrecogmsable
unless 1t results 1n fusiform dilatation saceufar aneurysm. aortic incom
petence angim pecterts or possibly heart block It 1s true that many
museums contamn a specimen of svphiditic myocarditis and even of syphu
hiic endocardius but these are oddtties The varrous mansfestatsons of
syphilitic aortitis commonly appear from ten to thirty years after primary
nfection usually between the ages of 40 and 6o account for about 5 per
cent of alt cases of arganic heart disease in Britan and are approsmately
five times more common 11 men than i women
“Thete can be Itke doubt that the disease 15 becomsng less frequent and
will become rare This 15 of course the result of educating the pubhe m
venereology and m the improved treatment of early syphslis Thompson,
Comeau and White (1939) found cardiovascular syphilss had des eloped
chnically m 10 per cent of 241 patients known to have had syphibs fifteen
to thenty five years p ty all bad been snadequately treated by 1930
standards Uncomplicated aortttis rarely recogmsed except at necropsy &
undoubtedly much more frequent but its exact sncadence 15 difficult to
assess publwshed figures dependmg on the criterx upon which the
duagnaosts rests Aortic ncompetence ss about fwice as common as
aneurysm
Whalst the climeal features may be diagnostic of 2 syphilitic etiology the
latter may be confirmed by a hustory of syphihs by signs of syphilis m
other systems {particularly neurosyphilis} by s posttsve Wassermann of
habn reaction m the blood m about 85 per cent of cases and by a per
sistently rased erythracyte sedimentation rate
Congenital syphilis does not cause sortins (MeCulloch 1g30) although
spsrochietes may be present m the aorta there 1s practically no tissue
reaction
Pathology  The wuntral Jeston occurs 1 the adventitia and consssts of
syphilinc endarteritis of the sasa vasorum and of focal granulomatous
ussue Although the inflammation spreads deeply mto the media atropht
and necross of muscular and elastic fibres are partly due to ischemta The
damage 1s patchy and 1s repaured by fibrous tissue the cro s section of the
sortic wall bemg correspondingly thinned at such pownts These smedial
scars are mdicated on the mner surface of the vessel by depres wons of the
ausma which presents a pock marked appearance Secondary athero
sclerosss with ext 1 b
358
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ANEURY SN\

Sooner or later the di eased medsa yields to the force of the blood
pressure either generally or atits weakest point and a fusiform or saccular
aneurysm sesults A fusiform aneurysm s little more than an exaggeration
of the mevitable dilatation of a 5y philitic aorta and has no greater con

It 15 usually d with 2ortic but 1t may be
seen radiologrcally when still uncomplicated 1t zhen affords the only
acceptable clinical  evidence
of relatnely early syphilitic
aortits ‘The diagnosis should
be confirmed bv a history of
syphihs or by a positive Veasser
mann or hahn reaction 1n the
blood however for fusiform
aneurysm may result from non
specific medial necross with or
without dissection and shght
dilat:tion of the 2orta may be
due to atherosclerosis and
hypertension A Timging  or
amphoric second heart sound
at the base of the heart may
denote dilatation of the ascend
ng aorta but does not mdicate
its cause Again a suspicious
aortic second sound must be
disregarded f the ascending
aorta 15 seen to be normal in 'k 13 01—Saccular aneurysm of the a cend
stze and shape

The syphilitic aneurysm proper s accular {fig 13 or) and may eccur
m any part of the thoracic aortic particularly n the arch Aneurysm of
the abdominal zorta 1s rare and 1s more often atheromatous 1n origin

Incidence The sex ncidence of saccular aneurysm 1s male to an even
greater degree than other varreties of late syphilis the sex ratio approaching

10 110 their favour (White 1937) This 1s probably due to the greater
stresses smposed on the sortammen It sigmficant that saccular aneurysm
rarely develops when there 1s aortic :ncompetence occurring in little over
10 per cent of such cases (Welty 1939) and that ymptoms due to pressure
from an aneurysm may be relieved by an artificial arteno venous shunt

conditions which reduce the mean aortic pressure

ANEURYSU OF THE ASCENDING AORTA
Aneurysm of the ascending zorta usually causes visible pulsatton or a

conspicuous pulsating tumour to the nght or left of the sternum or 1n the
suprasternal potch Symptoms may be absent or there may be sternal or
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costal pain from pressure erosion Pulsation may be expan 1le and may be
accompanted by a systolic thnll On auscultation a loud systolic bruit 1s
usually heard When mvistble an antenor aneurysm may yet be detected
by percussing a band of parasternal dullness

Partial obstruction of the superior vena cava 1s a common complication
and gives rise to a high venous pressure 1n the head and neck while the
right aurtcular pressure remains
normal The distended jugular
vemns do not pulsate unless the
obstruction 1s slight and may
be readily overlooked A visible
collateral venous circulation
does not necessanly develop
presumably because the bloch 1s
incomplete so that a fair blood
flow 15 mamtained under the
high head of pressure Puffiness
or @dema of the head may
occur and 1 one case of the
author s gravitated to the legs in
the erect posture The diagnosis
may be proved by means of
angocardiography (fig 13 02)
or by passing a venous catheter
and notmng the sudden fall 1n
pressure as the tip shps through
the obstruction

Fig 130 —Angocardiogram showing partial
superior vena cava obstruction due to an Aneurysm of the ascending

aneurvsm aorta may rupture wmto the

[¢:] tv fD F « d )
penicardial or pleural cavities

1nto the pulmonary artery or nto the right auricle

ANEURYSM OI' THE ARCH

The symptoms and 1gns of an aneurysm 1 ths situation are determmed
by pressure on surrounding structures Practically any structure tn or close
to the superior medrastinum may be compressed according to the size and
position of the aneurysm Thus pressure on one or other subelavian artery
may lead to significant differences 1n the pulse and blood pressure in the
two arms a rare complication of this 1s clubbing of the fingers on the
affected stde Pressure on the left branchus causes collapse of the Jeft lung
which may be complete or partial the upper lobe being imvolved more
often than the lower Inflammatory changes may occur distal to the
obstruction  particularly bronch and pull v tut 1 The
left bronchus may be depressed with each pulsation of the aneurysm the
resulting downward pull on the trachea during systole may be readily
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detected at the ericoid cartilage and 1s hnown as a tracheal tug It s best
elicited by standing behind the patient who should be scated and applying
steady upward pressure on the cricord ¢artilage with the up of one fore

finger Pressure on the trachea itself may give mse to an irritating cough

to stridor or to considerable respiratory obstruction pressure on the left
recurrent laryngeal nerve to a brassy cough and paralysis of the left vocal
chord pressure on the & ophagus to dysphagia The phrenic nen e usually
escapes as 1t hes superficiallv but the left sympathetic chain mav be com

pressed with the production of Horner s syndrome homolateral con

traction of the pupil and partial ptosts Severe radiating pamns may be
caused bv pressure on netve roots and the spine may be eroded

ANEURYSM OF THE ABDOVINAL AORTA

Of 1 459aneurysm of the aortacollected from the hiterature by Ungar and
Poppel (1936) only 136 or less than 10 per cent were below the diaphragm

An abdomnal aneurysm u ually presents as a pulsating tumour 1n the
epigastrium over which a systolic thrill and murmur may sometimes be
detected Root pamn associated with vertebral erosion ts not uncommon or
pain may be local A relatively common clinical error 1s to mstake a normal
aorta projected forwards by lordo 1s in thin subjects for an aneurysm

RADIOIOGICAL DIAGNOSIS
Although the ewstence and site of a syphilitic aneurysm may be diag

- s r———_T

.

(@) Aatero postertar + ew

g 13 03—Skiegram showmg sev 1 an urvems of the aortic arch
By ou 5 £S Fh Park )

(b) S cond oblqu po ton



Tig 1305 (a)
Fig 13 o4—Skiagram showing erosion of the
bodies of several dotsal vestebre as the result
of pressure from an aneurysm

Tig 1305 (c)
Fig 1305 (b) :
tlining 2 normal pulmonary artery (2} and aorta (b} 1n 8 case ©
s—hamocard B o el tamour ()
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Fig 139
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nosed chinically with a fair degree of accuracy radiological confirmation
should alwavs be obtaned Aneurysm may be disinguished from other
rounded shadows m the vicimity of the aorta by having four characteristic
features (1) 1t 15 ntimately connected with the aorta (fig 13 03) (2) 1t
becomes opaque with the aorta mn angiocardiograms (3) 1t pulsates
unless 1t ts thrombosed (4) some part of 1ts wall may be calcified (fig
13 03a) Erosion of the bodies of several vertebre (fig 13 04) and
compression of the trachea bronchus or cesophagus may sometimes be
seen Confusmn may nnse ho“eser when a mediastinal tumour exhibits

tr: fsat ! phy 1s advised 1n all doubtful cases

(fig 1305)

COURSE

Many aneurysms remain silent and are discovered acaidentally by radio
graphy others cause much suffering One of the worst features 1s the severe
pam produced by pressure on bone especially the root pain associated with
vertebral erosion This may last for months and be very resistant to treat
ment

‘The prognosis varies greatly but the average duration of hfe 1s little
more than erghteen months from the onset of symptoms (Colt 1926-27)
Cases have been reported however which have survived for fifteen to
thirty years (hauntze 1947) The chief dangers are infection of the lungs
distal to bronchial compression and rupture Aortic aneurysm may rup
ture 1nto the pericard mto the p y artery 1nto the trachea or
bronchus nto the asophagus or mnto the pleura giving nise to hemo
pericard with cardiac p to acute nght ventnicular failure
with signs and symptoms of an acrto pulmonary shunt to dramatic hemo

ptysss to hematemesis or to hemothorax respectively usually with fatal
results

SPECIAL TREATMENT

The object of treatment apart from ant1 syphilitic measures 1s to pro
mote thrombosis and calctfication in the aneurysmal sac or to protect 1t by
means of external fibrosis m order to prevent rupture or further expanston

Bed rest 15 necessary at first while routine ant1 syphilitic treatment 1s
given (page 367) Dunng thos penod a course of calerom lactate 10 grams
(06G)tds withvitarmn D may be added to promote calaification in the
wall of the aneurysm

If pamn 1s not refieved by these measures surgical interference may be
considered The old operation of 1nserting a wire tto the sac m order to
nduce th 1 15 y the risk 1s considerable and effective
clotting cannot be guaranteed Babcock s operation—the creation of an
arter1o venous communication between the carotid and jugular vessels
(Babcoch 1926 1932)—reduces the mean aortic pressure and may reheve
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pan (Ranson 1947) Fhe most promising surgical method however, 1s to
wrap the aneurysm in polythene cellophane this causes an intense fibro
blastic reaction which protects the sac from without prevents further
expanston and relieves pain (Poppe 1948)

AORTIC INCOMPETENCE

Pathology \teakemng of the mesaorta in the region of the sortw valve
leads to dilatation of the aortic ring and to separation of the cusps at their
commussures so that the valie becomes incompetent Granulomatous
tissue may also drve a wedge between the junctions of the cusps The cusps
themselves become rolled and thickened at their free margins and present
a dwarfed stunted appearance There 15 no stenosis and calerfication 1
absent unless there 1s much secondary atherosclerosis Owing to the site of
the lesson which 1s necessanly at the root of the aorta the mouths of the
coronary vessels are often scarred and narrowed indeed they may be
Almost occluded Ischamic fibrosis of the myocardium results

Incidence Syphils accounts for about one third of all cases of aortic
valve disease and for about one half of those in ubjects between the ages
of 40 and 6o (Cowan and Ritchie 1933)

The sex ratio 1n syphilitic aortic incompetence 1s about 3 1 1 favour of
men (Campbell 1932) and 1s thus less remarkable than in aneurysm

Chricaf features Syphilitic aortic icompetence has all the features of
aortic incompetence 1n general (page 293) and some special charactenstics
of its own Only the fatter will be considered here

1 The history of symptoms or of the discovery of the lesion 1s relatnels
recent usually a matter of weeks or months and rarely more than a year or
tho

2 Angina pectori, 1S common occutring sooner or later m about half
the cases

3 Lhe aortic incompetence 1s pure there being no stenosis (unless there
15 secondary atherosclerosis) and therefore no systohic thnll

4 'The mcompetence 15 usually very free so that penpheral vascular
mamfestations are marked

5 The murmur is apt to be toand fro  replacing the heart sounds at
the base and 1s often heatrd better at the aortic area than down the left
barder of the sternum owing to dilatanon of the ascending aorta

6 A basal dustolic thnll 1s suggestne being very rare in other types of
aortic valve disease except when a cusp 1s perforated or ruptured

7 Shugrams may rev eal differences wn the diameter of the aorta at

different pomnts or fusiform aneurvsm (fig 13 06) but an assocrated saccu
lar aneurysm i< rare Irregulanty of the lomen may be seen well 1 angio

grams
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8 Tluoroscopy shows less aortic pul than n equivalent rh
cases owing to the loss of elasucity

9 Calafication of the aortic valve 15 ngmnst syphilis but may occur
when there 1s dary att 1 fi of the d
15 10 favour of syphihs

g 20rta

10 The electrocardiogram more often shows bundle branch block or
various degrees of heart block than 1t does 1n rheumattc aortic mcom
petence but no more so than in caletfic aoruc stenosis The changes are
attributable to 1 chzzmic fibrosis rarely to gummatous lesions

(a) Antero posterior view

(b) Left anter or oblique position
Fig 13 os—Sknagmm of a case of syphilitsc sortic mcompetence show ng fusiform dilata
n of the ascending orta and gross enlargement of the left vent icle

The d may be confirmed by ot other evid of syphihs
as preuously described The F § R 18 more often raised . syphilitic
aortic incompetence than 1n any other vanety of late syphilis including
aneurysm and 1s probably as good a guide to activity as the Wassermann
reaction

Course 'The prognosis 15 bad the average duration of life being about
two years (Campbell 1932) Left ventricular failure develops sooner or
later 1 many cases and congestive heart failure follows The downhull
course differs from that of other forms of aortic incompetence 1n 1ts rapidity

1n the frequency of angina pectoris and mn the relatively high proportion
of sudden deaths (Munck 1946)
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ANGINA PLCTORIS

Pathology It 1s often sad that 2ortic vahe disease may cause angina
pectorss Whilst this 1s true the statement needs amplification  Angina 15
a common complication of all forms of zortic stenosis and of syphulitic
aortic mcompetence but not of other varieties Rheumatic aortic incom
petence for example must be gro s to cause angmna and rarely doesso The
explanation 1s to be found 1n the physiology of the coronary airculation
During systole ventricular contraction prevents blood flowing through
coronary vessels which penetrate left ventricular muscle and large artenes
on the surface dilate to form an elastic reservoir which in recorl dunng
diastole acts as an accessory pump forcing the blood onwards The higher
the systolic pressure the greater the elastic resery oir, provided the coronary
artertes are healthy During ventnicular relaxation blood ts able to flow
through vessels penetrating muscle being propelled by the aortic diastolic
pressure and by the recoil of the elastic reservorr just mentioned Thus the
coronary flow depends upon both systolic and diastolic pressures 1e upon
the mean pressure

Now tn aortic stenosts the mean blood pressure s often low but 1
aortic incompetence although the diastolic pressure may be 40 or 50 mm
of mercury the systolic pressure 1s commonly ratsed and the mean pressure
adequate Syphiliic aortic incompetence causes angina pectons because
there 15 associated stenosts of the mouths of the coronary arteries 1f sypht
hitie aortitis produces sufficient damage in the region of the aortic cusps to
cause aortic incompetence 1t 15 unusual for the mouths of the coronary
vessels to rematn unscathed Conversely 1f the mouths of the coronary
vessels are so stenosed as to cause angima pectons it1s practically impossible
for the root of the aorta to remamn healthy Thus syphilitic angtna 1s rare
without aortic incompetence

Climeal features Syphilitic angina has certamn charactenistics which help
to distinguish 1t from other types (1) the attachs tend to be of longer
duration (2) they are more often nocturnal although the ordinary relation
ship to effort holds good (3)they areles oftenrelieved by trnitrin Coronary
th bosis 15 a rare 1 because 1sct 15 due to stenosis of
the coronary ostia and not to changes mn the coronary vessels themselves
Myocardial mfarction howeser may occur without coronary thrombosts
especially when the effect of gross occlusion of the mouths of the coronary
vessels 1s exaggerated by a drop 1n blood pressure from some other cause
such as surgical shoch Ischeemua of the least nounished part of the myo
cardium may then be so pronounced as to cause necross even so cardiac
infarction 18 uncommon

Course The progno 1s 1s bad patients rarcly living more than two years
Status angnosus may develop before the end or nocturnal angina may
prove troublesome When heart fatlure develops angina may disappear 1t
1 not clear why this should be so but 1t may depend upon changes 11
tissue metabolism
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Spectal treatment ‘The ordinary method of treating angina pectons are
applicable to the syphilitic type although the results are poor Antr sypht
litric measures should not be withheld but arsenic must be given with
special care Bed rest 1s particularly important during the first six neehs of
treatment and 1s essentral duning the first course of pemcillin or arsenic

HEART BLOCh
True syphilitic heart block 1s very rare and depends upon nterruption
of the bundle of His by gummatous tissue On the other hand heart block
resulting from mterference with the conducting tissue by ischemic fibrosts
due to stenosts of the coronary ostia 1s not uncommon and kke angina
pectonis and for the same reason 1s nearly always associated with aortic
The former responds to 10dine therapy the latter of course

does not

TREATMENT OF SYPHILITIC AORTITIS

Syphthitic aortiss should be fully treated with antr syphihtic drug
whether uncomplicated or otherwise Clearly past damage cannot be
reparred but further activity can be prevented The objective 1s to secure
a negatve Wassermann reaction and 2 normal sedimentation rate

The patient should be put to bed for six weeks dunng which period he
should receive potasstum 1odide 10 grams (06 G ) tds preferably with
hq hydrarg perchlor 60 miums (4 ml} Gummatous tissue resolves
quickly with this treatment and the danger of a severe Her<heimer reaction
13 lessened  After three to four weeks of treatment with todides a minimum
of 2 4 million units of pemicillin may be given over a period of 10 days 1
drvaded doses of 30000 umits three hourly ‘The course may well be
modified 1n the light of experience but the total dose should not be less
Reactions are rare whether the mnitial dose 15 1 000 or 100 000 umIts
{Moore 1947)

Shortly after completing the perucillin course the patient may be allowed
up lodide and mercury are then discontinued and treatment with bismuth
should be d I 1 oforG ofb b twice
weehly for src weeks followed by 0 2 G weekly for the next six weeks are
advised

The patient 15 then put back to bed and arsenic 1s grven intravenously
begmning with 015 G of NAB and contmung with03 G 045 G
and 06 G at weekly intervals the last dose being repeated until a total of
4 5 G 1sreached If there 1s no untoward reaction after the first two 0 6 G

doses of NA B the patient may be allowed up agan The development
or aggravation of angina pectoris or heart faifure are major dangers but
both are unbkely and when they do occur cannot always be attnibuted to

the treatment Nevertheless arsenic should be abandoned should they
occur
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The regime described constitutes one camplete course of treatment and
lasts st meonths ‘The sstuation should then be reviewed, particular atten
tion being pard to the Wassermann reaction and the LS R If both are
normal treatment may be discontinued for six months but if either suggest
persistent aciity  the whole procedure with certain modtfications should
be repeated without delay Bed rest 15 no langer necessary unless con
gestive fmlure angina pectons or other comphications demands it and
bismostb may be priven mmdosesof 62 G and NA B mdasesof 06 G
from the first mection

Twe complete courses are strongly advised m all cases with an snterval
of 1x months or consecutnely A third or fourth course should be ghen
without hesitation f there 1s any further evidence of actiity

It 1s repeated for emphasis that neither aneurysm angina pectons nor
heart faslure contramndicate pemiciihin or arsemicals provided small dases
are employed mtally for the Herxheimer reaction 1s rare Thus pheno
menon consists of a local tssue reaction which may cause swelling and
occlusion of the coronary ostia with disastrous results even where there
s no dramatc iff effect the patient may slip downhdf with increasing
angina or heart falure

Statistics have shown that the effect of full ann syphilitic measures before
the ntreduction of pemoithn was to smprove the merage life expectancy
from eighteen months to two years (Padget and Doore 1935) It may be
argued that the wncreased care and enforced rest sshich are a necessary
corollary of this form of tr mught alse 1npi the prog; by s
simlar amount and there ts something to be satd for the view that there
sz hittle point in attempting to extirpate the spyrochmte once heart fadure
or anprna pectons has deseloped for 1t 15 then probably oo late However
1n the hight of present knawledge 1 1s wiser 1o gne full treatment to all
cases Whether pemalhn therapy will fusther inerease hfe expectaney

Temams to be seen

Comphcations should be treated as they anse and by the customary
metheds It 15 wise to asosd arsente and probably pemalhn 1n cases of
heart fadure or angina decubims untl these have been satsfactonly
controfled
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CHAPTER XIV
ISCHEMIC HEART DISEASE

DLTINITION
O CCLUSIVE disease of the coronary artenes of sufficrent degree to
fd 4

present the coronary 1 meeting the physiol

of the heart 1s best deseribed as sschaemic heart disease Itis charae
terised climeally by angmna pectoris and cardac mnfarction pathologically
by occlusive coronary att 1 with or without thrombosts and by
focal sschaemic myocardial necrosis and fibrosss

INCIDENCL

Gecl coronary ath 1 1s responsible for about 20 to 25 per
cent of all types of prgamc heart disease and for about 8o per cent of all
sudden cardiac deaths (Munck 1946) moreover it appears ta be mereasing
raprdly thus the number of cases dying fram coronary disease i England
per rilhon persons hving was 48 m 1926 148 1 1930 and 473 1 1939
{Cassidy 1946} The g age of the popul 15 no doubt partly
responsible thus the aitizens of anaent Rame m their halcyon days had
an average life span of twenty to thiety years and the followmg table shows
the ncren ed average life span m the US A from 1879 to 1944 (Master

1947}

1879~1899 34 years

19111912 46 63 years
1919~1920 51 14 years
1930 57 36 years
1944 64 40 years

These remarhable figures are chiefly due to the successful war aganst
mfections and parasitic diseases and to the saving of hfe by surgical means
Another factor that must be taken into account 1s the attitude of medical
practitioners who m 1926 had scarcely heard of coronary thrombosis
whereas now they are apt to dtagnose 1t more frequently than it exi 35 ¥t
should be remembered that coronary thrombosts was not recogmsed as 2
chateal entity untal its classic descriptien by Herrsch in 1912 and was not
widely appreciated 1n England unti} populanised by McNee 1n 1925

Sev Of Heberden s 100 cases of angina only three were women (Heber
den 1802) DMost mnsestigators give the general sex sato as 4 1 1n fasous
of men but under the age of 50 it 18 § 1 (Hedley 1939) and under the
age of 40 male predommnance 1s overshelming in fact angena m women

under 4015 nearly always due to some other etiological agent such as hy per
370
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tenston aortic stenosis syphilitic aortitis anzrma myxedema diabetes
mellitus xanthomatosis or paroxysmal rhythm change Between the ages
of 60 and 70 however about one third of the cases are women and over
the age of 70 the sex incidence 18 equal (Gordon Bland and White 1939)

Age Of 1 000 cases seen personally by Cassidy (1946) 70 per cent were
between 50 and 70 years of age of the men 14 6 per cent were between
40 and 50 3 2 per cent between 30 and 40 and 0 2, per cent were under
30 These figures are in harmony with common experience except perhaps
with regard to the incidence 1n young men for many such cases were seen
1n the Services during the second world war (Newman 1946 Poe 1947)
The peak age of death 1s 60 (Hedley 1939)

Habuts and occupation There 1s a general impression that the mcidence
of 1schemic heart disease 1s particularly high amongst profes 1onal men
and 1s related to the stress of modern urban life There 15 said to be little
to support this view (Master 1947) but some figures pubhished by Hedley

1 are
(1939) are wnteresting Deaths from coronary

Occupation occluston per 100 000
Professional 154
Managers and officials 140
Clerks and salesmen 128
Slalled and unskilled workers 107

The author however, ascribed the difference 1n these figures to more
accurate certification 1n those earning larger ncomes

Nevertheless the cbstinate behef that angma pectons 1s a doctor s
disease persists and has at last been justified by starthng figures published by
Ryle and Russell (1949) These workers who are especially well qualified
to siit and present evidence of the kind required divided the socsal strata
of England and Wales 1nto five classes and found that the standardssed
mortality ratto (S M R } from 1schzemic heart disease 1n soctal class I (pro
fesstonal workers) was twice that 1n social class III (skilled artsans) and
three times that mn class V (unskilled workers) Their table giving the
actual occupations w.th the four highest and four lowest standard mortality
ratios ends the debate on this previously vexed question and once again

h the fact that exp d opinion should not be too readily cast

astde because of 1ll founded statistical evidence to the contrary Physicrans
and surgeons head the hist with an S M R of 368 propnetors of wholesale
business came second with an S MR of 235 the legal profession third
(227) and the Church fourth (218) At the other extreme we have workers
1 chemical processes withan S M R of only 20 agricultural labourers 32
stone muners and quarriers 38 and coal muners engaged m other work 40

There 1s no evidence that erther alcohol (Wilens 1047) or tobacco
(Cassidy 1946) 15 responsible for the hugh male maidence or has any per
manent influence on the course of the disease although heavy dninking or
smoking may provoke attacks of angina
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PATHOGINLSIS
Ivchzmuc heart diseave 15 due to occlusive coronary atherosclerosis with
or without secondary submtmal hxmorrhage or thrombosts Angint pec
taris caused by syphilitic aortitis wortic stenosts sciereanznua paroxystaal

Fig 1401 { }—Skiagram of the heart m & case of veclusie caronary athero
sclerasis the coronary vessels have been imjected with a radio opaque gel

tachveardia and the hhe and coronary occluston resulting from anguts,
cmbolism traums dissecting aneurysm and other rarities are conaidered

eleewhere ¢
"I he cause of human atheroma remains unhnown, despite a great deaf of
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worh on the subject (Cowdry 1933) Lipaid substances accumulate 1n the
1ntima of the aorta and larger arteries 1n a patchy wrregular fashion causing
a vanable degree of pressure atrophy of the underlying media and some
times encroaching on the lumen of the vessel (fig 14 01)

Fig 1401 {b)—Norm 1 control fo

ompar on

The Itpoid nature of the deposits therr relatively frequent associatton
with diabetes mellitus and hypercholesterolzma and their easy repro
duction m rabbuts by cholesterol feeding (Leary 1934) suggest some
relationship to fat metabolism The manner in which Itpoid laden macro
phages (lipophages) swept to the side of the blood stream owng to their
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light weight, may penetrate the mtima has been recently described by
Gordon (1947} hypertension facilstates the process

The degree of narrowang of an atherosclerotsc coronary artery cannot be

1 d by s apr at necropsy for in fe the blood

pressure tends to tron out the excrescences and mamtan a smooth mtimal
surface and full lumen {Harnson and Wood 1949)

Although the ntima and early atherorna are avascular advanced lessons
develop a blood supply from the vasa vasoram (Leary 1938} and sub
mtimal hemorrhage may then occur causing sudden occlusion of the
vessel (Paterson 1936 1939 1941 Wartman 1938) such accidents how
ever are rare and account for only about I per cent of cases of sudden

caranary acclusion
1

& A4 ath )

on of may comvert the
coranary artenies mto bony tubes as m the classical example of John
Hunter {1796} Lrosion or ulceration of atheromatous lestons forms an

Hent nidus for dary thromb Ths 15 the cause of
acute coronary obstructson Organisation of such thrombr leads to micro
scopical app symular to ath ! lesions mdeed 1t has even

been suggested that atheromta may represent nothing more than ntra
vascular clottmg {Dugurd 1946)

ANGINA PECTORIS

Fhystology Angina pectonis and its close relative the pamn of intermuttent
claudication are beheved to be due to certan metabolites that are formed
s schemie working muscle {Lewss 1934} Whatever the precise explans
uon for the development of pan there can be no doubt that attacks depend
upon relatsve myocardal ischema an sdea first enunciated by Parry {1799}
‘The term agina pectonss 18 customartly applied to transient patn oply and
refers to 1schaemic attacks provoked by temporary stress during which the

bolic d ds of the myocardum are beyond the capaosty of the
coronary crculation

Such a situation may anise during effort (1) of the coronary vessels ac¢
more or less occluded erther at their mouths as 1n syphulitic 2orutss (page
366) or dunng thesr course as in atherosclerons vanous forms of angutis
and embohsm (2} +f the coronary flow 1s dimtnushed by other means such
a8 aortic stenosis (page 300) gross aortic mncompetence or congenstal
anomaly (3} #f the blood rtself carrses insufficient avarlable oxygen as
anerma or at high alatudes or (4) if the regular work of the heart s
snereased by such conditions as hypertension aortic valve disease thyro
£OX1C0SE3 OF ANTMA

Although only angina pectons resulting from coronary atherosclerosis
concerns us here the other factors mentioned often play a contributory
1ole thus snzmmua may precipitate anging mn a case of previously silent
coronary disease not only because of the limsted oxygen supply butal o
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because the work of the heart 1s increased 1n order to mamtamn a high
cardiac output Hypertension 1s particularly important in so far as 1t
mereases the work of the heart and contnbutes to the development of
atheroma on the other hand 1t tends to ron out the plaques and so may
prevent coronary narrowmg in fact most cases of hypertensive heart
disease have dilated coronary arteries (fig 15 09) (Harnson and Wood
1949) Climically although more than half of all cases of 1schzmic heart
disease have blood pressures above 160/100 mm Hg (Cassidy 1946)
systolic pressures over 200 mm Hg are rare (Riseman and Brown 1937)

CLINICAL FEATURES

Angna 1s but a symptom and may be distinguished from other paims 1n
the upper half of the body by a careful analysis of 1ts qualitres and be
haviour

Stte The pain 13 central mud sternal and tends to radiate bilaterally
across or round the chest into
the stdes of the neck and jaws
or even into the face or nose
mto the shoulders and down
the 1nner or outer sides of the
arms sometimes as far as the
httle fingers or thumbs occa
sionally through to the back
between the shoulder blades
(fig 1402) This full dis
tnbution was expertenced by
John Hunter (1796) It 1s not
sttuated 1n the left breast area
although 1t may be rather to
the left of the sternum than in
the mud Iine a localised left
inframmary pain 1s never agina
Radiation may be umtlateral
and 1 3 true that the left sde *® i i s e e
then suffers more often than

the right but 1t must not be thought that spread down the left arm 18
either especially typical or diagnostic for ilateral spread 1s more typical
and many other pamns may radiate down the left arm cluding left
nframmary pamn Although centrifugal spread 1s the rule radiation 1s
occasionally centripetal the pain starting in the wrists upper arms or face
and spreading thence to the chest Pain may even be confined to one of the

points of radiation eg to the face back or wrist not being felt m the
front of the chest at all

Character Angina pectorns ss classically constricting squeezing pressing

or crushing 1t 1s sometimes stinging or burning 1t
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cannat be described adequately by the patreat It 1s not shacp shooting or
stabbing which are the usual adsectss es apphed to left inframmary pan An
inportant charactenistic 15 1ts constaney the pan being steady while st lasts
apart from nstsal waang and final wamng no pam which 1s momentary or
sshich repeats stself 1n a succession of jabs or hnife Iihe thrusts 1s angna

Duration Attacks are measured in mmutes usually they last tvo or
three minutes occastonally five ar ten they are not momentary nor do
they continue for hours and any pam which behaves 1n esther of these
ways 1s not angna pectorts {as defined above)

Provocation Angina s charactenstically produced by any effort that

the bohc d ds of the myosardiom beyond the capacity

of the caronary circulation and patents often hnow or learn the precise
amount of effort necessary to provoke paun When the cntcal pomt i
reached the patient usually feels compelied ro stop whatever he ys doing
and to stand stidl unal the pam passes off Attacks are brought on especrally
by walling uphill or agamnst the wind by hurrying after meals or by any
unaccustomed exercise les so by manual work to winch the subject 1
tramned Pamn may also be mduced by emotion of a hand that rases the
blaod pressure or mcreases the cardiac output but this 15 perhaps less
typical emotionally produced patn being more often mnocent and asso
crated with anviety states In advanced cases pam 1s provohed by lymg
down (angina decubitus) or stooping tending to oceur when the patent
first gets mto bed at mght or waking him from sleep 1t may then depend
upon the nse m cardia¢ output which follows change of posture from
vertical to horizontal or upon anxsety dreams

Pamn that ocours after effort but not duning wt or that 1s provohed by
{ying on the left stde or by the adoption of som  partscular posture {other
than stooping or lymg) ® not angma these featitres are charactersstic of
left inframmary pamn

DIAGNOSES OF ANGINA

If a pain conforms 1n stte quahty duratsion and relation ta cardiac work
to the features mentioned above it 1s angina pectonis and the dhagnoses
miust stand under any conditions except mahng nng The diagno 55 should
stand lhewise when pam conforms to the required features wn three out of
the four respects mentioned provided it 15 not untenable m the fourth
For example if a constricting pmn brought on only by exertion and lastng
but two or three minutes 15 localised 1n the left inframmary area 1t ts not
angina for the site makes the diagnosts untenable even though it conforms
1mi the other three respects O the other hand if the same pamn 15 sstuated
between the sternum and the left breast it 15 almost certanly angina
because ths site though atypical s not contradictory Agan a midsternal
pressing pan brought on only by effort but lasting fifteen rmnutes 1> pro
bably angina for the long duration though unusual 15 not altegether con
fheung but should 1t Fast two hours 1t 1s not anging as defined above
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It 1s som~times said that certain associated symptom  such as breathless
ness dizziness or fantness flushing sweating weakness and a feeling of
impending death help to confirm the diagno 1s It cannot be stressed too
strongly that these symptoms carry hittle weight for they are vasomotor in
ongmn and although they may be provoked by an attack of angina they are
m no way charactenistic of 1t and are much commoner m the anvety
states

‘The differential diagno 1s mcludes anxiety states functional disorder or
organic disease 1nvolving the dorsal spinal higaments cesophageal or gastric
spasm or dtstension diaphragmanc hermia and conditions causing respira
tory distress

Anxiety states with I~ft inframammary pain present no diagnostic diffi
cuity but when paimn 1s parasternal or even central 1t may be very con
fu ing The patients are usually women near the menopause and they may
describe a central pain radiating to the throat jaws and arms during or
after effort when reaching up to a high shelf when washing or using their
arms 1n other ways and sometimes when emotionally upset As noted by
Cassidy (1946) the attacks are apt to be widely spaced unrestricted effort
causing no distress between them Complete mvestigations may reveal
nothing significant in any system and the nature of the attacks remans
obscure Angina can only be excluded and then with some uncertainty by

b g a normal el cardiogram during sp or mnduced pain

Referred pain from the dorsal spinal ligaments may be felt across the front
of the chest as in the expertm ntal work of Lewis and hellgren (1939)
Attacks may be related to posture or reproduced by spinal movements or
pressure over the mterspinous ligaments from D24

Esophageal spasm miy cause central chest pan radiating down both
arms and tight or bursting :n quality There s no close relationship to

effort and bouts may be periodic like any other gut cohie The dragnosis
miy be proved by demonstrating cesophageal spasm by means of fluoro

scopy and by ob g anormal el d dunngattack (Wolferth
and Edetken 1942)

Draphragmatic hernia may cause pamn on effort similar to angina pectorss
but 1t 15 usually more closely related to meals and there may be associated
vomiting and belching Severe attacks may be mrstaken for cardiac infarc
tion The diagnosis 1s made by means of a barium meal fluoroscopy betng
carned out with the patient tilted head down (Dwyer 1937)

Relief of pain by belchung 1 any disorder of the wsophagus or stomach
15 less helpful in distinguishing such condittons from angina pectors than
might be supposed for 1schamic pain may be stmilarly relieved n about
10 per cent of cases {Riseman and Brown 1937)

Bronchial asthma o extreme dyspneea from any cause may be associated
with a feeling of substernal ightness that should not be confused with

angina pectons for breathlessness 1s not a feature of transient myocardial
wchemia
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PHYSICAL EXAMINATION

Having made the d on tustarteal g ds the patient should be
examined with 3 view to ascertamng the cause of the ischema lortic
salve disease and severe anemia should be recogrused by therr charactenste
features the presence of obesity or of hypertensson noted the mental state
of the patient assessed and attention should be pad to any other factor
which may have any beaning on the frequency or sevenity of attacks In this
respect diabetes meilitus and polycythemia must be borne m rund In
the majonity of cases howerer there are no physical signs the rhythm s
normal the heart 1s not entarged there are no murmurs and there 1s no
evidence of congestive fulure the peripherat and fundal artenes and the
blood pressure may provide no evidence of general vascular disease fluoro
scopy shows a heart shadow normal in size shape and pulsation and the
electrocardiogram may be normal at rest It 1s repeated for emphasis that
this apparent normality of the cardiovascular system 1s typical of pure
angmna pectons due to coronary atherosclerosis and that with few excep
tions physical signs radiological changes or electrocardiographic abnor
mahties are due to complications or assocated disease €ven the demon
stration of peripheral atherosclerosis proves litle for 1t 15 common enough
witheut serious myvoh ement of the coronary vessels and 1s often missing
with idvanced coronary d1 ease

SPECIAL TFSTS

Maost of the spectal tests are of hittle help for the circulation 1s usually
normal at rest Ffiort tolerance tests based on the behaviour of the pulse
rate and venous pressure are of no value Reproduction of pan by pre
scribed effort for purposes of accurate analysis 1s sometimes useful with 2
bad witness or pmn may be induced 1o ascertan the prophslactc or cure
e effect of tmminn The only relinble test however 1s to obtaa «n
electrocardiog: dhately after oy effort, when charac
tenstic depression of the RS T segment with or without msersion of
the U wave chinches the diagno s (g 14 03) The best method 1 10
make the panent exerar ¢ untit he 18 1 pan 1f he stops on account of
fangue or breathlessness without developmng pamn angima 1s unhhely
especrally 1f the electrocardiogram remains normal In the author s exper:
ence very few {less than 1o per cent) electrocardiagrams remamn normal
during or wnmediately after an attack of true angma or after suffictent
effort to cause breathlessness and fatigue (in 1schame subjeuts) 1 he other
method 15 to tahe senal electrocardiograms while the patient breathes 10
per cent oxygen for twenty minutes or for a shorter time if patn 1s pro
duerd As depression of the RS T segment occurs w normal subjects ssith
this test a positive result 15 only accepted if the depression exceeds 2 5
mm i any lead or if the T wave becomes nverted 1 left sentncular
surface Jeads or thewr counterpants (Tews et al 1938 1939 1941) The
test 15 powtnne i 3 o 5 per cent of narmat controls (Btorck 1946




IR o renp Ty
AT LT

A \'%‘_ N
2 ﬁ]‘&‘l%
1

i

JOE N T QRN M
i N /
: NS
k] .«:L. g Ly E::L-‘J—i
b Vv

¥
(2) ANGINA PECTORIS NO PAIN AT REST

i P f
e EiTF. !
£ o A
i PN E

{b) AFTER EFFORT NO PAIN

Fig 14 03—Electrocardiogram (a) before and (b) after exertion suffic nt to cause breath

Tessness and fatigue 114 case sub; ct to attacks of angina pectonss the cont ol record (2)
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practically all le ds
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Wemtraub and Bishop 1947} m 15 to 20 per cent of cases of doubtful
angina, and tn 50 to 35 por cent of cases of undisputed angina (Levy et af
1941 Biorek, 1946) In the apinon of the writer this test 1 less useful
than the effort test betng, mare difficult to carry out more difficult to
mterpret more dangeroas and far less frequently po itne

COURSE

‘The anset of angina pectonss 15 more often sudden than gradual and 1s

usually due to a small coronary thrombosis sufficient te cause cardisc
wnfarcton The patient mav s3y he was capable of chmbing mountans 2
week ago yet now he can scarcelv walk 100 yards Less commonly pam s
first expenenced dunng unusually heavy exertion and gradually becomes
more eastly provohed This repres the slow deselop of occlusive
atherosclerosis

The subseqt €1t course 15 apt to be punctuated by short periods of rela
uvely sudden deterioration followed by long periods of gradual improve
ment these episodes signtfy thromb 1 of a medmum sized
coronary artery followed by the development of a collateral circulanon
{Schlesinger 1938) and perhaps by recanalisanon

Soaoner or later in the majonity of cases thrombosis occludes ane of the
main coronary artertes and cardac infarction results but a majoer throm
bosis mav occur without wafarction mfarction may occur without throm
bosss and ventnicular fibnillation may termunate the iliness an the absence
aof both {(Appelbaum and Nicolson 19,5 Nathanson rg36)

Angina may cause tatal mcapacity 1 really severe cases and may finally
ocCur at rest (status angtnosus or acute coronary msufficiency)

Some cases severe or otherwise smprote after cardiac infarction others
lo ¢ thewr pan on developing congestne heart farlure 1t 1s not clear why
this should be so but the explanation may be related to the fact that Irgation
of the coronary vemn appears to improve the coronary circulation {Bech and
NMako 1941)

PROGNOSIS

The average hife expectancy trom the onset of angina pectons 1s nine 10
ten years (White Bland and \iskall 1943} about 1o per cent ine well migh
tunenty vears e g Joha Hunter 1773~93 Sir James NMackenzie 1907-25
Sir Thomas Eews, 19274, Women have a better prognosis than men,
and subjects over 4o years of age at the onset fare better than those under
4o (Parker et al  1936) Cardiac mfarcuion hypertension enlargement of
the heart changes of thythm bundle branch hlock and other electrocardio
graphic abormalities (at rest) all mfluence the prognosis adversely (Mont
gomery, Dry and Gage 1947)

TREATMENT
Consereatree 'The majonty of patients with uncomplicated angina of
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mild or moderate seventy are able to carry out sedentary or light manual
worh Any mental or physical activaty that increases the frequency of
attacks or that causes pain directly should be avoided whilst adequate rest
and relaxation should be assured Diet should be hight and its fat content
low although hvpercholesterolemta 1s difficult to influence by such means
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Fg 1404—Craph showing close correlation between the height of the blood pressure

and the degree or extent of pain dur ng an attack of an_, na pectons treated with trm tnn

Smoking should be given up 1f 1t 1s found to contribute to the frequency
of attacks Alcohol 1n moderation 1s not harmful in fact as a vasodilator
1t may be beneficial Contributory factors such as hypertension obestty
anzmia duabetes mellitus and anuiety should be corrected as far as
possible

Trntnn 1/100 to 1/120 of a grain {0 5 mg) mtroduced by Murrell
m 1879 may be carned and shpped under the tongue as required either
to relieve an attack or before some unavoidable effort which might induce
one Trinutrin 1s absorbed quuckly through the oral mucosa and acts as a
coronary vasodilator relieving, pan without necessarily altering the blood
pressure (Wayne and Laplace 1933-34) but if the blood pressure 15
lowered as well so much the better (fig 14 04) Ischzmic S T depresston
n the electrocardiogram 1s corrected quickly (fig 14 05)

Amyl mtnte 5 mmms (o 3 ml) 1s also effectnve but less consensent
(fig 1406) a capsule may be broken i a handherchief and inhaled the
nose of the procedure the pungent smell of the vapour and the
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ANGINA PECTORIS
PSR AL
T YRk

4 10 secs
Y
i

vivid facial flush that accom
panies 1ts use, are apt to
embarrass the patient 1n public
Amyl nitrite 15 a powerful
coronary difator for rehef of
pan 1s associated with con

derable tachycardia and with

t of the

cardac output Much interest
1s also attached to the frequent
paradowical  effect of amyl
nitrite on the  electrocardio
gram for the depresston of
the ST segment that occurs
during an attack of angma and
which 1s attributed to subendo
cardial myocardial 1schema
often becomes further depres
sed when the drug 15 inhaled
and pasn passes off (fig 14 07)

1t 1s doubtful whether any of
the drugs used as longer acting
caronary sasoddators are of
much value (Master Jaffe and
Dack 1939) Aminophjllmehas
the best reputation and 1s em
ployed widely 1n doses of o 1 to
oz G tds It 1s difficult N:
d T s1o]

AFTER TRINITRIN

14 65—Graph ilustrating rapid correction
f;g.scﬁmfuc ‘depression of the § T segment 1n
fead V3 1n 2 patient with angina pectoris by

‘means of tnmimn

rate a y
eﬁect\u!hsuchdosgs but severe
angina may be reheved by 0 3 G
four hourly if the patient can
tolerate 1t Epigastric pamn and
nausea usually prohubit larger
doses

Recent reports have claimed
that khellin an extract from the
seeds of an Lastern Mediter
ranean wild plant amm: vrsnaga
15 an effective coronary vasodil
ator with a prolonged action
"The dose1s soo mg by mouth
three times daly Angtna pec
toris 1s saud to be releved n 74
per cent of cases (Ansep ¢f &l



I

T

AFTER AMYL NITRITE
Fig 14 o6—E)
4 of lectrocardiogram dur ng anl attack of myocardial 1 chemia treated with
5 anslntcte
xpected re ponse showmg p ompt correct on of the depressed S T segment
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have been envolved n recent vears Few have gamed much support but
there 1 something to be said i favour of abohishing pan by means of
sensory denervation of the heart achieved by meaus of sectton of the upper
four dorsal spmnal nerve roots or by atellate and upper dorsal ganghon
ectomy (White Garrey and Athins 1973} Destruction of the gangha by
means of alcoholic injection 15 fess certain and mas cause intractable root
pan in about 10 per cent of cases Despite the theoretical argument that
ganghionectomy mav remove nature s warning signat and so allow patients
to exercise themselves beyond the lumts of safety there 15 no doubt that
some ca es do remarkably well (White and Bland, 1943) Sensory denersa
tion of the heart does not entirely abolish the subjective recognution of an
angwal attick although the sensation expenenced ss not punful There ts
good reason to behieve also that sympathectomy tends to prevent ventn
cular fibnilauon (Lenche ¢t of 1931 McEachern 1940} and seems to
unprove the coronary arculation either by preventing reflex spasm (I evy
and Moore 1941) or by causing coronary vasodstatation (hatz and Jochim
1a,9)

A more drastic surgwal procedurs s at improving the coronary cir
culation by supplung 1t with a new source of collateral vessels The 1dea
was based on necropsy obsenvanons which showed that the heart mught
function remarkably well despste almost complete coronarv occlusion «f for
some reason an adequate collateral asrculation had developed through the
penicardium These natural results of acaident and disease have been mat
shalled and developed by Claud Bech (1935-36) 1n the US A and bt
O Shaugnessy (1936-37) in England Bec} sutured a flap of pectoral musde
10 the surface of the heart O Shaugnessy preferred cardio omentopexy
the omentum beng, brought up through the diaphragm and stitched of
tlued on to the surface of the heart after scartheation Vy hlst cxpcnmcn(ll
evidence affords convinaing proof of the establi-hment of a collateral esr
culation by such means the results obtawned i chinicat cases of schemic
heart disease scarcely justify the risk entaled

A sumpler means of achiesing the same object 15 to introduce bone dust
o the pencardiat sac when the perardial reaction substdes vascular
adhesions offer a collateral source of blood supply to the myocardm
(kang 1941) This method deserves further tral

CARDIAC INFARCTION

Mjocardral infarction occurs when a mass of heart muscle 1s sufficiently
deprised of tts blood supply for an adequate time The commen cause of
such an event 15 coronary thrombasis but coronary embolism rupture of
an ath plaque sub ! hzmorrhage tn an atherosclerotic
yessel dussection and eritical fow enng of the blood pressure as from shock
or hezmorrhage I a patient with occlusive coronary atherosclerasts of
syphilitic aortis miy each produce 1t Agan coronary thrombose- does
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not cause myocardial infarction if the collateral crrculation 1s sufficrent to
presenve the life of the threatened tissue It follows that corenary throm
bosts 1nd myocardral infarction are not synonymous terms and should not
be confused the former means no more than its literal sense implies the
latter means death of a localised mass of heart muscle
Aratomy of the coronary crculation 1he site and extent of the infarct
depend upon the vesstl or vessels occluded upon the capacity and efficiency
of collateral channels and upon the anatomy of the coronary circulation
There are two main coronary arteries left and right The left divides
carly snto an anterior descending branch and into a left circumflex the
large anterior descending branch runs down the interventricular groove to
the apex of the heart and nounishes the antenor part of the night ventricle
the intenventricular septum and the anterior and apreal part of the left
ventricle the smaller left circumflex curls round to the back between the
left auricle and ventricle and supplies the upper lateral and postertor basal
portion of the left ventricle The right coronary artery does not divide but
runs round to the back between the nght auricle and ventrnicle sending
branches to the region of the sinus node to the antertor part of the night
ventricle and to the posterior base of both ventricles There 1s a consider
able degree of anastomoss between the terminal branches of these vessels
an anastornosts that ncreases rapidly when the blood supply to any area
1s threatened (Prinzmetal ef ol 1947) The right ventricle supplied as 1t 1s
by the two biggest coronary arteries and offering little resistance to systolic
coronary blood flow 1s rarely the seat of infarction The upper and lateral
part of the left ventricle 15 supplied by provuimal branches. from both
antertor descending and left circumflex vessels and 1s therefore relatively
safe The postenor basal region 1s less secure for 1t 1s supplied only by
terminal branches some from the right coronarv arters and some from the
left aircumfiex In hasing this double source of nounishment however 1t
1s sull more fortunate than the antertor apex of the left ventricle which 1
fed almost entirely by termunal ramt from the anterior descending branch
of the left coronary arterv although anastomotic channels can develop
rapidly from the posterior descending branch of the right coronary artery
The mnterventnicular septam 15 supplied anterorly by perforating branches
from the anterior descending coronary artery and posteriorly by per
forating branches from the right Anast are more P 1n the
superficial layers of the myocardum than 1 the mner layers (Prinzmetal
et al 1948) they are also at physiological disadvantage when near the
endocardium because they are subjected to a higher intramyocardial
pressure (Johnson et al 1930)

Site of thrombosis and infarction Chnically major coronary thrombosis
mvolses the anterior descending branch of the left coronary artery tn 66
to 75 per cent of cases the night coronary artery in 25 to 40 per cent and
the left circumflex in 5 to 33 per cent (Barnes and Ball 1932 Appelbaum
and Nicobon 1935 Munck 1946) thrombosis of the left mam trunk 1s
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relatnely rare These figures are conservatve for careful study of the
whole coronary tree by means of radio opague myections reveals muluple
thromboses 1n the majority of instances

The refative madence of the various sites of infarction harmomises with
the anatormeal and phystological data and with the sites of thromboesis In
a3 recent analyws of 160 cases Wartman and Hellerstein (1946) found chiefly
antertor infarction n 72 per cent and chiefly postertor in 29 per cent but
there were multiple infarcts m 41 per cent Half the antenjor mfarcts and
a quarter of the postenior infarets also involved the interventricular septum
Right ventricular nfarction rarely occurs alane but 1t may complicate
anteroseptal nfarchion of the left ventricle

Combining, figures published by Appelbaum and Nicolson (1935)

Nathanson (1936) Clawson (1939) and Munck (1946) 1t ss found that
coronary thrombosts accurs without cardiac infarction m .o per cent of
cases and that cardiac wfarction occurs wathout coronary theombous i
29 per cent 3n the latter group atherosclerotie occluston may be complete
or incomplete

Pathology A cardiac tnfarct may be difficult to dwtinguish with the
nahed eye when le s than tuenty four hours old micro copically howeter,
acute necrosts of the muscle fibres may be recogmsed by therr swollen
appeasance 1nd by the loss of their nucler and stmations When a few days
old an mfarct 1s discoloured and may be surrounded by a red zone of
hamorrhage or congestion Microscopicaily the necrased muscle 1s seen o
be mvaded by polymorphs Dlder infarcts are yellowssh white m colour and
Tepre ent sLar tsue

When necrosis mvolves the nner layers of the myocardwm  mural
thrombr frequently form against the damaged endocardmum 1 faut they
are found 1 40 to 50 per cent of alt cases {Hellersten and Martin x947)
1 otal pencarditis aceurs over superficial necrosis and has been reported
m 30 to 75 per cent of all cases (Wartman and Hellerstem 1948
Stewart and Turner 1938) diffuse pericarditss develops 1t about 1o per
cent

Msocardal soft g (myomal cordis) may result i rupture of the
heart (5 to 1y per cent) or in the formation of a cardiac aneurysm (10 10
30 per cent according to published necropsy figures and according to the
defimtion of an aneurysm}

Symptoms Although the onset of cardiac infarction 18 sudden premon
torv symptoms are common duning the preceding week or so and take the
form of typicat or atvprcal angina pectons Then or without warning of any
kind and usually without any obvious precipitating cause the major attach
overwhelms the patient It may strike indiserimnately whether the subject
15 asleep at rest performing daily routine duties or everting himself and
s v signalled by pam guishable 1n site radsation and
quahty from 4ngina pectosss but instead of passing off in a few munutes
fasts for hour Its intensity varies from a feeling of pressure to extreme
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agony and gives no indication of the size of the infarct There may be no
other symptoms on the other hand there may be collapse weakness faint
ness sweating pallor breathlessness and vomiting Whlst a classical
attack 1s charactenised by pain others present with syncope and yet others
with suffocation In the syncopal type which represents a vaso vagal
reactton loss of consciousness may prevent appreciation of pamn when
paroxssmal cardiac dyspneea or acute pulmonary cedema dominates the
scene the patient usually admits pain on close questioning

Physical signs Unlike angina pectorts myocardral infarction provdes a
wealth of physical 1gns and spectal findings When first seen the patient 1s
usually grey cold sweating obviously 1ll and 1n pain he may be breathless
and cyanosed or he may be pale and collapsed—perhaps unconscious on
the other hand he may present none of these features Wathin two or three
days muld cases may look and feel well

The jugular venous pressure 1s sometrmes a hittle rased during the first
day or two and the pulse rate accelerated but 1n cases with 2 vaso vagal
reaction there may be bradycardia There may be orthopneea paroxysmal
cardmac dyspnaea or frank pulmonary eedema tn severe cases

The blood pressure falls initially only in cases with a vaso vagal reaction

and indeed may be elevated during the first twelve hours or so (Weiss
1939) 1n ammals it 1s ssimularly mamtained for the first twenty four hours
(Gross et al 1938) but 1t drops later commonly reaching 1ts lowest level
on the third or fourth day when systolic pressures of 80 to go mm of
mercury are often found Thereafter 1t remains low for several days or
even for weeks and then n all who survive clhimbs slowly back towards
1ts previous level which 1t may or may not reach (fig 14 0g) In 67 per cent
of fatal cases Chambers (1947) observed no such recov ery In hypertensive
subjects this drop m pressure mav not be recogmsed unless the onginal
level 1s known

The heart sounds are often famt particularly when the blood pressure
t low and there may be presystolic or protodiastolic gallop rhythm Tran
stent pericardial #riction 1s heard m about 10 per cent of cases especially
when the mfarct 15 anterior Disturbances of rhythm are not uncommon
and 1nclude ectopic beats paroxysmal ventricular tachycardia aunicular
flutter or fibrillation and any grade of heart block

Low grade fever 1s the rule and may continue for several days but rarely
for more than a week Transient polymorphonuclear leucocytosis also
occurs duning the first few days The sedimentation rate begms to accelerate
after a day or two reaches maximum veloaity towards the end of the first
week and then gradually returns to normal 1 an average pertod of six
weehs from the onset (fig 14 10)

Electrocardiographic appearances ‘These have already been descnibed and
explamned 1o Chapter 111 (page 93) Leads facing the surface of the mnfarct
show a promunent or monophasic Q wave imtal elevation of the RS T
segment and subsequent imversion of the T wave Anterior infarcts may
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be mapped out with preciston by means of multiple umpolar chest leads
and may be chiefly anterolateral (fig 14 11) or anteroseptal (fig 14 12) The
Q T pattern 1s usually transmutted to lead VL and hence mamly to stan

dard lead 1 but if the heart 15 electrically verticala V5 Q T pattern may
be transmutted to lead VF, and hence to standard Jeads 2 and 3 The Q {
pattern of posterior infarcts 18 seen 1n esophageal leads over the posterior
surface of the left ventricle and 1s transmutted to lead VF and hence to
standard lead 3 (fig 14 133) while chest leads usually show mitial de

prcssx‘;))n of the RS T segment followed by unusually tall T waves (fig

1413

[ +]
o pa g T

showang, cardiac nfarction  Masimum
changes are seen n leads Vs V6 VL and st ndard lead T

The abnormal Q wave dew elops early and may persist indefinttely
Elevation of the R T segment 15 usually transientbut a monophasic Q
wave assocrated with perststent elevation of the Q T .egment 1s often seen
with ventricular aneurysm (fig 14 14) Primary inversion of the T wave
appears m a few days reaches a maximum withi two or three weeks and
then gradually reverts towards normal but shght inverston with Pardee
coving of the RS T segment may persst i one or more leads (fig 14 15)

The diagnosis of acute cardiac 15 p I ble if sersal
electrocardiograms remarn normal 1n all the recognised leads but an 1mtial

electrocardiogram may be normal occastonally 1f taken within a few hours
of the onset

In differential diagnosis great stress 1s laid on the abnormal Q wave for



392 DISEASES OF THE HEART AND CIRCULATION

this occurs 1n no other condition It must of cource be distinguished from
a normal Q wave measuning 2 or 3 mm  and a monophastc downward
deflection i standard lead 3 should not be accepted as a Q wave unless Q
15 also promnent 1n standard lead 2 and 1n lead VF (fig 14 16) Elevation
of the RS T segment 15 also seen 1n pencarditis (page 342) and opposite
large S waves in appropriate leads i left ventnicular preponderance (page
426) and left bundle branch block but the contour of the S T segment
and the general pattern 15 different as described elsewhere

S

Fig 14 12—El showing cardac inf Manmum
changes are seen 1 leads V3 and Vs

Primary mverston of the I' wave alone 15 less conclusne evidence of
infarction for st may be seen 1n a variety of conditions including toic
myocarditis pencarditis carbon monovide poisoning myxedema certan
bioch I states and following paroxysmal tachycardta However the
depth and sharpness of the invereion usually exceed that 1n alf other types
and 1ts association with upward coving of the RS T segment 1s practicalls
diagnostic Changes 1n senal graphs are less helpful because nearly all the
pamary T wave changes mentioned above are also transient

Bundle branch bloch mostly left occurred in 7 3 per cent of 700 cases of
angina pectons and 1n 8 g per cent of 328 cases of cardrac infarction reported
by Salcedo Salgar and White (1935) Conversely they found that ischazmic
heart disease accounted for approximately 50 per cent of 181 cases of mtra
ventricular block of all types \Mister Dack and Jaffe (1938) found the
inadence of bundle branch block 1n acute coronary occlusion to be 12 per
cent 1n 1 0,3 cases collected from the hterature and 1, per cent in 375
cases of their own Intraventricular block does not necessanily imply eptal
infarction 1n these cases and of course mav precede the acute episode
Its 1mportance hes in the fact that 1t may mask the electrocardiographic
signs of cardiac nfarciion for as explamed on page go there can be no
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th 14 13 (a)—Electrocardiogram showing pasterior cardiac nfarction Characterssic
changes are scen in leads VF nd hence in leads 2 and 3 The ST segment 1s depressed
mlead V4

F# 1413 (B)—The 1 ter stag of p st tor snfarct on sho ving unusually tall T wa e
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Fig 14 14—El showing wids d Q v aves and perststent
clevation of the ST segment associated with s entncular sneurysm
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Fg 14 15—~Electrocardiogram of a case of old cardiac infarction showng persist nt Q

waves and Pardee coving of the ST segment tm antenor left ventricular surface leads and

therr counterparts (leads VL and standard lead I} ‘The nfarct occusred 14 months
previously

o s

Pig 14 16—El ctiocard og sm in a case of pregnancy showing a promunent Q wave

and mversion of the T w e

o t b
Pathatopal e § ¥ 1.S, 12 lead 3 due (o card ac rotation mot_the absence of a

VFand the p sence af an 8 w ve 1n standa d lead 1
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m the presence of night bundie branch block

Tig 14 17—~Flectrocardiogram showing typieal appearances of antertor cardiac mfarction
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Q wave n leads facing the surface of the left ventnicle in cases of left
bundle branch black unless the septum 1s also necrosed and the gross
deformuty of the R I' component may overshadow RS T changes due to
the infarct Somerville and Wood (1949) however found that the charac
tenstic Q T pattern of an infarct could be recogmised n nearly all cases
compheated by night bundle branch block (fig 14 17) and in about half
those with left bundle branch block (fig 14 18)

Llectrocardiography may be of great value in the diagnosts of myocardsal
infarction months or years after the event an abnormal Q wave local
dwarfing of R or primary mversion of the T wave i one or more left
ventricular surface leads or their counterparts being particularly helpful

Radiological findings Tluoroscopy 1s impracticable during the acute stage
of the illness but may be useful later An infarct on the left border of the
heart near the apex may form a ledge {fig 14 19) In normal hearts pulsa
tion 1s seen around the whole surface of the left ventricle 1n myocardial
infarction there may be local absence of pulsation or pulsation may be
locally paradoxical a portion of the ventricle expanding while the rest con
tracts this area of absent or paradowcal pulsation represents the nfarct
and may be seen on the left border of the heart towards the apex or on
the daphragmatic surface of the left ventricle (with the aid of gas m the
stomach) for some reason posterior basal infarcts are less easily visualised
Interpretation of pulsation as seen on the fluoroscope 15 by no means easy
and requires constderable expenience of normal vanation The kymograph
a simple device for obtaining a permanen  shiagraphic record of cardiac
pulsation has been used with some success as an md 1n analysing the
findings (fig 14 20) the electrohymograph 1s even better But absence of
pulsation at the apex may also be seen occasionally mn hypertensive heart
fature (fig 14 21)

Ventricular aneurysm 1s more easily recogmsed particularly when
sttuated towards the apev or left lateral border (fig 14 22) It should not be
confused with a dilated left auncle (fig 14 23) or with an mtrapericardial
hzmatoma (fig 1424) Increased density and unfolding of the aorta due
to atheroma with or without calcification may be seen 1n many cases
but cannot be regarded as evidence of coronary atherosclerosts calaified
coronary arteries (Snellen and Nauta 1937) offer more convincing proof
but even these do not necessarily signify 1scharmuc heart disease

Apart from the changes mentioned the size and shape of the heart
are usually normal 1n cases of uncomplica ed cardiac infarction enlarge
ment 1s commonly due to heart falure or to comncident hypertensive

heart disease

Complications The acute stage lasts on the average for six weeks during
the earlier part of which many complications may artse the gravest danger
being abrupt death from ventrcular fibrillation (fig 14 25) about 10 per
cent of all cases die i this way Other disturbances of thythm are also
relatively common and 1nclude ventncular ectopic beats paroxysmal ven



Fi., 14 19—Skiagram 1n a case of anterior carduac infarct on sho ng a ledge on the left
border of the heart
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Fig 14 20—kymogram of a cas of anterio cardiac nfarction hos ing an area of b nt
Pulsat on on the left borde of the hea t near th apex
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Fig 14 .1—hymogram of & ease of hypertensrve heart fatlure sha g absence of pulsa
t on at the apex
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Fg 142.—Skiag am of u case of ventricular aneurysm
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Fig 14 23—Skiagram ot a case of organic mutral incompetence showing a d lated Ieft
auricle on the left border of the heart
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tricular tachycardia paroxys
mal auricular flutter and fib
nllaton  nodal thythm and
heart block They should be
regarded  <eriously  because
they may herald ventncular
fibrillation or preciputate heart
falure

Left ventricular falure or
congestuve heart falure 1s par
ticularly serious and 1s respon
sible for as many deaths as

ventricular fibrillation more Tig 15 24—Skiamram of a case of stab wound
over it increases the nsh of  offe'fichrt showsng 5 herstons o e Jeft
phlebothrombosis  and pul border (successfully evacuated fater)

monary embolism

Thrombo embolic lestons 1n various situations are detected chnscally in
2 litle over 10 per cent of cases and mav be found at necropsy 1n about
45 per cent (Hellerstein and Martin 1947) The dangerous period 1s from
the fifth or sicth day to the end of the third week when the clotting time
18 shortened (Ogura et al 1946) Phlebothrombosss in the legs resulting
1 pulmonary embolism 13 by far the most common and 1s responsible for

Himinee

Y

E
A

Fig 14 25—Electroc d g am shov n

% the mode of d ath 1n a cas of 15 hamic heart
sease \entnicul  fibnll ton dey.

el ped wh1 a routine gaph as b ng t ken
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10 per cent of deaths followtng cardiac 1nf: Cerebral thrombosis or
embolism ss next m amportance accounting for § per cent of such deaths
Hellerstern and Martin guie the incidence of varous thrombo embalhc
festons as follows

Per cent
Pglmonary 2338
Renal 144
Splenic g8
Cerebral 79
Penpheral arterses 55
Mesentenc 1 %43
Carotid or aortic -34

Although mural thromin occur m g4 per cent of all cases ey are not
responsible for more than 1o per cent of these lesions for the latter have
been found 1n 59 per cent of cases without mural thrombr and the total
merdence of thrombe embolc lestons 1s hittle kugter (45 per cent) Thus
massne pulmonary emnbolism 1 imvanably from phlebothrombosis nevet
from raurat thromb: and cerebral vascular actidents are commonly the
result of local thromboss {Bean 1938)

Cardiac rupture oecurs in Jess than 1 per cent or 1 1o per cent of fatal
cases 1t 15 not necessarily a dramatic event for the perforation may be
small and the signs and symptoms may be those of cardiac compression
from hrmopencardm such cases may tove a week or more Perforation
of the interventricular septum 15 seen occantonally and gives nise to the
sudden development of a coarse systohe thrill and murmur s the third
and fourth sntercostal spaces towards the sternum Heart fatlure has easued
rapidly m most of the cases reported (e g Leonard and Damels 1938)
Although the perforanon may looh smalf at necropsy and the trach tostuous
the shunt during hfe may be considerable as estimated by means of cardiac
catheter atson

Left ventricular aneurysm may be found at necropsy n as mamny as 22
per cent of fatal cases {Wartman and Hellersten 1948) but 1s less often
recognused chimcally In the series referred to abave 25 were anterior an
16 postersor five of them ruptured The condtion anses early and may
be well developed by the time the patsent 13 allowed up for fluoro copy
The \ ray appearances have already been descrsbed {page 397} Chinseally
st 1 suggested by an unusual pulsatson 1 the region of the apex beat when
Teft ventricular enlargernent 1s improbable on other grounds The electro
cardiogram usually shows a monophasic Q wave and conspicuous and
rather perastent elevation of the Q T segment over the ancurysm while
the mam QRS deflection 13 often upnght m lead VR (Goldberger and
Schwartz 1948) {fig 14 14) If rupture does not occur dunng the fisst
few weeks the prognos:s 1s fair
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Pencardius may be of three kinds (1) a transient friction rub may be

heard over an anterior apical imnfarct and represents local pericardia

reaction (2) there may be widespread pencarditis with friction heard at

all areas or at a distance from the lesson which may complicate either

antertor or postenor infarcts (3) there may be hxmopencardium resulting
from ventncular perforation Local pencarditis does not alter the electro

ard phic pattern of inf: but widespread perrcarditis may do so
and hxmopenicardium invanably does (fig 14 26) Penicardial friction of
one kind or another 15 heard 1n about 10 per cent of cases

Fig 14 26—Cardac infaretion complicated by perforation and hzmoper card um
A Orig nal anteror cardiac infarction
B After recovery
C After petforat on of nfatct (hemopercardium)

occlusion on the total coronary circulation Angina pectoris may develop
orif 1t was present before 1t may be worse on the other hand if previous
Pain was due to local 1schzzmia at the site of the recent infarct angina may
lmprove or temporarily disappear Congestive faillure may also develop
later and may cause the disappearance of angina Later cardiac rupture
is rate and wsually denotes fresh coronary occlusion even when the
perfaration 1s through the old infarct Less than 10 per cent of ruptured
hearts are due to an old ventricular aneurysm (Munck 1946)
1d

After effects The sut course 1s d d by the effect of the

Differentsal di In the diffe of myocardtal tnfarc
ton many conditions must be borne 1 muind the most confusing are
massive pul y embol acute dinis g aneurysm of
the aorta diaph herma hageal or gastric dysf and
acute p: but diapt pleurisy espectally when bilateral

disease of the gall bladder perforated duodenal ulcer epidemic myalgta
and pain referred from the spine may give nise to difficulty In pulmonary
embolism the most 1mportant clue 1s early engorgement of the cervical




40() DISFASES OF THE HEART AND CIRCULATION

vemns and wnmedhate hypotenson winlst thythm changes are very rare
otherwise baoth symptoms and signs may be mdistinguishable from these
of coronary thrombosis and even limb lead electrocardiograms may resem
ble those of postertor cardtac tnfarcuon Fortunately however chest fead
graphs are diagnostic (page 450) Acute pericardis may sumulate cardic
infarction closely but may be distingusshed by the el drograra {page
342) Dissecting aneurysm 18 characterssed by radiation of pan to the back
and downwards by hypertension by the absence of electrocardiographic
change by the develog of aortic p e and perhaps by signs
of mvolvement of carotid subclavian renal or femoral arteries (page 523}
Draphragmatic herma should be considered when there ave no changes m
temperature white count ES R and electrocardiogram and raay be
dragnosed by means of 2 bartum meal with the patient in the head down
position (Esophageal ar gastric pain may be felt i the centre of the chest
and may resemble the pasn of cardiac infarction but physteal examination
15 entrely pegatne the electrocardiogram remains normal and the sub
sequent course 13 benign Acute p may be d by the
urinary chastase test

Treatiment Patients should be confined 1o bed at once and should reman
there for three to six weeks or longer according to the seversty of the diness
and to the behaviour of the sedimentation rate and electrocardiogram If
the blood pressure 1s low and the patient faint or dizzy he may have to he
flar ptherwise and particularly if there 1s any sign of farlure he should be
propped up aganst a back rest 10 order to reduce the work of the heart
(page 158)

Sem starvanon fpr the first fen days followed by an Soo caloe diet
during the dangerous penod practically halves the mortahty rate (Master
et al 1936} Frunt drinks and soft stewed or fresh frust with sugar 15 all
that should be allow ed for the first forty eight houss The qualty of the
fater fight dier matters less than #ts bulk and calonsfic value but should
contamn little sodum if there ts any evidence of faillure

The most beneficial drug 1 the acute phase 1s morphine which should
be given in adequate dases and as often as required to relieve pamn and
distress and to snduce rest and steep Excellent results are obtamed whes
pamn 15 severe by giving i mtravenously in a dose not exceeding  of 3
gram {15 mg ) dissolved 1 at least 2 ml of stenle water or sahine and 3t
a slow rate three mynutes being taken over the injection

Quimdine 3 to 5 gramns {025 G ) tds may be gnen m the hope of
preventing ventricular fbnllation and other changes of thythm Results ate
difficult to assess but on the whole seem to be encouraging certamnly
quimdine prevents ventricular fibriffatian tn dogs (Wegna and Nickerson
1943} and the doses recommended are without danger

Heparm and dicoumarel (page 454) have been used widely m recent
years 10 prevent extension of coronary thrombosis and thrombons else
whese The freq of pufl y emboksm and of cerebral thrombosts
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has alreads been noted the former was directly responstble for 6 , per cent
of deaths 1n a series of 200 fatal cases reported by Eppinger and hennedy
(1938) was present m 24 5 per cent of the total and 1n 32 7 per cent of
those with congestnne failure These are average figures and provide good
grounds for anticoagulant therapy The results of a preltmnary analysis of
S00 cases so treated {collected by 2 special commuttee of the Amencan
Heart Association) have been given by Vander Veer VMarshall and huo
(1948) as follows

Cases treated with

Contraols anticoagulants

per cent per cent
Death rate 23 13
Thrombo embolism 19 9

“The coronary vasodilators with the possible exception of amimophylhne
do not reliev e the pain of cardhac infarction and do not influence 1ts course
aminophyline o2 G tds or four hourly mav perhaps improve the
collateral circulation and may help to prevent cardiac asthma

The onlhy other drugs used at all frequently are bromide and pheno
batbitone to allay anxtety m apprehensne patients

Adrenahine should be avorded no matter how Jow the blood pressure for
the gravest danger 1s ventnicular fibnllation and the drug most likely to
produce 1t adrenahne Digitalis and strophanthin are rarely ind: d and
are dangerous for the same reason (Travell Gold and VModell 1938) They
may be considered however when congestive heart falure 1s becoming

erious or when auncular fibrillation or flutter with rapid ventricular rate
persist for more than twenty four hours but espectal care must be taken
10 avoid an overdose Coramine strychnine cardiazol and other simular
remedies of the stimulant class are not advised

Other measures may be necessary when there are complications mer
cunal diuretics and a low sodim dret are useful i the event of fatlure
cphedrne L gr (32-mg) tds should not be withheld if Stokes Adams
attacks complicate heart block and bolder doses of quimdmne miy be
needed to combat paroxysmal ventricular tachycardia

If the course 15 bemign and the patient looks and feels well he may be
allowed up after three weeks provided the sedimentation rate has returned
to normal and the electrocardiogram does not show a large infarct Most
cases require a month in bed and a further fortmght resting at home on a
cauch but those with complications should remain 1n bed for six weeks or
longer

Six weeks 10 three months convalescence 1s usually needed while the
patient regains his confidence and gradually resumes his ordinary activities
Radical change of employment 1s rarely practicable in this age group but
ighter work and less responsibility may have to be advised Relatively good
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recovery from the first attach ts the rule but severe angma or recurrent
congestive fatture may cause total incapacity after subsequent attacks

Pragnosts The mortality rate 1 acute cardiac infarction has been about
25 per cent for all attacks not specially treated with prompt nursing atten
uon wnual sem starvation and no interference 1t 18 said to be 16 5 per
cent {Master et @l £936) and with anticoagulant therapy 13 per cent
(Vander Veer ef al 1948) With the added help of a low sodsum diet and
quisdinie the martalety rate for all attacks should not exceed 10 per cent
Such figures exclude cases of sudden death due to coronary thrombosss
they refer only to those which survive long enough to recenve medical
attention ‘The mortality rate m first attacks has been about two thirds
that 1 all attacks

Preceding angina pectorss or hypertension has no influence on the prog
nosts but diabetes mellitus 1s adverse Whether the infarct 18 antertor or
posterior matters Jitle but imohement of the septum muluple lesions
and extensive necrosis as judged by the electrocardiogram are bad omens
Imtial shoch prolonged hypotension a small pulse pressure arrythmias
cardiac enlargement congestive heart faiture and thromba embehism are
naturally sertous (hatz and Mintz 1947) Bothin hypertenssye and narmo
tenstve subjects the greater the fall 1n bloed pressure the worse the out
fook agam those whose bload pre sure fails te chmb back towards their
previous levels fare badly {Chambers 1947)

The further outiook i those who make a satisfactory recovery from thett
first attack of cardac snfarction does not differ radically from that in anginz
pectons as a whole rehable figures are not avadable but the average hife
expectancy may be estimated at about sesen to eight years

"The factors which mfluence the ultimate prognosss are alko the same a3
those in angina (page 380)

ACUTE CORONARY INSUFFICIENCY

‘The term acute coranary msufficiency has been proposed by Master and
his colleagues {1947) 10 describe tho e cases of ischawmys heart disease
that cannot properly be called angina pectons or cardiac infarction but
that appear to be something between the two

The physiological basis for the condinon s simlar to that for angina
pectoris but the responsible precipstating factors are prolonged For
example prolonged increase of cardiac work may be due to paroxysmal
tachycardia auncular fluttes hypertenstve crises thyrotovse crises and to
an overdose of certmn drugs such as adrenal prol d o
the coronary blood flow may be due to anything that senously fowers the
cardiac cutput and blood pressure e g hamorrhage shock masste pul
monary embohsm and vaso vagal syncope prolonged reduction of the
orygen content of the arteral blood results from asphyvia carbon monovde
possoning and avute anmmia In all these condwons the nutritional de
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AFTER REST AND DICOUMAROL

Fig 14 27—El ct oca d ogram howing pe s t ntdepr  on of the 5T segment nac se
of acute coronary insufficiency R co ¢ y followed < weeks st and d oumarol
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mands of the myocardium may be madequately met especiaily if occlusne
coronary atherosclerasts 1s also present and subendocardial necrosis of any
part of the Ift ventricle may occur  [he snner third of the muscle suffers
most as I angina pectoris owing to the intramyocardal pressure grﬂdxcm
The climeal teatures may resemble a prolonged attach of anpna of
atypical cardiac nfarction on the other tand the conditron may be chms
cally sifent  The electrocardsogram shows depression of the RS-T segment
1 left ventricular surface leads and their counterparts symilar to that <een
dunng an attack of angina pectatis or during acufical hypovia (fig 14 27)

Fig 14 28-—~Electroc rhwopr m shoying tran sent imersion of the T v aes followsng
probonged eireulatory coll pse + 1th extreme ta bscardia without evidence of stracturt
drs 2 e of the heart

Transient wmersion of the I wave in the <ame leads mav develop later 10
the attack and mav last for several davs after the circulation has returned
to normal (fig 14 28) Truc tnversion of the I waves 1s well seen m carbon
monode posontng, (Ag 14 29}

Acute corenary msufficiency as so defined may explain the occurrence
of trae heart future 1 the later stages of shack {Wiggers 1947) and the
readiness with which heart taiture develops during mfusions in the hyper
kmetic stage of severe hemorrhage or acute anzmia (Sharpey Schafer
1944) It may also explain the poor functional state of the heart tao lang,
<ubjected to tamponade and the development of true heart fatllure m
aceasional cases of constrictne pencarditis

A special type of acute coronary insufficiency occurs after coronary
thrombosts without carduac mfarction This 15 destnbed on page 83



(b) Tw he days later

Fig 15 20—Transient in ersion of the T+ 2 s due to carbon monowde poison nj,
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CHAPTER Wy

HYPERTENSIVE HEART DISEASE

blem of systemic hypertension It 15 necessary to conmsider this

l l YPERTENSIVE heart disease 1s but one facet of the whole pro
problem first

DEFINITION

Hypertenston maplies elevanon of the basal blood pressure above the
normal hmuts of 145/go mm Hg Physwologieal vasoconstrictson due to
emotion to cold or 16 other trrvial cause 15 common and modifies the
significance of casual high readings of the order of 160/g0 mm Hg The
basal pressure 15 that obtaned when the subject 1s lying down and when
successtve readmgs at five minute mtervals have dropped 1o a steady level
Strictly speaking the subject should have had nothing to eat or drnk for
tnehe hours and the room temperature should be about 70 F but these
pomnts are impracticable

When elesation of the blaod pressure shows disproportion betweer
systolic and dustolic fesels systoltc bras favours rgidity of the aorta and
large vessels as m atherosclerosis or increased force of cardiac contraction
as mn thy whereas d lie bras favours sasoconstriction as 1t
true hypertension It s therefore permissible to speah of systohic or dastohe
hy pertension

VARIETILS OF HYPERTENSION

Hypertension toay be paroxysmal as in phaochromocy of the
adrenal medulia transtent as in acute nephntis and toxarma of pregnancy”
or persistent as tn chronte nephrtis chronte pyelonephritss surgcal k
ney coarctauan of the zorta and essenual and mahgnant hypestension
High bload pressure accompanying thyratovicoss and the chmactertc 15
comerdental statsstical analysis shows no sigmificant correlation and the
pressure does not fall when these disorders are corrected (Bechgaard
1946y The blood pressure i obese subjects may appear to be Tgher than
1t really 15 osing to the unreliability of the cuff method of measurement
when applied to a fat hmb lower pressures may be recorded by direct
artenal puncture Under certan conditions e iy during a mgor when there
is intense vasoconstriction of when the main artery to the hmb 15 partly
occluded the biood pressure reading may be much lower when smeasure
by the cuff method than when measured by direct artenal puncture sndeed
3t may be wnmeasusable by ordunary means when direct puncture proves
it to be 1n the regon of 100 mm Hg Such fallacies must be canstantly
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borne m qund Hypertenston assactated with autral stenosis 1s almost
certainly 2 matter of chance, apart from the transient nae of pressure which
may result from heart fatlure

INCIDENCE

In 1928 hypertension accounted for 14 8 per cent (Bell and Clawson) to
20 per cent (Fahr) of all deaths 1n the U S A 1n people over 50 years of
age British estimates are similar About , per cent of young adults 3o to
40 per cent of subjects over 40 and 6, ta 75 per cent of those over 70 have
some degree of hypertension (Master et al 1943) the lower figures apply
tommen the higher to women At least 8o per cent of hypertensive subjects
arebetween 4o and 70 years of age the peak period being 50 to 59 (Janeway
1913 Bechgaard 1946) According to Plart (1948) severe persistent hyper
tension 1n persons under 40 years of age 15 commonly renal less than a
third of fus series were essentral and he encountered no primary malignant
cases under the age of 34

The sex ncrdence 1s about equal men being rather more frequently
affected 1n the upper classes (Janeway 1913 Ehrstrom 1918) women m
the lower (Blackford ef al 1930 Bechgaard 1946) Mahgnant hyper
tension however effects three men to one woman

About 80 to 85 per cent of cases of persistent hypertension are essentral
about 2 per cent are primary malignant and most of the remamder are
renal

High blood pressure appears to be Iinked with civilisation 1t 15 said to
be rare or uncommon 1n China amongst ortentals generally (Harns 1927)
and 1n negroes (Donmison 1029) but 1t 15 15 cOmmon or more common
m civibised negroes 1n the US A as 1 the white population (Tishberg
1939)

PATHOGENLESIS

Parovysmal hypertension 15 due to an excess of arculating adrenaline
released by a phaeochromocytoma of the adrenal medulla (Beer hang and
Prinzmetal 1937)

Transient kypertension in acute nephritis appears to depend upon a ner
vous rather than a humoral agent (Pickering 1943) and may be due to
extra renal factors (bylin 1926) There 15 reason to believe that acute
nephritts 15 an allergic vascular reaction to the products of remote bacterial
infection (Cavelts and Caveltt 1945) usually but not exclusively strepto
coccal the brunt of the attack falling on the glomerular tufts but the

11 [sewhere not ping entirely General vasospasm may cause

the hypertension
Hypertension i toxemia of pregnancy may be transient and behave like
that 1n acute nephritis or st may be persistent and resemble essential or
malignant hypertension (Golden Dexter and Wenss 1943)
¥E
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High blood pressure sn coarctation of the aorta {page 208) probably
results from diminution of the renal bloed flow It does not occur expent
mentally if the zorta 1s constricted below the ongm of the renal artenes
{Rytand 1938)

Hypertension resultng from chromc nephritis, chrome pyelonephnitts
{Schoen 1930 Lengcope and Winhenwerder 1933) and certan surgical
Frdueys (Braasch Walters and Hammer 1940} ts almost certanly attrt
butable to a humoral agent hiberated by the diseased hidney (Picherng

1943}

CTIOLOGY OF LSSINTIAL HYPLRTENSION

Certam predisposing factors must be considered first

Heredtty Accordrng to Platt (1947} essential hypertenston could be 2
hereditary disea e conveyed as a Mendehan donunant with a rate of evpres
sion of more than go per cent ‘Thts may be an extreme view but the
rmportance of the hereditary factor cannat be demed Thus Ayman {(1934)
studying 277 fanulies found hyperten 10n 1 the cluldren i 3 1 per cent
of the families when bath parents were normal 1n 28 3 per cent when one
patent was hypertensive and m 45 § per cent when both parents were
hypertensive Agan n an nvestigation based upon 2,6 members of 30
famihes Hines (1940) found that the cluldren were hyper reactors to the
cold pressor test m 43 4 per cent when one parent was either hyper
tensinve or 2 h)pcr reactor and mn g5 per cent when both parents were
cffected In Bechgaard s senes of over 1ooo cases of persistent hyper
tenston which mncluded 20 7 per cent possible renal cases (i which there
1s 110 heredstary factor} one or both parents were sertously hypertensne
in 7§ per cent

Hyper reaction 1o pressor agents The excessive reaction of hypertensnes
0 the cold pressor test of Hines {1940} 1s the best example [he test1s
carned out as follons the basal blood pressure 1s first recorded 1n the usual
way the subject s free hand 15 then plunged mto 1ce cold water {3 ©0 5 C)
to yust above the level of the wrist and smmersed for one munute while
the blood pressure 1s recorded at half msnute ntersals In 8 g per cent of
normal perspns the blood pressure rises an average of 12 4/10 ¥ M Hg
and returns to 1ts previous Jevel wathin tso minutes A nse of more than
20/15 am Hg s regarded as 2 hyper reaction Patients with established
essential hypestension show an average nise of 46 6/30 9 mm Hg 95 per
cent beng hyper reactors ollow up studses indicate that apparently ot
mal individuals who are hyper sensitive to the cold pressor test are Iahely
10 develop persistent hypertension Hines also clums that high casual
readings due to emotion have the ame significance but this s ot sub
stantiated by the subsequent histories of patients with Da Costa s 8 ndrome

(Grant 1925 Wood 1941)
Holdsng the breath for 20 seconds may also be used as a pressor agent
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tn much the same way, and compares fasourably with the cold pressor test
(Ayman and Goldshine 1939)

Other factors The fluence of envthsation and of sex in mahignant
hypertension has already been mentioned

Structural changes 1n the zessels Certain structural vascular changes often
found associated with hypertension have been proved to play no part n
1ts production Atherosclerosss 1s innocent n this respect unless a plaque

constricts the renal artery, increased ngidity of the aorta and great vessels
may raise the systolic pressure increase the pulse volume and accelerate
the speed of the pulse wave but 1t has little influence upon the mean blood
pressure Calaification of the media of medium sized artertes has a sumular
effect The characteristic vascular lesion which 1s the signature of mahgnant
hypertension necrosing afferent glomerular arteriolitis 1s a result not a
cause of extreme hypertension Multiplication of the internal elastic
lamna and hypertrophy of the media of small arteries and artenioles are
also effects not a cause of sustamed hypertension Hyaline thickening of
the ntima especially of the afferent glomerular artenole  found 1n g8 per
cent of cases of essential hy pertension 15 the only vascular leston possibly
to blame which has not yet been proved to be a result of high blood pressure
(Pickening 1943)

Experimental studies ‘The classical experiments of Goldblatt (1934 et seq }
proved that persistent hy perten 1on could be induced 1n dogs by constrict
mg both renal arteries unilateral constriction fatled unless the other kidney
wa removed Hypertensive retinopathy and widespread artenolar necrosis
smilar to malignant hy pertension 1n man were reproduced by more severe
constriction but the renal vessels distal to the clamp were spared Simular
results were obtamned in rabbits by Wilson and Pickering (1937) In 1939
Wilson and Byrom succeeded in causing persistent hypertension berign
or malignant n rats by constricting only one renal artery The vessels m
the other hidney then showed changes comparable i all respects to tho e
seen 1n benign or malignant hypertension 1n man

The 1 that the diff between tial and mal
hypertensi01 1s merely one of degree 1s supperted by the occasional develop
ment of malignant changes 1n practically all varieties of hypertension
including paroxysmal tran ient and renal hypertension moreover 1n the
early malignant stage renal biopsy usually reveals no evidence of arteriolar
necrosis mdicating that this 1s not an essenual part of the picture but
merely a late consequence (Castleman and Smuthwick 1943)

Brochemcal ky pothests concerning the cause of hy pertenston Fxperimental
hypertension of the kind just described 1s believed to depend upon the
Iiberation of an excess of renin by the 1schzmic hidney Renun combines
with an enzyme hypertensinogen which 1s a normal constituent of the

plasma globulins te form .« pressor substance by perten.m or angio tomn
(Braun Mlenendez et al  1939) Hypertensin 15 sad to be destroyed by
another enzyme hypertensinase (Pichering 1943)
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There 15 as vet no direct proof that essential hypertension tn man 15
caused by this mechanism although 1t seems to explain renal hy perteasion
It may also explamn rare cases of hypertension assocrated with athero
scleratic obstruction of one or both renal arterses (Yuste 1944} It should
be noted that umilateral renal disease 1s capable of causing hy pertenston m
man mn other words man behaves like the rat mn this respect not like the
dog or rabbit

Physiology of the cxreulation mn essential hypertension In essential hyper
tension vasoconstnctson affects chiefly the efferent glomerular arterioles of
the kidney the intraglomerular pressure being raised and the cortical
blood flow diminished abviously if the latter were due to vasoconstrictiar
provumal to the glomerul the intraglomerular pressure would be lowered
Biood appears to be diverted from the renal cortex nto other channels The
classical studses of Trueta and his colleagues (1947} mahe 1t haghly probable
that the juxta medullary by pass provides the prinoipal diversion The
vessels of the shin and bram are constricted more or less sufficiently to
prevent an ncreased blood flow through these ternitones, on the other
hand the artenioles tn skefetal muscle and probably 1n the heart are httle
tf at all constricted so that they may passively yield to the rmised pressure
and take some of the shunt The behavtour of the splanchnic sessels
remains to be inestigated The cardiac output blood volume, and blood
viscosity are normal Vasoconstnction appears to be humoral rather than
nervous 1n mechanism (Pickering 1943) Hypertensin causes a siulas type
of vasoconstriction the chief effect 1s on the efferent glomerular arterioles
the shin 15 mvolved only 10 the extent of preventing secondary tacrease of
blood flow the skeletal muscles take some of the shunt That hypertensit
15 the h i cause of 1 hyp 25 therefore an t
hypothesis Pickenng remarks that the bram and heart hetng two of the
most important organs in the body are provided with specual pressor

mechamsms the carotd smus and aortic arch which respond to falling
intravascular pressure by causing vasoconstriction as the nature of these

organs demands that appropriate ad are diately ted st

1s natural that the h of th:s rction 5s nervous But the
hidneys are just as vital and st would therefore harmonise with general
principles if they too were provided with 2 pressor mechamsm to nsure
adequate mtragiomerylar pressure without which filtration would cease
but there is no for sudden ad but rather for prolonged
ones A humoral mechamsm would mert the requirements nicely
Nevertheless as previcusly stated proof that essential hypestension 14
man 1s due to excessive liberation of renin ss lacking Transfusion expent
ments have falded to demonstrate a pressor agent n the venous blood
of hypertensnve subjects and Light and I (1939) farded ta demonstrate 3
pressor agentina pmt of blood taken from the renal vem of a patteat with
malignant hypertenston and transfused into a boy of mne Even 1f the
humoral mechamsm were prosed to be the remin hypertensin_ system
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we should still be sgnorant of the cause of 1ts hyperactiuity

The most promusing line of ivestigation seems to be that recently
opened up by Trueta and his colleagues at Oxford They have shown that
blood reaching the hidney has two alternatne routes (1) through the
glomerult of the cortex (2) through a juxta medullary by pass Blood may
be diverted from the cortex in varying degree as a result of emotion shock
crushing injunes hmorrhages certan drugs certamn bactenial toxins and
probably by nnumerable other agents In cases of Bright s disease they
have noticed degenerative changes in the juxta medullary glomeruli con
sistent with constant operation of the shunt ‘The sigmificance of these find
mgs will not be overloched particularly their suggestion that the juxta
medullary by pass may act as a functional Goldblatt clamp

CLINICAL FEATURES

PAROYY SMAL HYPERTENSION

Paroxysmal hypertension first described by Frankel (1886) 15 rare
usually accurs 1n youthful or early mmddle aged subjects of erther sex
and 1s charactensed by recurrent attacks of palpitatton headache and
vomiting angina pectorts or even acute pulmonary @dema (Howard and
Barker 1937) may be d Abd 1 comp: as gccurs on
stooping may provoke an attack but usually there 15 no obvious precipt
tating cause Dunng the crisis which may last for minutes or hours the
blood pressure (systolic and dustohc) 1s extremely high most of the sluin
1s cold pale and mottled but the forehead face and neck may be flushed
Sweating and trembling may follow Between attacks the patient 1s usually
well but persistent hypertension occasionally malignant develops sooner
or later 1n the majonty (Green 1946)

A mass about the size of an orange may be felt i the abdomen in one
third of the cases or may be demonstrated by sunple shiagrams py clo
grams or other radiological methods The adrenal medullary tumour 13
commonly unilateral and benign There 15 usually « considerable excess of
circulating adrenaline or nor adrenaline 2ll the time and 1n attacks there
may be a thousand times the normal quannty (Mackeith 1944) The
electrocardiogram may show the usual pattern associated with persistent
hypertension or 1t may show evidence of acute left ventricular stress during
attacks—nversion of the T wave m leads facing the surface of the left
ventricle

Death may result from cerebral hzmorrhage acute pulmonary cedema
or ventncular fibnilation

Followmg the demonstration bv Clerc and Sterne (19,7) that a synthetic
benzodiotan (diethyl aminoethyl bensodioxan) in oral dases of a 05 G
six hourly releved all symptoms immedsately and prevented further
attacks the admuimstration of this sub tance has been used as a diagnostic
test for the condition (Cahill 1943)
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The wntravenous myection of 0025 mg of histamune or of 300 mg of
tetraethylammonium bramude s also helpful 1n diagnosnis for in cases of
phzochromocytoma both rase the blood pressure (La Due et al, 1948)

“Treatment 15 surgieal and may be entirely soccessful but the operanve
mortahity 1s about 30 per cent (Mackeith 1944) The chief dangers are
extreme hyper adrenalsm during 1 of the tumour, and 2 pro
found drop in blood pressure following its removal

TRANSIENT HYPERTENSION

The clinseal features of acute nephritis and toxmmta of preguancy are
beyand the scope of this work and their effect upon the heart 15 discussed
elsewhere (page 327)

PERSISTENT HY PERTENSION

It 1s doubtful whether any symptoms can be ascribed to high blood
pressurestself Certarnly the magonty of easesare discovered acesdentally or
by reasan of complications Headaches fatigue dizzmess difficulty in con

and palp are iy due to anxiety whether the

blood pressure 1s raised or not Redwstribution of biood due to selectne
vasoconstriction may however determune the behaviour of two varables
Tt was stated previously that vasoconstniction n skin and bram was more
or less sufficient to prevent an imcrease of blood flow through these terrt
tortes as a result of raised pressure the words mare or less may pow be
amplified Thus more v iction may be responsible for
the pale hypertensive less for the red more cerebral vasoconstr ction may
be responsible for dizaness faling memory and for general mental
deterioranon less for headache The more important symptoms associated
with hypertension are due to cardac senal or cesebral comphcations and
will be discussed later

The blood pressure 15 necessanly raised 2 dragnous of previous perssstent
hypertension when the blood pressure 1s found to be normal 5 nearly
always wrong unless there 1s severe hemorrhage shock massie put
monary embohsm or myocardial inf: It y to B!
four grades of hypertenston according to the level of the dustelic pressure
between go and 110 mm Hg s conssdered mild 330 to 130 moderate 130
to 150 severe abave 150 grass The systolic pressure may be at any leel
between 150 and 300 min Hg and may modify the grade accordingly
‘With mild hypertensson st 15 usually between 150 and zoo with moderate
hypertension between 180 and 230 wath severe berween 210 and 266 with
gross between 240 and 300 Issential and nephritic hypertension may be
of any grade malignant hypertension 15 always severe or gross

The pulse 18 firm and vanies considerably sn amplitude from case 10 case
In the more sesere grades 1t 1s 2pt to be small in those with marhed athero
sclerosss farge Hard tortuous or calesfied penpheral artenes andigte
atherosclerosss or Moncheberg s scl t they

nat hypertens
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may be associated In the latter event one or other carotid usually the
night may be hinked and then mistahen for an aneurysm or caroud pulsa
non may be so increased 1n amplitude as to suggest aortic incompetence
A dimmuhed and delayed femoral pulse associated with absent dorsalis
pedis and posterior tibial pulses indicates coarctation of the aorta Pulsus
alternans (page 166) may occur 1n severe cases and 15 usuilly associated
with heart farluce
Retinoscopy may reveal arterial thickening hemorrhages exudates or
papilledema and should never be omutted There are five signs of arterial
thickening (1) increased tortuosity (2) notching pinching or S shaped
bending of vamns at arterio venous crossings (3) uniform or arregular
natrowing of the artenal blood streams owing to reduction n the diameter
of the vascular lumina {4) white artenal fringes ot thin white lines border-
g the red artenial streams representing the thickened white walls of the
artenes themselyes—they are rarely seen 1n more than one or two places
and then only for a short distance usually on a bend (5) the silver wire
artery 1 which a single white streah representing 2 grossly thickened
artery with an obliterated lumen replaces the red column of blood This
15 rare and usually sigmifies thrombosts Occasionally the distal part of
such an artery may be patent due to the development of 2 collateral
aireufation
By far the most mmportant of these signs 15 narrowing of the arterral
fumen Normally the apparent wadth of a retinal artery compared with its
accompanying vem 1s as 5§ or 4 § When the artery 15 thickened this
ratio 15 decreased and may be ahout 3 5 or less There 13 no better way
of expressing the average calibre of the retmnal arteries than by giving the
4approximate arterio venous ratio
In berugn hypertenston 1t 1s rare to find more than notching of veins and
narrowing of the artenial lumina white artenal fringes and obliteratton of
the lumen usually mean nephntic or mahignant hypertension
It should perhaps be added that the appearance of the fundal vessels
grves little indication of the state of the cerebral vessels the risk of ~troke
cannot be assessed from retmescopy
Retnal hemorrhage may be superficial when 1t 1s linear or fan shaped
1n appearance or deep when 1t resembles a rounded smudge Both kinds
may be seen 1n hypertensive retinopathy but the former 1s more common
Hzmorrhages are rare in essential hvpertension and when present are
usually minute They are not uncommon 1 nephritic hypertension and
almost myvartable sooner or later 1n the makignant type
Retinal exudates are of four distinct types {r) large hemorrhages some
times reveal eccentnic soft white cores which may persist after ab orption
of the blood (2) soft fleecy patches scattered indiscrimmately over the
reting are charactenistic of malignant hypertension (3) complete or incom
plete star patterns composed of hard whitish particles or dots radiating
from the macula may be seen 1n chronic nephntic or i malignant hyper



424 DISFASES OF THE HEART AND CIRCUI ATION

tension (4) in diabetes mellitus the exudate 13 waxy sharply cut, and
scattered resembling pate yellow confett: Small areas of retnal degenera
tion m old people should not be confused with exudates
When papilleedema 1s added to the signs of hypertensive retinopathy
alreadv descnibed, malignant hypertension should be diagnosed Con
versely mahignant hy pertension should rarely be considered in the absence
of papilledema
Although chronic nephnitis may be responssble little 15 fost by making
the other diagnosis for 1f there 15 papitleedema the course of the disease
will certmnly be mahgnant if acute nephrttss and toxemia of pregnancy
can be excluded "The appearances may be disungushed from those of
cerebral tumour by the artenal changes bv a macular star figure or by
exudates independant of hamorrhages
The mechamsm of hypertensive retmopathy 1s obscure Hamorrhages
can hardly be due to rupture of minute vessels subjected to high pressure
for the capillary pressure 1s normal i hy pertenston (Cihs and Werss 1979~
30) and in any tase healthy caprilaries can withstand astorushingly high
p Papilleed: 15 usually d with a fugh cerebro spmal
fluid pressure but not mvanably moreover higher CSF pressures are
found without papsilsdema 1 cases of supenior vena cava obstruction
Occasionally progressive blindness occurs
Examnation of the heart usually reveals same degree of left ventricular
hvpertrophy The apex beat becomes displaced 1o the left and downw ards
the cardiac impulse becomes heaving 1n quality and unusually easy ta feel
1t 13 quite different from the short sharp thrust of the over acting heart for
s a quet unhurried action giving the impression of great strength The
dynamic quality of the former may be compared with the first few strobes
of 1 racing crew galvamsed ito urgent actton by the sound of the starung
signal the heaving impulse of lett ventnicular hypertrophy to the pm‘crfu‘
steady dnve mamtained by the crew when 1t has settled down to 2 long
hard struggle If with due care the apex beat cannot be focated left
sentricular hypertrophy 1s unlikely even 1n obese subjects unless mashe
by emphysema
Presystolic gatlop rhythm 1s common with severe hvpertension espectally
but not necessarily when complicated by left ventricular farlure The secon
sound at the base 1s accentuated and hagh pitched Tunctional aorue mneoent
petence 15 not uncornmon and mav be associated with dastolic pressures
of 130 to 170 mm Hg in other words 1t may not affect the arculatory
i Tt 1s due to dil of the aortic ring and may be compared
with f 1 pul y p 1n routral stenosis and atnal septal
defect Pulsus alternans may <ometimes be heard espectally if there 1s 2
miteal systolic murmur (Levine 1648}
Aurncular fibrilfation ss found 1n about 7 § per cent of unselected hyper
tensnve patients (Rothstadt 1938) and may precipttate congestive hcnf:
fmdure At first and partcularly if untreated 1t may be paroxysmal buta
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arule 1t soon becomes persistent especially under the tnfluence of digitahis
and 1n elderly subjects Permanent auncular fibnilanon 1s less troublesome
than paroxysmal and tends to protect the indnidual from paroxismal
cardiac dvspneea and acute pulmonary eedema Other rhythm changes are
relatiely rare but include auncular flutter paroxsmal tachveardia and all

degrees of heart blockh
Limutation of cardiae resenve ts indicated by undue breathlessness on
exertion and by poor responses to effort tolerance tests Left ventricular
falure develops sooner or later m the majonty of those who surve the
other hazards of hvpertension and may be recognised by a history of
orthopneea paroxysmal cardiac dvspnaa or pulmonary edema and by
finding persistent rales at the lung bases a diminsshed vital capacity and
lung volume prolongation of the crude pulmonary arculation tme and
of the pul v vascular shad as described on pages

158 to 163

Congestie heart falure with elevation of the venous pressure hepatic
distension and dependent cedema follows left ventricular failure 1n practi
cally all cases that survive other misks Not infrequently patients with
hypertensi e heart disease dex elop congestive heart fatlure without prevtous
orthopneea and paroxysmal cardiac dyspneea No satisfactory explanation
for the behaviour of these cases has yet been offered Catheter studies have
proved that the right ventricular pressure 1s commonly normal m hyper
tension and that although 1t mses in left ventnicular falure the levels
teached do not seem high enough to be respensible for right ventricular
fallure as much higher pressures may be found 1n pulmonary stenosis and
patent ductus without embarrassment The suggestion that the nght ven
tricle 1s partly obstructed by displacement of the interventricular septum
(Bernheim s Syndrome) facks proof but necropsy evidence 15 suggestne
(East and Bain 1949) F 1 pul y stenosts  was disproved 1
one case of the author s by means of cardiac cathetensation

The cardiac output 1s low 1n hypertensie congestive heart failure but
may be near normal at rest m left v entricular failure moreover parotysmal
cardiae dyspncea may occur as the output nses (page 159)

The size of the heart 1 hypertension bears a close relationship to the
duration of heart failure 1t 15 large: t 1n essential hypertension when failure
has been protracted least enlarged in chronic nephritic hy pertension when
death 15 due to renal farlure or in those who die from apoplexy or from
othernon cardiac causes (Harnsonand Wood 1949) Agam serialskiagrams
may show little alteration 1n the mamfest size of the heart for long periods
1n essential hypertension yet gross enlargement may develop rapidly when
fafure occurs This 1s not merely a matter of cardiac dilatation because
heart weights show simular correlation Slight to moderate left ventricular
hypertrophy probably results from hypertension alone according to its
degree and duration but gross enlargement which usually imvolhves the
night ventncle as well as the left 15 always due to protracted fatlure
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“ioderate hypertrophy should be regarded as 2 compensatory change of
structure wihich 1s beneficial 3t helps the heart to perform more work
{Dieckhoff 1936)

Electrocardiograpliy provides the most accurate means by which the
degree of left ventrscular enfargement and stress may be assessed Ieads
facing the surface of the left ventnicle such as V, and V6 show high
soltage and shightly widened R waves with depressed R T segments and
myerted T waves (fig 15 01} This fund I pattern 1s reflected in nght

Ve

iz

Fig 15 o1—Electrocardaogram in 3 case of by pertensn ¢ heart disease {see text) The heatt
15 electrseally horzontal

sentncular surface feads such as Vi and V2 as very small R waves and
deep Swaves the S T segment bemng elevated and the T wave arubh
upnght The heart 1s usually electrically honizontal left sentrseular surface
potentials bemg transmutted to the left arm nght\entricufar susface poten
tials to the leftleg Lead VL then resembles Vg and V6 lead VF resembles
V1 Standard himb Jesds therefore show left sus deviation lead 7 lookbsng
like VL and V, or 6 lead 3 like VF and V1

\When the heart s rotated clockwse on its longuudinal avs
below) the antestor part of the iter 1entricular septum 5s & placed to the
feft and the transitron zone becomes Vg or even Vg (fig 1502} ¥ hen th§
heart ss rotated antr clockwise the tran 1tion zone moves fo the nght a0 "
QR compleves or dommant R wases with inverted T waves may be foun
as far across as Va (fig 150,

When the heart xg 5cctim;3ﬂ)!) vertical left ventnenlar surface potcnt;alr:
are transmutted to the left feg nght ventncular surface pmcnm)s to the le

(viened fram
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Fig 15 o4—Electrocardiogram 1n a case of hypertensive heart disea e The heart 15
electrically vertical (see text)

Tig 15 05—El showing d
to @ serm sertical position of the heart
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arm Lead VT then shows the tail R wave and imverted [ whilst lead VL
hasa prominent S wave Standard leads may then show nghtaxis deviation
with imversion of the T' wave in leads 2 and 3 (fig 1504)

Concordant left ventncular preponderance in standard leads (fig 1, 0,)
1s due 0 a semi vertical electncal position of the heart Left ventncular
surface potentrals are transmutted to the left leg and standard leads show
Iugh voltage R waves and inversion of the T wave m all leads

The higher and wider the R wave 1n lead $5-V6 and the deeper the S
waven lead V1 the bigger the lefi ventricle The pattern majy be distin
guished from left bundle branch block by the presence of Q 1 lead V6
The cause of the R-T segment depresston and the ‘T wave mersion 1s less
wellunderstood these changes may be associated with acute left ventricular
stress without hypertrophy of the muscle although thes usually result from
both coronary disease 1s not responsible

X rays reveal left ventncular enlargement farly well but accurate
measurement 1s difficult 1n obese subjects The left border of the heart 15
not only displaced to the left but 1s denser and more rounded than usual
and may sink deeply nto the shadow of the diaphragm {fig 15 06a) whilst
the point of opposing movement 13 displaced upwards In the second
oblique position the patient often has to be turned farther to the nght n
order to prevent the shadow of the left ventncle overlapping the spme the
ncreased bulk of the left ventnicle 1s usually obvious (fig 15 06b)

Hypertension also leads to unfolding of the aortic arch The ascending
fimb curves more forward and to the nght  the descending more backward
and to the left In the antero posterior view the aorta may thus appear
widened but 1t 15 onlv because the two limbs throw adjacent instead of
supenmposed shadows (fig 15 072) Unfolding 1s best seen in the left
antenor oblique position especially with banum 1n the @sophagus which
15 deflected back with 1t (fig 1507b) the abrupt angulation so caused
occasionally produces dysphagia In the first oblique position the ceso
phageal deflection may be almost as conspicuous (fig 15 07¢) In this iew
backward displacement of the esophagus at left auncular level may be due
to enlargement of the base of the left ventnicle (fig 15 08)

The combmation of left ventnicular enlargement and unfolding of the
aorta presents the charactenstic appearance of two ovals set at night angles
another descriptive term 15 boot shaped  (this should not be confused
with the cceur en abot  which compares the turned up toe of the heart
i Fallots tetralogy with that of the wooden shoe commonly worn by
Dutch peasants)

Angina pectoris occuts 1n 5 to 10 per cent of cases and may be due to
assoctated coronary athero.clerosts or to relauve coronary msufficency
Pamn may be typical or 1t may tend to last longer than usual even up to an
hour or so d 2 P tarly upon nises of blood pressure
such as occur for example n paroxysmal hypertension strong emotion
eg fear or anger and exposure to cold may provoke such an attack




(2) Antero posterior view the apex of the Jeft
ventricle 15 buried 1 the diaphragm

(b) Angiocardiogram 1n the second oblique position

Fig 15 06—Hypertensie heart disease showing left ventn
cular enlargement
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It will be remembered that the coronary blood flow depend upon the
mean blood pressure and upon the state of the coronary artenies Duning
systole the large extra mural coronary tessels dilate forming a tense
elastic resersoir the outflow berng sealed by the intramural pressure The
Iagher the systolic pressure the greater this elastic reservorr \s the ven
tricles relax blood flows through the intra mural branches mfluenced not
only by the aortic diastolic pressure but also by the elastic recorl of the
superficial coronary artenies

Autopsy studtes indcate that the coronary blood flow 1n essential hyper
tension 15 considerably increased In figs 15 ogaand b the coronary systems
of a normal and of a hypertensne heart are compared The vessels have
been imjected with a radio opague substance at the calculated mean pres
sure 1nd sktagrams have been tahen at a fixed distance so that comparative
measurements are vahd The large and lucunant coronary tree of the
hypertensive case 1s typical of the senes studied (Harrison and W ood
1949) It 1s probable that the coronary flow behaves like the blood flow
through skeletal muscle and 1s usually increased m all forms of hyper
tension In cases of angina however skiagrams of the injected coronary
vessels show erther occlusive atherosclerosis (fig 15 10a) or a meagre
coronary system which has failed to enlarge (fig 15 10b)

Renal behaviour vanes greatly according to the type of hypertension In
the essential variety renal fatlure 1s rare and when 1t does occur 1t 15 late
usually 1 patients over 70 vears of age Minor degrees of renal mvolve
ment however are common Traces of albumin and hyalme casts are
often found in the urme due to glomernlar fault and dimimshed filtration
may be revealed by mubn creatmime or urea clearance tests Tubular
re absorption may be ympaired resultng in polyuna and n dimmshed
power of urinary concentration Nocturia may also be a feature

In malignant hypertension there 15 alwavs a fast race between renal
falure cardiac failure and cerebral catastrophe The end 1s sometimes a
combination of all three Nevertheless despite the early occurrence of
renal failure 1t 1y rare for pronounced changes n renal function or for
conspicuous unnary findings to precede the charactenistic retinopathy
(Wagener and keith 1924) The converse s true of nephritic hypertension
Nephrosclerosis 1n malignant hypertension differs from that found m
essential hypertension only 1 the presence of afferent glomerular arteriolar
necross

In chronic nephntis there 1s usually considerable evidence of renal
damage at 2 ime when the heart 1s but little enlarged and when the fund:
are relatively normal Albumin hyaline and granular casts and occasionally
red cells are found in the unine mulin creatinine and urea clearance are
greatly dimmushed the, blood urea may be raised and there 1s commonly
polyuria noctunia and failure of urinary concentration

Cerebral mamfestations occur sooner or later 1 about one quarter of
hypertensive cases Cerebral hamorrhage 1s an ever present danger and

o
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may at any tume cut short the Iife of the patient Subarackuord hamorrhage
1s by no means rare congenttal deficiencies i the media or elastica of cer
tawn arterses partrcularly those forming the aircle of Willis wath or without
herry aveurysm grving way to the high pressure Cerebral thrambosis may

ako oceur but depends more upon d cerebral ath 1
Hypertensive encephalopathy 1s ch 1sed by attacks of severe head

ache vomitmg coma or convul 1ons lasting for hours with ar without

transient focalistag signs Its t 1s obscure but the customary

treatment by dehydration 1s based on the behef that it 1s due to cerebsal
eederan and this has limited pathologteal support (Scheinker, 1948) The
diagnosts should never be made until cerebral or subarachnoid heenorrhage
has been excluded S careful subser of the cen
tral nervaus system reveals some abnormality mdscating 2 local vascular
feston

Detensovation of bugher cerebral function has already been mentioned when
severe 1t 1s usually due to dath i and ssct Occaston
ally however multiple pin point hamorrhages scattered widely through
out the frontat lobes are found at autopsy and provide adequate explana
tion for dementsa

Heemarrhages elsenhere are nat uncornmon and mclude epistaxss hamo
ptysts and hzmatemesis Whlst some local predisposing factor would
seem probable nothing sigmficant 15 usually found Clinical diagnosis 1n
such cases may be obscure at first for hypertension may not be recogmsed
owing to the fall of blood pressure which accompantes the hamorrhage
Mareorer when hremodilution is slow so that the hemoglobin er hem?
tocrit fevel ss but htle reduced the apparently normal blood pressure m3)
lead 1o gross error of judgment concerning the size of the hmmorrhage
Routine examination of the ocular fundi tends to present such rustakes

COURSE AND PROGNOSIS
(of persistent hypertension)

Perhaps the best follow up studies n the hterature are those by Janewd)
(1913} Blackford Bowers and Baker (1930} and Bechgaard (1946} Jare
w3y found that one half of 458 patients were dead within five years and
three quarters wathin ten years of the onset of symptoms Bisckford
Bowers and Baker reparted a 50 per cent martality (70 per cent of the men
39 per cent of the women) amongst 222 cases within fhe 10 eleven years
Of Bechgaard s 1 000 patients 41 per cent of the men and 22 ¢ per cent &
the women were dead within five to ten years The better outlooh i womet
was emphasised sn all three articles Bechgaard found the mortalaty rate o]
hypertensise men was 2 g times and women 1 4 times, that of the generd
population and was sumidar i all age groups (exeluding renal cases) ‘

Apart from sex the chief factors affecting prognosis melude the type *:
hypertension the degree of retinopathy the height of the blood pressur!
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and the state of the heart The natural outlook tn malignant hypertenston
1s untformly bad few cases surviving more than one or two years Chronic
nephritic hvpertension also has a grave prognosis the mortality rate being
about nine times that of essential In pertension  T'lhus 1s partly because renal
hypertension 1s often a late mansfestation of chronic hidney disease—hence
the frequency of 2 normal sized heart 1n this group

Wagener and heith (1939) correlated life expectancy with changes in the
ocular fundi they followed the course of 209 pauents for five to nine years
The survival rate according to whether retinal changes were rmld moderate

severe or gross was 80 per cent 35 percent g per cent and mul respectnely
When retimopathy was gross and mcluded papilledema 8o per cent died
within one year

The height of the blood pressure matters httle so long as 1t remams
within the shght or moderate grade 1e under 130 mm Hg diastolic but

above this level 1t 1s always serious

Cardiac behaviour 1n hypertension is determuned by the amount of extra
work 1nvolved and by the ability of the heart to cope with 1t 1t 1s chuefly
mnfluenced by the rapidity of hypertensive development by the size and
strength of the left ventricle and by the efficiency of the coronary blood
flow The best defence 1s put up by a placid patient of voluntary or enforced
sedentary habus and occupation who has a naturally strong left ventricle
with a good coronary blood flow when hypertension 15 nesther too severe
nor too sudden Under such circumstances the heart enlarges but hitle
over the years failure 1s indefinitely deferred and the patient remains free
from cardrac symptoms The worst defence Jeading to raprd faillure and
perhaps to early death occurs 1n an excitable individual of active physical
habits and strenuocus occupation who tries to cope with a rapidly develop
ng and extreme by pertension with an unprepared left ventricle mndifferently
nourished by a mean coronary system

Evidence of any cardiac abnormality eg dimmiushed cardiac reserve
angina pectorss enlargement or electrocardiographic changes at once
doubles or trebles the mortality rate (Bechgaard 1946) Inversion of the
T wave 1n left ventricular surface leads or their equivalent 1s particularly
grave at least 6o per cent of such cases being dead 1n an average of esght
months from the time of 1ts discovery (Rykert and Hepburn 1g,5) Aun
cular fibnillation means death within two years 1n 80 per cent of cases
(Rothstadt 1938)

Hypertensive heart failure 1s charactenstically left ventricular at first
and limits hife expectancy to about eighteen months Systemic congestion
follows sooner or later Several congestive attachs usually occur each
responding less satisfactonly to treatment than its predecessor The patient
finally sinks into a stuporose condition with chromc venous congestion
hepatic engargement and dependent dropsy the blood pressure falls
Cheyne Stokes breathing develops and death comes slowly Heart disease
1s responsible for death 1n 33 per cent (Janeway 1913) to 55 per cent (Bell
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and Clawson 1928) of hypertensive cascs stroke in 7 2 per cent (Paullin
etal 1927)to 16 per cent (Bechgaard 1046) ureemm m 10 per cent (Bech
gaard 1946)

The average life expectancy m uncomplicated benign hypertension of
slight or moderate grade 15 about fifteen years (Fahr, 1928) Obese subjects
do as well or better than those with normal weight probablv because their
blood pressures are not as high as they seem possibly because of benefits
denved from weight reduction Spontaneous recovery occurred 1n 5 4 per
cent of Bechgaard s series (2 per cent of the women 13 per cent of the
men) but 1in none of those seen bv Blackford Bowers and Baker After
five to ten years 58 per cent of Bechgaard s cases were free from symptoms
or only slightly inconventenced

Only about o 2 per cent of cases of simple high blood pressure develop
malignant hypertension but 8 per cent of cases of chronic pyelonephntis
do so

TREATMENT

It must be said at once that as yet there 1s no satisfactory treatment for
essential or for malignant hypertension when nephntic hypertension 1s due
to a unilateral lesion such as chronic pyelonephritis nephrectomy may be
curatve but otherwise 1t can be little mfluenced The hypertension of
Cushing s syndrome responds to removal of the offending tumour and
that due to coarctation of the aorta to surgical reparr When hypertension
1s associated with umlateral renal disease a causal relationship cannot
always be assumed before aduising nephrectorny 1t 15 well to make sure
that nesther parent was hypertenstve (Platt 1947) Normal renal function
13 also a necessary condition for successful nephrectomy for severe hyper
tension may have so damaged the vessels of the ongtnally healthy kidney
as to have made 1t 1schzemic and so to have established a vicious eurcle
(Wilson and Byron 1941)

For essential hypertension there are four main lines of treatment (1)
conservative (2) the low sodiim or rice diet (3) thiocyanates (4) lumbo
dorsal sympathectomy

Conservatize When the grade of hypertenston 1s mild or moderate and
when the prognosis 1s judged to be good on criterna previously outhned
radical medical or surgical treatment 1s hardly justified but this does not
mean that nothing else need be done Conservative treatment seeks to cor
rect adverse factors and to prevent complications or deterioration

If circum tances permut 1t 18 a good plan to begin treatment by putung
the patient to bed and to keep hum there until the blood pressure has
reached a static level Symptoms usually disappear quickly and the P‘“‘;‘"'
gams confidence During this time renal funcuon ncludmg I’)el"gfgf’ ’d
may be fully and conveniently mvestigated also the reaction of the "‘L‘;

pres.ure to bed rest gives useful diagnostic and prognostic mformal
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mnocent labile types falling quickly to normal nephnuc and malignant
hypertension responding Jeast
Patients should then be advnsed to Ine at a lower tempo !hc) should
learn to refuse extra and gradually to h the least
tmportant or most ithsome of those they already have they should keep all
Saturday and Sunday free for relacation should hase at least mne hours
rest 1n bed everv mught and should 1nsist on proper holidans each vear
preferably six weeks Long working hours heavy mental or physicat stress
and the general rush hurry and struggle of modern life must be avoided
or reduced Occuy may require modifi butitis rarely practicable
to change 1t radically for the pauents are generally too old Sudden effort
espeatally 1n the cold or after 3 heavy meal should be avoided straung at
stool should be prevented by regular habits and 1f necessary by the use of
hquid paraffin
Mental rel mav be impossible without sedatives or psvchuatric
help Phenobarbitone 3 to 1 gramn (32 to 64 mg)tds may be prescnbed
at times of unavoidable anxiety al d with p de 510 10
grams (0 321606, G)tds Psychutne help 1s mvaluable not necessarily
from a psychiatnst but by any exp t with the req
knowledge Many of the symptoms ascribed ta hypertcns\un are more often
due to anxiety moreover hypertensives usually have hyper reactions to
anxiety 1n the sense that their blood pressures nise unduly (Hines 1940)
Dcta\ls of psychiatric treatment are gnven on page 543
p attributed to hyp at the P may respond to
stilbastrol 1 to 3 mg daly although the blood pressure does not fall an
associated anwiety state 13 also common at this ime
Obest. patients tend to do well on 2 weight reducing diet  This 1s not.
merely because they lose weight but because small meals are beneficial to
hypertensives One day s bed rest with semy starvation per week diet then
being Iimuted to fresh fruit frunt jusce 2nd water only may be most helpful
or such a regime may be 1nstituted at less frequent intervals when the
patient feels the need of 1t
The use of harmless blood pressure reducing drugs other than sedatives
15 no part of conservative treatment for none substantiates the clam made
for 1t (Evans and Loughnan 1939) Thiocyanate will be considered later
Venesection has been advocated m the past and 1s still practised from
tume to time It 15 only justified 1n phlethone cases assecated with poly-
cythemia In essential hypertension its ¢ffect 1s fleeting the blood pressure
often regainng 1ts previous level within tw enty four hours In malignant
hypertension and 1n chronic nephritis venesection 1s contra mdicated for
some degree of anzmia 1s usually present in both conditions
Low sodum diet A low sodum diet cansisting of soya beans peanut
flour cooked potatoes mce starch and gelatine lowered the blood pressure
1n experimental hypertension in rats (Grollman and Harrison 1945) Sub
sequent chnical studies have shown that a simutar diet may reduce the
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1,

blood pressure substanually n ! human hyp (G
1945} A low sodum diet 1s described 1n detait on page 18, The nee diet
{kempner 1946) consists of nee coohed in unsalted water frwit i any
form and supar frut yusce and fluids are gven freely Tlus contams less
than 0 5§ G of sodium per day

The blood pressure 15 sard to fall signsficantly {average 45/25) in about
60 per cent of cases and there 15 usually a Joss 1 wesght of about 7 b
(3 hg) Assoon as such benefit1s demonstrated the diet may be modified
by adding meat vegetables and other foads listed on page 186 It 1s not
practicable to maintasn the mual ngd diet for long nor to mantam the
datly sodwum mtahe below 1 G for more than a few weehs

Treatment of this kand or by semu starvatton s useful to cheek hyper
tensihve eises or to lover the blood pressure quickly when it1s found to he
dangerously igh The value of the modified dict 1n mantaining pressures
at lower levels 1s fess well ectablished

Thiocyanates Thiocyanate was ongmnally mtreduced as s hypoteasne
agent by Treupcl and Edinger (1goa) but gamed no immediate frour i
view of the diffienlss expenenced m avoiding semous toxic symptoms Con
siderable interest has been taken in the drug however since Barker {1936)
showed that the dose could be properly controlled of the thiocy anste blood
Teset was estimated w eekly The normal serum thiocyanate ranges between
o and 277y mg per cent and 15 not altered s hypertension {Connell
Wharton and Robmson 1946) Levelsabove 15 mg per cent are dangerous
and those between 12 and 15 mg per cent are nshy Toxic symptoras
mclude wealness anorexa mndigestion nausea yoming hmb pans
impotence purpura d gortre thrombophlebins mentaf lethargy
and confusion In fatal cases dysarthria verbal aphasrz convulsions hallu
omatons dehnum and mama have psually preceded death by three 10
nineteen days (De} Solar et al 1935} Progressive anemia and emaciatton
have been attributed to chronse porsoning after five to ten years continuous
therapy (Wald Lindberg and Barher 1939}

The potassiwm salt 15 gren by mouth 1n 1nrteal doses of 2 ta 3 graws
(013 to 02 G) three umes daly after meals The serum thiocyanate 15
measured on the seventh day and then at weehly tenals subscquent
dosage bewng regutated as follows

Thiocy anate lev el Dosage recommended
Under 5 mg per cent 2103 grams {p13to02 G)tds
st07 z5grans{o1 G)tds
7t 10 1gram (64 mg ) tds
Qser 10 Stap drug for one weeh
The lonest blood level pateble nith a factory hypot e effect

should be mamtamed for three to six months Further courses M) be
gnen as destred
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The drug 1s sud to be unsafe in patients who are over 6o years old who
have had cerebral or other thrombosis or who have poor renal function
but Watkinson and Evans (1947) observed no il effect in fifteen pauents
over 6o mor in stxteen cases of malignant or chronic nephntic hyper
tension

Thiocyanates havc been particularly rcconunended for labile hyper
tenstves who p of headache and g (Hmes 1946) but they
have also been used for severe or gross cases unsuitable for lumbo dorsal
sympathectomy and as an adjunct to surgial treatment

Clinical benefit associated with a significant fall of blood pressure has
been clarmed 1n about 60 per cent of cases (Watkinson and Evans 1947)
Thus figure 1s not impressive when 1t 1s recollected that Bechgaard found
that 58 per cent of 1 0oo persistent hypertensives did well without treat
ment Carefully controlled observations such as those by Rusken and
Mchunley (1947) are more convincing and throw considerable doubt on
the efficacy of throcyanates It 1s well to remember that Pault (1903) who
ss usually credited with introd thiocy for the of hyper
tenston actually used the drug in the hope that 1t would prove supertor to
bromide 1n allaying anxiety svmptoms and reported singular success in
this respect The effect of sedation on hypertension 1s well known and of
thiocyanate merely acts 1n this way 1t should be abandoned 1 favour of
less toac substances

Lumbo dorsal sympathectomy In recent years numerous attempts have
been made to lower the blood pressure by surglcal means The only opera
tion which has proved Iy 115 1n those rela
tively rare cases i which hypertension 1s due to > unilateral renal disease
such as chrontc pyelonephntis Of other surgical measures the best known
13 lumbo dorsal sympathectomy as elaborated by Smuithwick (1940) This
consists of bilateral resection of the whole sympathetic chan from D§ to
L2 including preganghonic fibres gzngha and splanchmc nerves It has

proved superior to Adson s subd. with re
section of the first and second Iumbar gangha (Allen and Adson 1940) and
to Peets diaph with lower dorsal ganghon

ectomy (Peet Waoods and Braden 1940) ‘The object 1s to release as much
vasoconstrctor tone as possible to prevent renal cortical vasoconstriction
to produce postural hypotension and of course to lower the basal blood
pressure 1f possible With these aims there has been an increasing tendency
to extend Smithwick s operation and a number of surgeons e g Grimson
(1947) and Boyd (1948) now favour erther total or subtotal paravertebral
sympathectomy spl; and ceellic 1

The results of these vanous procedures have been fair The operative
mortality has averaged 3 g per cent but about 25 per cent have died during
the period of post operative observation There 1s no doubt that headache
dizziness and other symptoms may be alleviated that the blood pressure
may be lowered the electrocardiogtam improved the heart size reduced
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and that rennopathy may be dimimshed by such means abyectwve improve-
ment of one kund or another has been demonstrable 1 about 6o per cent
of cases (Smuthwick 1944) The results pudblished by different workers are
usually difficult to compare because cases are apt 10 be selected on different
eriteria

Early persistent hypertension of moderate grade befare degeneratnve
vascufar changes have set tn should respond best but the outlook 1s then
sufficiently good to restram most physicians from advismg surgical treat
ment yet «f left until serious compheations have arsen 1t may be too late
Thss 35 the crux of the problem The best comp may be to aduse
lurabo dorsal or more extensive sympathectomy m relatively young hyper
tensive subjects {under 50) whose pressures are known to be nsing or
whose casual duastolic pressures tend to exceed 130 mm Hyg after praper
medical measures have been mstituted

It 15 not easy to predict which cases will do vell The sedation test 1s
perhaps as good asany 1t consists of grving sodmumamytal 3 grams{o 2 G }
hourly for three doses whte the blood pressure 1s recorded every hour
The greater the drop the move hhely 1s the operation to be successful

Surgical treatment should not be undertaben \f the patient 1s over 56
vears old if renal functton 1s serrously wmparred if there 1s congestive heart
fatlure or if there has been myocardul infarction Angina pectons 1s na
deterrent norssa previousstroke early feft ventricular farlure that responds
well to medical treatment is Wkewtse no contramndication Qbese subjects
are technucally more difficult and are probably better avorded not only ont
that account but alse because they may do fatcly well of treated medscally
Women are often preferred to men because they usually do better but it
should be bered that the prognosts 25 twice as good m wemen tf
untreated
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CHAPTER M\ 1

PULMONARY EMBOLISM

heart disease sudden death from reflex ventricular fibnilation or

cardiac standstill pulmonary infarction or noail effects Embol may
be single or muluple infected or stenle They are usually attributable to
mobile venous thrombi onginating 1n the legs but are occasionally due to
fat air foreign body or to fragments of some remote malignant tumour

PULMON ARY embolism mav cause acute or subacute pulmonary

THROMBO EMBOLISM
General mcidence Massive pulmonarv embolism 1s directly or chuefly
responsible for about 3 per cent of all hospital deaths published figures
ranging from 2 to 6 5 per cent as shown below

Incidence of fatal
Number of pulmonary embolism
Author necropstes per cent
Belt (1934) 567 65
Collins (1936) 10940 207
Pilcher (1939) 2 861 45
Hampton and Castleman 3 500 35
(1940)
cCartney (1945) 25771 262
Crutcher (1948) 2 580 214

‘The actual meidence of clinical thrombo embolism among all hospatal
patients 1s difficult to assess but appears to be about 1 per cent 1 post
operative cases (Nygaard ef al  1940-41)} and 15 believed to be equally
frequent 1n medical abstetrical and gynaecological wards (Belt 1939)

ETIOLOGY

Thrombo embolism results from the breaking away of a blood clot
formed exther i the nght side of the heart or in the systemic 1enous
sistem
Intracardiac thrombosis Clots may form i the heart 1n cases of mutral
stenosts aurcular fibnllation congestine failure m)ocardml farction
bactenal endocarditis and Tiedler s carditis Damaged endocardium slow
ing of the blood flow and backwater eddies 1n dilated chambers are IW}PO"
tant contnibutory factors In mutral stenosis clots are more likely to form

444
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m the left than in the nght auricle unless there 1s congestive heart faillure
Myocardal mfarction practicillv always affects the left ventricle and as
mural thrombt are limited to the area of devitalised tissue emboli from the
heart are usually systemic exceptions are ssociated with septal infarction
Bactenial endocarditis 1s only a source of pulmonary embelt when 1t affects
the pulmonary or tricuspid valve a ventricular septal defect or a patent
ductus arteriosus 1nfarcts so produced are apt to be small and frequent
the clinical course resembling subacute or chronic hzzmorrhagic broncho
pneumonia Fiedler s carditss 1s mentioned because 1t 15 sometimes com
plicated by mural thrombr which may break away and cause repeated
hzmoptysis

1 enous thrombosis Intracardizc thrombosis however accounts for only
about 10 per cent of pulmonary embol (Belt 1939) the remamnder includ
mng the majonty of those assoctated with mutral stenosts aurnicular fibnlla
tion myocardial infarction and congestive heart failure being due to venous
thrombosis particularly in the legs Such emboh are common Belt (1939)
found them 1n 6 per cent of 1 ggo consecutrve necropstes and as often in
medical as 1n surgical cases They were directly responstble for death in 22
instances (1 1 per cent) and a contnibutery factor in approximately 70 (3 5
per cent)

The chief causes of yenous thrombosis may be listed under three main
headings

brombonhlel

1 Local venous myury
a) Infl

y—as 1n i
(b) Chemical—from the mjection of irntant solutions
(¢) Traumatic—as 1n fractures

(d) Infiltrative—as 1n cancer

2 Slouang of the venous blood flou.

{a) By local obstruction—as by tight bandaging smmobilisatron
1n an unfavourable posture or space filling lesions (including
obesity}

(6) As a whole—as m heart farlure

3 Inrreased clotting tendency of the blood

(a) Post operative post traumatic and puerperal states

(b) Polycyth=mua and hemoconcentration

(¢) Associated with tissue breakdown eg carcinoma of the
stomach myocardial infarction

(d) Certain fevers eg typhod

The h of 1ntr: lar clotting 1s a 1 d process and
1s not yet fully understood Its discussion 1s beyond the scope of this work
and the reader 1s referred to the excellent monograph by Nygaard (1941)

Thrombophlebitis 15 often sard to be less dangerous than stmple phiebo
thrombosis but this 15 doubtful for the former 15 less frequent but more




446 DISEASFS OF THF HFART AND CIRCULATION

eastly diagnosed winist the latter 1s common but apt to be overlooked so
that the percentage mctdence of embolism 1s likelv to appear ngher 1n
phiebothromt Fatal put y embolism follows the injection treat
ment of vancose vemns 1t 0 04 per cent of cases (Westerbarn 1937} and the
operative treatment tn o 4 per cent (Westerborn 1937 McPheeters and
Rice 1928)

Tractures partrcularly of the legs or pelvis may cause thrombo
ernbolism on account of injury to veins bilisation and post
acceleration of the clotting nme they may also give nise to fat embolism
Malignant neopl peciall of the h may be respon
sible for thrambo embolism as a result of venous inbitration, mechanical
venous abstruction and shortening of the clotting time (owing to tissue
necrosis) Chey may also give nise to mahgnant cejfular embol

The most cause of phiebothrombosis s bilisanon m bed
espectally in obese subjects over 40 vears of age Of 229 cases of fatal post
aperative pulmanarv embohism Prettin (1936) found the average weight in
women was 11 kg above normal and i men 4 2kg In aseries at the Maye
chinte g3 per cent of fatal post operative pulmanary emboh occurred 1n
patients over 4o years of age (Barmes 1937)

Congesuve heart fmfure encourages phlebothrombosts because the ar
culation 15 slowed When the cardiac output remains elevated ot 15 less
reduced than usual as m farure from the byperkinetie airculatory states
thrombosisis rare Congestive failure due to mutral stenosts or to myocardial
miarction 1s patticularly dangerous Lppinger and hennedy (x938) found
that pulmonary embolism was the direct cause of death in 6 5 per cent of
200 fatal cases of coranary thrombosis and 2 contributory cause i 32 7
per cent of those with congestnve fatlure The clotting tume appears 0
shorten after myocardial infarction perhaps owing to the products of tissue
necrosis  The clotting time also appears to be shortened by digitahs (Masste
et al 1944) and by the orgame mercurial diaretics (Macht, 1946}

Almast any major surgreal procedure may result in thrombo embolism
but abdormnal and pelvic operations carry the highest embohic nisk Re
sponsible factors melude post operative reduction of the clotting time
{maxumum at the tenth day) and unmobitation Child burth meurs 2
simdar nisk for sumtar reasons McCartnev (1945) found that pulmonary

bolism was directly responstble for 5 28 per cent of obstetrical fatahuies
and for 5 1 per cent of post operative deaths

HEMODYNAMICS AND PATHOLOGY

Acute pulmonary heart disease Expenments sn which the pulmonant
artenes have been occluded 1n varying degree by hgature or by arufictal
embolt have shown that 12 1s necessary to obstruct about 60 to 85 pe¥ cent
of thir total cross section before the svstemic blood pressure falls or before
signs of nght ventncular fadure can be detected and between 85 and zo;:
per cent before death ensues (Gibben Hophinrson and Churchill 3932)
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1s thus possible to undertake unilateral pneumoneciomy without embarrass

ing the circulation (Barnes 1941) In accord with these facts the majonity
of pulmonary embol cause no cardiac distutbance but when a large
embolus lodges at the bifurcation of the man pulmonary artery or when
multiple emboh block more than two thirds of the more distal trunks the
arculation 15 tmpeded and the left ventricular output falls This 1¢ the
condition known as massive pulmonary embolism 1ts effect upon the heart
1s acute pulmonary heart disease Compensatory adjustments include vaso

constriction which combats the falltng blood pressure elevation of the right
ventricular pressure which helps to squeeze blood past the obstruction

and elevation of the venous pressure which serves to encourage the right
ventricle It1sas yet uncertain whether that chamber usually becomes over

loaded or not In cases which recover the embolus 1s gradually packed to
the side of the vessels where 1t becomes organised and finally shrinks to
a mere thread Infarction of the lung does not necessanily occur because
sufficient blood may pass through to nourish the tissues

Subacute cases may occur m which repeated small emboli gradually
block the pulmonary airculation over a period of weeks or months (Belt
1939)

Pulmonary snfarction When an embolus lodges distally mn a relatnvely
small artersal trunk there 1s no rise of pressure 1 the pulmonary artery
blood 13 not squeezed past the obstruction and the block 1s complete
wnfarction of that part of the lung supplied by the occluded vessel follows
(unless the collateral circulation 1s sufficient to nourish the 1schzemic area)
Of course such an event 1s likely to complicate massive pulmonary embol
1sm and does so 1n 62 per cent of cases (Belt 1934) butit 1s a complication
and not an essential part of the picture Admuttedly experimental pul
monary embolism does not cause infarction m amumals unless the crreulation
13 otherwise tmpaired (Karsner and Ash 1912) but no such condition
appears to be necessary in cliucal medicine Infarcts of the lung are
hamorrhagic because blood from the bronchial arteres exudes into the
desttahised area If this second ource of nutntion 1s adequate for the needs
of the tissue imfarction does not occur When the hemorrhagic zone
reaches the surface of the lung a sero fibrinous pleural reaction develops
pamn may be severe as in any other pleurssy effusion 1s common and 15
usually blood stained

Pulmonary infarets are nearly always embolic m origin (Virchow 1856)
very few are due to primary pulmonary thrombosts and thev rarely com
plicate 1diopathic pulmonary hypertension or Fallot tetralogy two
diseases 1n which primary thromboss 1s relatrvely common

CLINICAL FEATURES

Masstve pulmonary embolism In a typical dramatc attack the patient feels
as 1f he had been struck in the centre of the chest and rapidly becomes
fant grey cold clammy and breathless Central sternal pain may be 1ndis
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tinguishable from that of acute myocardal infarction Consciousness may
be lo t Penpheral cyanosis 1s evident in the ears lips and nail beds but
elsew here pallor 1s usually more noticeable Sweating 1s commonty protuse

The pulse ss thready and rapid or mas be imperceptible the blood pressure
15 low or immeasurable (fig 16 o1) The jugular venous pressure 1s mvart

ably rased (fig 16 02) and the liver may be palpable cardic eedema 1s not
seen in acute cases but may occur later 1n the subacute form Lxamination
of the lunge may reveal nothing abnormal The heart sounds are usually
soft although the second sound at the base may be relatively accentuated
or widely split (1f there 1s right bundle branch block) Clinical and direct
visual evidence of dilatation of the pulmonary artery provimal to the em

bolus have been described by McGinn and Whate (193,) and by Churchill
(1934) respectively The Graham Steele murmur of functional pulmonary
incompetence has been heard (White and Brenner 1933) Occastonally a
pericardral friction rub develops oser the base of the distended pulmonary
artery (White 1937)

Rarely patients die abruptly at the onset presumably from reflex cardiac
mhibition or ventncular fibnllation such deaths being preventable by
atropine 1n ammals and being independent of the size of the embolus
(Scherf and Schonbrunner 1937) The great majority howeser sunnve
the mitial insult but about one third die subsequently from circulatory
obstruction approximately 10 per cent within ro munutes 30 per cent
within an hour and 6o per cent mn a matter of hours or days (de Takats
and Fowler 1945) On the other hand about two thirds recover—within
hours days or weeks Throughout this anxious period there 1s a 2§ per cent
misk of another and perhaps fatal embolus

Massive pulmonary embolism however 1s not always dramatic and
mild cases are eastly overlooked Passing tightness of the chest fleeting

plained breathl transient f or a symptomless nse of
Systemic venous pressure may be the sole mamfestation of an event that
brought death very close

Subacute cases may pass gradually into congestrve heart fallure without
2 single incident suggesting embolism the clinical features of these rare
cases resemble those of primary hvpertenstve pulmonary heart disease

It should be noted that calling for the bed pan and falling back dead
1s not specially correlated with pul bohsm The ph
appears to be associated with tmpending death from ventricular fibrillation
orasystole and may occur as a tragic climax to many forms of heart dsease
including aortic stenosis and myocardialinfarction The colonic disturbance
may be 2 vagal manifestation Abrupt death from pulmonary embolism
preceded or not by a call to stool 15 rare as already mentioned

The diagnosis of acute right ventricular stress may be proved electro
cardiographically (fig 16 03) Limb leads show smus tachycardia 2 con
stant S wave ;n lead 1 a frequent Q wave 1n lead 3 mversion of Ty
flattening or slight nversion of T and rather low voltage (Barnes 1937)

HH
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Occasionally P becomes tall and sharp (Wood 1948) The e appearances
are not unlihe those of posterior myocardial nfarction although an absent
S, conspscuous Q, and elevation of the R T segment 1n fead 3 should be
sufficient to distinguish the latter in standard leads Again Qy tn cases of
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fig 16 oy—~Electrocardiogram showing the characteristic appesrances assocated with
massive pulmonary en bohsm (lead 1Y R=CR3 1 P R=CR2-3 RP R=CR9)

massn e pulmonary embalism s caused by cardiac rotation and ts rot seen
i lead VF In multiple chest leads app are equally charactenstié
(Wood 1941) the T wave 1s nearly always wverted 1n leads V13 ovet the
night ventricle sometimes 1n 1 4 and occasonally even m Vs (A, 1603)
and clochwise rotation or displacement of the interentricular septum ©
the left brings the RS pattern round as far as Vg or even V 6 Therearend
pathological Q waves and the RS T segment 13 not deviated from the base
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tne but n about 15 per cent of cases there 1s transtent nght bundle branch
block (fig 16 04) These changes are not immediate but deselop wathina
few hours and are usually maximum within one to three days Recovers
1s relatnely slow three to six weehs elapsing before the ' wave i finally
upright agatn m leads V1 or V2

29 5 45 315 45 286 ) ne 45

Fg 16 04—Electrocard ogram showng transient s ght bundle branch block i a case of
masstve pulmonary embol sm

The electrocardiographic pattern has been vartously attributed to reflex
coronary spasm (Scherf and Boyd 1939) to interference with the coronary
blood flow through the nght ventricle owing to the combimed effect of a
low aortic and high night ventricular pressure (Durant Long and Oppen
hetmer 1947) and to nght ventricular stress (Wood 1941) There 1s no
proof of coronary spasm and although usually ascribed to a vagal reflex
the el phic pattern 1 ftered by vagal secton m dogs
(Malinow hatz and honde 1946) In experimental air embelism 1n dogs
Durant Long and Oppenhemer (1947) directly obsered the deselopment
ot right ventricular schemia Therr thests 1s supported by the 6o per cent
frequency of constricting substernal pam 1n clinical cases (VWood 1947)
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On the other hand remarkably similar changes are found n any condition
ging rise to nght ventricular stress

Pulmonary ifarction When an embolus lodges in a small or moderate
sized pulmonary artery there are no immediate symptoms or signs Within
a vanable time however, mpossible to determne clinically a sudden
pleural pam may signal the accident Hzmoptysts may precede or follow
the patn may not occur at all or may occur without pam Comcrdent with
these events and especrally 1f there 1s pleurisv the respiratory rate rises
and feser develops F'xamination of the chest reveals little at first except
perhaps pleural friction but wethin a day or two the percussion note may
become tmpaired the breath sounds duninished and riles may be heard
sometumes there are frank signs of consolidation or of flud When the
diagnosis 1s 1n doubt a specimen of this flud should be obtmned for 1t 1s
hemorrhagic m most cases of infarction A skiagram 1s also helpful the
cone shaped infarct casting a tnangular egg shaped or rounded shadow
according to sts lateral obhique or antero postenor lie (fig 16 0y) Unfor

tunately the ch 15tic app 1s often ok d by the obl
shadow of flurd When embalism occurs without infarction skiagrams may
show 2 1 area of d 1 owing to the absence of

vascular shadows n the 1schemic area (Shaptro and Rigler 1948)

Pan hemoptysts fever and tachypneea may last a week or two but the
patient does not look or feel sertously 11l unless the pnmary disease mzhes
him so Moderate leucocytosts and a rapid erythrocy te sedimentation rate
are the rule the former lasting a few days the latter several weeks as with
cardiac infarction

‘Whlst the abosve description applies to most cases 1t should be added
that infarcts may be clinically silent and are often only discovered at
necrop y In other cases secondarv infection complicates the picture or
the embolus may be nfected from the start pulmonary abscess or em
Pyema may then develop

Venous thrombosis In all cases of suspected pulmonary embolism a search
should be made for the source As previously stated thus 15 commonly
phlebothrombosis in the legs It usually begins m the calf where there may
be deep muscle tenderness or pain on dorsiflexing the foot (Homans sign)
Superfictal thrombosts in the long saphenous vein may be felt as a solid
cord and 1s usually tender With thrombo phlebitis the overlying skin 1s
hot red indurated and pamful Extension to the femoral vemn causes a

nise of skin temperature 1n the affected hmb a most useful

sign of sertous phlebothrombosis cedema also occurs 1n manv cases but 1s
less constant

PROGMNOSIS

It 15 not easv to assess the true mortality rate m thrombo embolism for
many mild cases are overlooked but 1n 2 series of twenty clincally recog
mised cases of massive pulmonary embolism scen by the author six died
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In necropsy matenal about two thirds of al pulmonary embol: are major
myvolying more than 50 per cent of the cross section of the pulmonary
artenes (Belt 1939) but 1t 1s naturally the more severe ones that are seen
at necropsy From evidence of this kind 1t 35 estimated that nearly two
thirds of all cases of massive pulmonary embolism recover and that Jess
than a third of climcal thrombo emboli are masuve this gives a total
mortality rate of about 10 per cent

TREATMENT

Prophylaxis 1s most important and should be directed towards accelerat
1ng the venous arculation in the legs and preventing the clotting process in
bed ndden patients

Breathing exercises g Qi changes of posiion active move
ments of the legs for speaified times every dav prevention of dehydration
and hrmtation of morphine are simple logical and effectrve measures
Heart faiture should be treated quicklv and adequately Rest i bed should
never be prolonged unnecessaniv

Hepann 1s the quickest and safest but 1t 1s too expenstve
for routine prophvlactic use Tt should certamly be emploved, however as
soon as the thrombo embolic state 1s recognised for 23 per cent are multiple
{Nigaard et a! 1940-41) and not more than a quarter of cases of massne
pulmonary ¢mbohsm are fatal at the first insult (de Takats and Fowler
1945) Heparin may be gunen mtravenously mn doses of 50 mg {5 000
uruts} four to six-hourly by continuous intravenous drip mn doses of 150
to 300 mg, daify (50 to 100 mg to a pint of normal saline} or intramusen
larly combimed with 2 ml of 2 per cent procaine) 1n do es of 150 mg tice
daily Che last route 1s simple and effective Procaine prevents pam and
brussing 1s rarely serious  The dose of hepann should be regulated sa that
the clotting ume 1s mantamed at about two to three tumes the normal
(Murray and Best 1938) Pithin s menstruum (gelatin 18 per cent dextrose
8 per cent glacial acetic acrd o 5 per cent distilled water to 100 per cent)
as a vehaele for heparin 1s wsually too painful for routine use

Dicoumarol the cause of hemorrhagic sneet clover disease of cattle
(Link  1943) 35 2 cheaper and equally effective anticoagulant but s
action 15 defayed for forty eight to seventy two hours and 1t 15 more
difficult to control Ttis given by mouthin a single dose each day, beginning
with 300 mg on the first dav 200 mg on the second and 100 mg there
after until the prothrombin activity of the blood approaches the desired
fevel of 30 to 50 per cent of normal (de Takats and Fowler 1945) The
dose 15 then reduced to 50 to 100 mg  and 15 grven duily ar at less frequent
wnterals according to the prothrombin tme  § he latter must be mea ure!
datly during the first ten days of treatment then on alternate davs for the
effects of the drug cannot be accurately predicted and fatal hemorrhage
may occur following an ovcrdose Dicoumarol should be temporarsly &
d if there 1s h 12 melana or bleeding from ather sies

1
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whatever the prothrombin time Alarming hemorrhage calls for fresh
blood transfusion and repeated injections of 100 to 200 mg of vitamin k.
ntravenously (Barher ef al  1945)

In view of the delayed effect of dicoumarol hepann 1s usually given as
well duning the first forty erght to seventy two hours It 13 customary to
continue dicoumarol for a month With this treatment the post operatine
mortality rate from masstve pulmonary embolism in cases specially selected
as thrombo embolic rishs has been reduced from perhaps 5 per centto o 1
to 10 per cent (Barker et al 1045 Wright 1946)

Tromexan bis-3 3 —(4-oxycoumanmyl) ethyl acetate 1s likely to
replace dicoumarol for 1t acts more quickly and 1s easier to control the
mitial dose 1s 0 g to 12 G and the maintainance dose 031006 G daily
(Burt Wrght and hubik 1949)

Bilateral ligation of the femoral or common 1hac vems or higation of the
infertor vena cava has been recened with less enthusiasm but 1t may be
a life saving procedure where anti coagulants are contraindicated

Treatment of acute pulmonary cardopathy Relatively mild cases recover
spontaneously and require no special treatment The majority of those clin
cally recogmsed however are seriou ly 11l and require urgent attention
‘The objectives are to encourage the embolus to move on or to be packed
agatnst the wall of the vessel and to support the nght ventricle Lupavarine
1 mg intravenously has been ded but it 15 doubtful whether 1t
really dilates the main pulmonary artery or 1ts larger branches To encour
age packing the art 1s to play for time 1f the patient can be kept alive (and
every hour counts in his favour) progressive packing takes place auto
matically To this end the vital centres must be supported as the blood
pressure 1s low the patient should be nursed flat 1n order to encourage the
cerebral circulation oxygen with the flow meter adjusted to six or seven
litres per mmute should be adminustered continuously througha BL B
mask or 1f possible the patient should be nursed 1n an oxygen tent for the
arteral oxygen 1s often d h y failure may tem
poranily respond to 0 48 G of amnophylline or to 10 ml of coramine
mtravenously Until recently 1t has been assumed that venesection and
other venous pressure lowenng agents would help the right ventricle but
this 1s doubtful for the raised venous pressure may be beneficial (fig 16 06)
(Wood 1947) Strophanthin o 5to r o mg intravenously helps to support
the right ventricle

The Trendelenburg operat p of the pul y artery and
removal of the clot—is onIy posstble if a well tramed and thoroughly pre
pared surgical team 1s available and 1» only practised when the situation 15
desperate the operative mortality 1s over go per cent (Nygaard 1938) and
spomaneous recovery 1s the rule rather than the exception The first

y 1 y 1n Great Britain was reported by Ivor

Lewts in 1939
Treatment of pulmonary infarction No specific treatment 1s required for
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pulmonary infarction tself but or eptic
calls for sulphonamides or penscillin morphme may be necessary if there
1s severe pleural pain and hemorrhagic pleural effusion may need aspirat
mg 1f extensne Infarction does not contramdicate anticoagulants

PARADOMNICAL EMBOI ISM

Valvular patency of the foramen ovale 1s present 1n about a third of alt
mdniduals but the opening remains closed because the pressure m the left
aunele 1s hugher than that in the nght When the night ventricle fails how
ever the auricular pressures may be reversed the valve then opens and
blood 1s shunted from night to left This event 1s improbable mn heart
farlure secondary to mutral stenosts for the left auricular pressure remains
too high Ideal conditions are presented by acute pulmonary heart failure
due to massie pulmonary embolsm for not only 1s the nght aurtcular
pressure then raised but the left 15 lowered as 1n pulmonary stenosis and
emboli are already forthcoming Having passed through the foramen ovale
the embolus 15 carried nto the systemic circulation and may lodge in any
cerebral visceral or peripheral artery

AIR EMBOLISM

Small quantities of air may be injected 1nto the systemic venous system
of healthy subjects with httle nsk indeed about 15 ml per kg body werght
are required to lull a dog even when mjected rapidly (Wolffe and Robert
son 1935) Fatalities have occurred however when air has been accident
ally introduced into a vein duming an operation mtravenous infusion
therapeutic or diagnostic procedure The climcal features are those of
massive pulmonary embolism but m addition a loud churning sound or
millwheel murmur may be heard over the right ventricle and pulmonary
artery Death appears to result from airculatory obstruction due to air lock
1 the outflow tract of the right ventricle Treatment cons: ts of turning
the patient prone and head down to bring the outflow tract below the level
of the right ventricular cavity (Durant Long and Oppenhermer 1947)
A stmular manceuvre has proved hife saving n dogs but has not yet been
tried 1 man

FAT LMBOLISM

Globules of fat may penetrate the syst venous 1 foll
fractures usually of the femur and accldents have occasionally occurred
dunng therap or d tving the use of o1l Fat

embolism has several characteristics which help to dnstmgmah 1t from other
forms First 1t happens withun a few hours of the accident perhaps while
manipulating the injured limb under anz thesia or when moving the
patient to the . ray department Second signs of multiple systemic em

bolism usually complicate the picture owtag to the passage of fat globules
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through the pulmonary capillaries Thus there may be severe headache
drowsiness or loss of ¢ usually without localising signs mul
tiple petechial spots may appear 1 the skin red cells albumin and droplets
of ol may be found m the urme Third breathlessness and cyanoss are
associated with the development of fine crepitations over all areas of the
lungs, and skiag; show an abund:; of cotton wool shadows 1n all
zones The mortality rate 1s similar to that of other forms of massne
pulmonary embolism but those who survive recover remarkably quickly -
often within fortv eight hours

EMBOLISM DUL TO FOREIGN BODY

Metallic fragments from gun shot wounds and even bullets may enter
the circulation in rare instances Such an event should be considered if a
skiagram shows an intra thoracic foreign body when there 1s no wound of
the chest or adjacent structures An intravascular metallic foreign bodv
may remain mobile for several days and may move against the bloodstream
1f so directed by the force of gravity Surgical attempts to remove the
missile may be foiled by such behaviour An excellent example was de
scribed by Bauer (1943)

MALIGNANT EMBOI I
Cancer cells may imfiltrate the systemic venous system and be swept
wtto the Jungs n the form of cellular emboli Subacute pulmonary heart

the
Fig 16 0§—Radiological appearances oft he

du
Fig 16 07—Shwgram showing nulizry embalic lungs showing embohc secondanes
carcinomatosis of the lungs chorionep thelioma
By ¢ wrt 1y fDr Fh il p Etiman)
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disease develops 1f more than two thirds of the vessels are blocked the
chimical features resembling those of masse pulmonary embolism but
with an d onset and prog| ¢ course The diagnosis mav be
suggested by the skiagram which may show minute miliary lesions (fig
16¢7) Cases so far reported harve been due enther to carcinoma of the
stomach (Brill and Robertson 1937) or breast (Mason 1940) or to chorion
epithelioma (fig 16 08)

Subacute cor pulmonale may also be due to multiple pulmunary throm
boses secondary to pernvascular lymphatic cara (Brull
and Robertson 1937}
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CHAPTFR XVII

PULMONARY HEART DISEASE

resulting from disease of the lungs or of the pulmonary circulatton
Tt may be acutc as 1n massive pulmunary embolism subacute as in
recurrent th \i and dary car of the lungs
or chronic The acute and subacute forms hase already been discussed in

the last chapter the chronic form may be hypertensive or anoxic

PULX\IONAR\ heart disease may be defined as a disorder of the heart

HYPERTENSIVE PULMONARY HEART DISEASE

Pathogeness Pulmonary hypertension associated with sclerosis of the
pulmonary arteries 1s usuall) of unknown etiology (primary pulmonary
vascular scl or1d 1 y hypertension) but may some
times be due to penanerms (Fskelund 1943} Bilharzia (Bedford et o/
1946} recurrent pulmonary embolism (Castleman and Bland 1946) and
less certainly to other known agents

In idiopathic cases the artertal lesions reported in the literature mclude
atherosclerosis hypoplasta of the media (Gilmour and Evans 1946) great
thickening of the intima (Barrett and Cole 1946) and widespread throm
boses (Gold 1946) 1n others the pulmonary artenial tree has shown little
structural abnormality (East 1940} Earlier reports reviewed by Brenner
(1935) were similar All agree that even when lesions are gross many
vessels escape entirely and that advanced lestons may be found without
hypertrophy of the nght ventricle

Varnious hypotheses have been offered to explain these findings (1) the
arteral lestons may be due to 1diopathic pulmonary hypertension (Last
1940) (2) congenital hy poplasia of the media may lead to protectiie intimal
thichening which may initiate a victous circle by causing pulmonary hyper
tension (Gilmour and Evans 1946) (3) both pulmonary hvpertension and
the artenal lesions described may result from repeated pulmonary embolism
(Castleman and Bland 1946) It 1s probable that hypertensne pulmonary
heart disease may be caused by several different agents and that the ina
dence of 1dwopathic cases will dwindle as more are recognised

It may be noted here that the structure of the small pulmonary arteries
and artenioles suggests a passive rather than an active role thus there 15
no muscle 1n a pulmonary arteriole merely a layer or two of elastic tissue
around the endothelium 1n the small arteries (0 1 to 1 o mm 1n external
drameter) the muscular media averages only 14 per cent of the external
diameter of the vessel compared with 36 per cent m 2 systemic artery of
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the same s1ze (Brenner 1935) The question thereforc armes whether these
vessels are capable of sufficient vasoconstriction to embarrass the nght
ventricle To this may be said that it s unsound to argue about physio
logical events in terms of anatomueal structure Thus capiilanies can con
strict against ting p af by pul| y capth
fanes although they have no Rouget cells (Wearn, 1934} and thete 15 no
valid reason for supposing that small pultmonary arteries and artertoles are
not possessed of considerable contractde power It 1s knawn that they are
plted with 1ctor fibres through the svmpathetic (Bradford

wd Dean 1894) there 1s evidence that they are supphed with vasodilator
fibres also {Daly and Tuler, 1932) and they may respond by constrichion
and dilatrtion to adrenergic and chobinergic drugs respectively (Young
1939) Direct evidence of pulmenary vasoconstriction 1 man has been
obtaned recently by Motley and Cournand (1947) who demon trated a
cansiderable rise 1n pulmonary artenal pressure dunng penods of artifical
ANOXII

Incrdence ) he disease may occur m erther e and at anv age m~ludmg
childhood but 1s rare out of 100 cases of chrome pulmonary heart disease
analysed by the author only three could be classified as 1diopathic

Physiology Pulmonary hypertension of any etiology imposes a mecham
cal burden on the right ventricle and pulmonary arters just as systemic
hypertension affects the left ventricle and aorta the right sentricle hyper-
trophies and the pulmonary artery difates

Sooner or later pure night ventucular fallure deselops the cardiac putput
1s Jow and cyanosis 1s peripheral The atterral oxygen saturation remains
normal until near the end but may then fall to about 8o per cent

Chimeal features Idiopathic cases are rarely recogmsed untl far ad
vanced but evid 18 lating which the Iikelthood of &
much longer course than generally believed

The findings are usually those of pure nght ventricular fadure with
normal rhythm although aunicular flutter or fibnitation mav develop later
The jugular venous pressure 1s rased and the a  wave conspicuous
there may well be fi { tricuspid P the lcr 15 enfarged
and tender and there 1s usually dependent eedema but the lungs are dry
and there 15 10 orthopnaa Cyanosts 1s often conspicuous but 1s asseciated
with cold extremities alow cardac output a normat ot near normal arterial
oxygen saturation and a high arterto venaus oxygen difference st 15 theee
fore pertpheral not central Polycythmsa and clubbing are usually absent

The cardiac impulse 15 diffuse and right sentncular 1 quatity there may
e sy stolic hiting, 1n the third left mtercostal space aver the nght sentncular
cutflow tract There1s no foss of cardiac dullness rather the reverse a0
there are no other signs of emphysema There are usually no murmurs
unless § { pul v p deselops but the pulmonary
clement of 2 normally spht secand heart saund 1s loud and hiph preched
and presystohic gallop may be heard to the left of the sternum
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The electrocardiogram shows a pulmonars P wave and strong right
ventnicular preponderance (fig 17 o1)

Fluoroscopy reseals a promiment pulmonary artery and right ventricle
and though the proximal pulmonary vascular shadows may be heavy the
more peripheral lung fields are clear (fig 17 02) Hilar pulsation may be
seen but 1s ummpressne The night auricle 15 moderately dilated the left

Fig 170 —Skiagram showing promumence of
the pulmonary arc and 1ght entricular en
la g ment 1n a case of 1d opath ¢ pulmon tv

EX
hyp rt ns on
7| Fig 1701 ({ f)—Electrocard ogr m show ng
promnent P waves and ght ventr: ula

dom nance n a case of d opathic pulmonary
hvpertension
flat and there are no signs of emphysema Catheterisation reveals an ex
tremely high pressure 1n the nght ventricle and pulmonary artery (the
mean pulmonary artery pressure ranged between 55 and 81 mm Hg in
five cases of the author s) and no shunt
Dizgnosis The features described make a characterstic and pathogno
monic picture Pure pulmonary stenosts 1 excluded by the quality of the
second sound and by the absence of a basal thnll atnal septal defect by
lack of pulmonary plethora character of the second heart sound 1ncon
P hilar pul and 2 anoxic pul v heart
disease by the lack of emphysema obviously low cardiac output and
peripheral rather than central cyanosis mutral stenosis by the absence of
a mitrat diastolic murmur and by the flat left auricle and different P wave




464 DISEASES OF THE HEART AND CIRCULATION

Duagnostic difficulty may anse however when pulmonary hypertension
causes reversed interatrial shunt through a patent foramen oval as dis
cussed on page 24§

Prognosts The disease 15 alwavs progressne and 1s usually fatal within
two years of its recogmbion

Treatrrent "The results of treatment are poor a low sodium diet mer~
salyl digtabs, venesection and thiouracil may prolong hife but the patient
usually remains bed nidden and symptoms become increasingly difficult to
control an oxygen tent does not help

ANOXIC PULMONARY HEART DISFASE

Defimtion The anoxic type of pulmonary heart disease invanably results
from empt and depends upon the b mvaryng degree of
pulmonary hypertension and hypoxia with the emphasis on the latter

Pathogenests The essential underlying pathology 15 emphysema how
ever caused The great majority of cases are due to chrome bronehitis or
bronchial asthma relatively few to bronchiectasis silicosts other forms of
preumoconons(Grggs Coggin and Evans 1939) pulmonary tuberculosts
congemtal cvstictung orkyphoscoliosis(Chapman Dilland Graybuel, 1939)

When the vital capacity becomes seriously reduced ventiation may be
come madeguite even at rest, the arteriat oxygen saturation falls (MeMick
ael and Sharpev Schafer 1944) and the carbon diovide content of the
artertat blood rises (Tagqumi Fasciole Suarez and Chiodr 1947) Cyanoss
1s thus central m ongn and breathl may be ch 1 rather than
reflex The deficiency mn gaseous exchange tends to he compensated by an
mcrease i cardiac output {McMichael and Sharpey Schafer 1944) rather
than by polycythzmia but theressal o an ncrease in utihsation of available
ovygen At the same time the pulmonary arterial pressure nses (Bloom
field et o/ 1940) probably reflexly 2 a result of pulmonary hypoxa
(Motlev Cournand ez al  1947) Secondary structural changes in the pul
monary arteries such as atheroma and mtmal thickumng deselop <ooner
or later n mast cases and may increase the hypertension

Incrdence Anoxic pulmonary heart disease 15 much more common than
statistical evidence at present mdicates this 1s partly due to the casual
attitude often adopted towards cases of chromic bronchitis and emphy sema
and partly to the fact that such cases are not usually sent ta cardiorascular
chinics the diagnosisis not easily made without special v estigation unfess
there 15 heart faure and bronchopneumoma mav obscure the cardiac
factor termunally

The condition probably accounts for § ta 10 per cent of all cases of
organic heart disease It 1s at least five times more commeon m men thann
women and about 75 per cent of the patients are aver 50 years old (Spun
and Handler 1946)

Clirical features The patient 15 usually a man neither very old nor very
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young He commonly gives a history of bronchial asthma or of recurrent
winter bronchitis for many vears with increasing breathlessness over the
last year or two and may have sought aduice because of recent swelling
of the legs Cross exarmnation yields hittle further information he may
have had attacks of tightness 1n the chest associated with breathlessness

but not paroxysmal cardiac dyspneea he may have had substernal dis

comfort but not true angina he may prefer to be propped up a httle at
mght but usually rasses no objection to lying flat

Physteal signs Lmphysema is usuallv obvious the chest 1s distended and
mones hittle with respiration cardiac dullness 1s absent and the percusston
note 1s generally tympaninic the breath sounds are faint Central cyanosis
may be gross as tn the case discussed by Ayerza or scarcely detectable
It may be recogmsed 1n warm situatrons as 1n the conjunctive and inner
sides of the lips where 1t 1s unhikely to be confused with peripheral cyano
sis Polycythema and clubbing are rare The hands are warm capillary

! digital throbt a modified water hammer pulse and increased
pulse pressure may often be demonstrated Llevation of the jugular venous
pressure and tachycardia may confirm the impression that the cardiac out
put 1s rased  Papilloedema sometimes occurs (frontispiece)

The heart stself 1s apt to be camouflaged by over expanded lung the
apex beat 1s impalpable the left cardiac border impossible to locate by
percussion the heart sounds difficult to hear and the second sound at the
base often inaudible there are no murmurs but right sided presystolic
gallop may be heard or felt just to the left of the sternum i the fourth
tntercostal space

‘When there 1s true congestive failure the liver 1s distended and tender
and dependent cedema 15 the rule

In severe cases vasomotor collapse 15 apt to occur when some super
wmposed broncho pulmonary infection lowers the artenal oxygen saturation
relatively suddenly the blood pressure drops the pulse becomes small and
thready the cardiac output low and the shin cold and clammy the outlook
1s then very grave

The electrocardiogram Emphysema alone does not materially affect the
electrocardiogram  although 1t may cause clockwise rotatron about the
antero posterior and longitudinal axes (viewed from the front and below)
Thus there may be right aus deviation 1n standard leads an RS pattern
m lead VL a QR pattern in lead VF and an RS pattern from Vi as far
as Vs or even V6 (fig 1703) When the heart 1s exceptionally vertical
VR and VL may be mndistinguishable or bachward tilting of the apex may
cause VL to resemble an wsophageal lead from the back of the heart

In 100 cases of chronic pulmonary heart disease analysed by the author
{Wood 1947) the following electrocardiographic appearances were found
1n standard leads (fig 17 04a to )

Pulmonary P wave (fig 17 04) 85
Right aus deviation—
with T3 (and often T2) inverted (fig 17 o4a) 20
with T upright in all leads (fig 17 04b) 30
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Fig 7 04—Standard lead electrocard ographic findings i 100 cases of anowc pulmenar
eart disease

{s)} Right aces deviation wath smersion of T3 (and often T2)
(b} Right axis dessation with upnght T wates
(e} Dorunant § wate m all standard leads
{d) Tendency 10 nght sx13 deviation
(¢) Normat QRS agis
The pulmonary P wave 18 seen i all
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Promtnent S wave 1 all leads (fig 17 04¢)

Tendency to nght axis deviation (fig 17 04d) I8
Normal aws of QRS (fig 17 o4¢) 26
Rught bundle branch block 4
Low voltage 40

Multsple chest leads revesled the following
Normal QRS deflections in the majorsty (fig 17 052 and

b)
Per cent
Inversion of I from Vi-V3 (fig 17 0,¢) 13
Dormunant R wave m 3 1 with conspicuous S in 'l 5
{hg 17 05d) 16
Dominant S wave from Vi-Vs (fig 17 05€) 16

Fig 17 05—Chest lead find ngs 1n snovic pulmonary heart dis  se
(2) (b) Normal ch ¢ leads
(o) Invers on of T from V1 to V3
(d) Domunant R wave mn V1 ith consp cucus S n vy
() Domnant 5 a e from V1 to Vs

LUmipolar limb leads nearly always showed a vertical electrical posstion

Particular attention 1s drawn to the frequency and importance of the
pulmonary P wave (fig 17 06 and 17 07) In normsl controls the maximum
aurtcular deflection very rarely measures more than I § mm n amphtude
and averages 1 mm (fig 17 08) The pulmonary P wasve commonly ranges
between 2 and 3 mm 1n height but 1s never widened It 15 not seen 1n
normal vertical hearts which refutes the suggestion that 1t depends on
cardrac rotation due to emphysema It cannot be attributed to anoxia for
1 1s an early finding and tends to dunwmish 1n voltage when anoxia becomes
severe nor s 1t present in cases of severe anmuz It cannot be ascribed
to an elevated cardiac output for 1t 1s seen 1n a much less conspicuous form
i cases of thyrotoxicosts in which the cardiac output 1s considerably
tigher moreover as already mentioned P 1s of low voltaze 1n severe
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chronic anemia with outputs up to 14 litres per minute Intracardiac pres
sure studies have revealed little correlation between this P wave and the
night aunicular pressure but there appears to be some association be

wsg u1a wsa 434 new  saa 9w 94
==

of a further 16 cases of

1
anovic pulmunzry heart dise se ¢ ith normal voltage shov ng the frequency amplicude
and shape of the pulmonary P wave

tween 1t and the nght ventricular pressure Just on what such a relation
ship may depend 1s unknown

The pulmonary P wave 1s probably the earliest sign of cardiovascular
disturbance resulting from emph or at least competes in this respect
with elevation of the nght \enmcular pressure and slight reduction of the

artenal oxygen saturation 1t may develop several years before the onset of
heart failure
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(a) by
Fg 17 m) (3) (by—Skiagrams of two adanced cases of anowc pulmonarv heart disease
sha 1ng dilatation of the pulmanary arc and of the left and right branches

®
Fig 1710 (:}—nghlam riorobl que pos tion o ng thewn essed den v and diamet
of the pulmonary art 1y at ts b fu cat
(B) L frante 1or bl que posit on hewsme the 1o pulmon 1y axters form ngana  atmo t
sdnseandaslrge stheaortics h
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Fluoroscopy Promunence of the mamn branches of the pulmonary artery
at the hila with or without dilatation of the main pulmonary arc s <een
1n over 5o per cent of cases of severe emphysema (Parhinson and Hoyle
1937) but the changes are rately conspicuous until pulmonary heart disease
1s well adyanced (fig 17 og and 17 16) Associated hypertrophy of the nght
ventrele 1s less easily demonstrated

Pulsation of the pulmonary artery and its mmn branches may be seen
somepimes but does not compare with that in atral septal defect and as
a rule 18 absent Peripheral vascular markings are relatnely ummpressive
Enlirgement of the npht auncle 1s rare i the absence of fatture " he left
auricle 1s flat and a promuinence on the left border of the heart betw een the
pulmonary and left ventricular arcs ts never seen Owing to the rased
carcizc output and to the freq of d t hypertension
the sortic hnuckle 1s usually well seen and may be unduly promimnent

Finallv there may be evidence of emphysema widening of the rib spaces
elevation of the nbs and claviele depression of the duaphragm and i
creased transt y of the tung p: hyma However emphysemass not
cor pulmonale and too much should not be deduced from s presence

Spectal tnvestigations The saral capacity 1s greatly reduced and 1s usually
below 1500 ml The residual mr 1s increased proportionately the total fung
volume remamung normal Centeal cyanosts may be proved by artenal
puncture the artenal ovygen saturation 15 usually between 6o and 8o per
cent but may be much lower

The pulmonary artery and night ventnicular pressures may be measured
by means of cardiac cathetensation and are usually moderately raised but
less so than in primary pulmonary hypertenston

In 19 cases of emphysema without hight ventoicular fature Cournand snd
hus calleagues found the systolic right ventneular pressure was normal (15 to
30 mm Hg) i 5 and between 34 5 and 57 5 mm. Hg in 14 (Blooméield ef of
1946) They regard this nise as the earhest evidence of pulmonary heart disease

Cardiac outputs commonly range between § and g hitres per mnute
(McMachael and Sharpev Schafer 1944) and do ot seem to yeach the
high levals din anemia thyrotoxicosts and Jarge artero \€roUS
shunts

The nght auncular pressure tends to be rased when the casdwe autput
18 meressed and may be high 1n chimeal congesuve failure On the other
hand 1n .ome cases of emphyserna 1t 1s remarhably low the mean pressure
Being Jess than munus 10 em of sakine below the sternal angle this may
attributed to antenor displacement of the sternal angle and to an unusualfs
low ntrathoracic pressure

Diagnosis 'The usual chimeal problem 15 to deade whether the cardio
yvascular system 1s imvolved in 3 hnown case of emphysema but difficulty
may also anse 1 distinguishing pulmonary heart disease from other :mh‘oc
pathies and especially in unravelling a mixed cttology Other hy perkinety
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crreulatory states may have to be excluded particulacly ber: bert 1n alco
holies but also thyrotovicosis secondary carcinomatosts of the liver and
Paget s disease of bone tn emphysematous subjects The commonest mixed
etiology 1s the association of emphysemna and hypertension Although the
differences between hypertensive heart failure and pulmonary heart failure
are many it should be remembered that both may occur at the same time

In the stage of low blood pressure and reduced cardiac output chinical
diagnosis may be even more difficult Tovxic vasomotor collapse from
bronchopneumomia may cause confusion mutral stenosis Pick s disease
atnial septal defect mediastinal tumour masstie pulmonary embolism
and many other conditions may have to be considered The correct diag
nosis can usually be made after full mvestigation but the first climcal

f can be very msleading

Prognosts The diagnosis of chronic anoxic pulmonary heart disease
usually carnes with 1t a grave prognosis few cases surviving a year but
such diagnoses are rarely made before the onset of fallure With the newer
methods of investigation ecirculatory involvement should be recogmsed
much earlier perhaps by 5 or 10 years and appropnate treatment might
then prolong life

Treatment Vigorous preventive and symptomatic treatment of bron
chitis and asthma may delay the development of serious emphysema inde
fimtely Half hearted measures must be condemned when the ultimate fate
of these patients 1s realised

By the tume the cardrovascular system s imvolved emphysema 1s usually
far advanced A partly reversible state may be encountered however when
acute bronchitis bronchopneumonia or an asthmatic bout 1s supersmposed
on chronic changes of only moderate degree In such cases infection should
be treated promptly with pentcillin or other forms of chemotherapy and
bronchial spasm relieved by a dust free atmosphere and antispasmodics

Although details of such treatment cannot be considered 1 a work of
this kind one or two observations are necessary Morphme 1s frequently
lethal owing to its depressmg effect on respiration pethidine may quieten
a restless patient just as well 152 good antispasmodic and does not depress
respiration Subcutaneous adrenaline 1s stilt the most effective way of rehev
ing bronchial spasm newer remedies such as the antihistarune drugs
may be given tn addition but not as a substitute Isopropyl nor adrenaline
which may be administered 1n sublingual tablets 1n doses of 2o to 40 mg
15 a useful preparation  Antispasmodics that improve the cardiac output or
coronary circulation such as aminophylline may be chosen mn preference
to those that do not

Whether the case 1s complicated by infection and bronchral spasm or
not 1t 1s vitally important that the patient should be nursed 1 an oxygen
tent The effect of improving the arterial oxygen saturation 1s often dra
matic 1t prevents fatal vasomotor collapse reduces the work of the heart
and may lower the pulmonary blood pressure
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Mersalvi 2 low sodium diet and venesection should be used with
cautton Howarth McDhhichae! and Sharpey Schafer (1947) have shown
that m most cases with rased cardiac outputs the venous pressure 13
already at an optimum level and that lowering it by any means may
reduce the output and harm the patient In a2 minority however the heart
1s overloaded and then responds to such treatment in the usual way Al
though chimically 1t may not be easy to judge the physiological state of the
arrculation warm extremities and a full bounding pulse contrandicate all
venous pressure lowering agents whereas cold extremities a small pube
and low blood pressure demand them (when the venous pressure 1s raised)
When cdema 1s gross and the jugular venous pressure over 7 em saline
above the sternal angle mersahl and a low sodium diet should probably
betned Venesection 1s best avoided in all cases as 1t is too drastic and may
prove fatal it 1l judged Drgitalts or strophanthin may be used without fear
when the usual ehmcal indications are present

If after rehef of bronchial spasm and infection the vital capacity remains
ctieally fow and the artenal oxygen s below 8o per cent when the patient
15 out of the tent thiouracil should be seriously considered as a means of

ducing the ovy gen req (page 38;)

OTHER FORMS OF PUINIONARY HEART DISEASL

Averza s disease Much confusion has ansen from the use of this term
1t has been applied to cases of intense cvanosis and polycy themia assocrated
wath syphilitic or other disease of the pulmonary arteries (Bovd 1931)
Lhe facts are that Averza of Buenos Awes 1n an unpubhshed chinical
!(scmrc (1901) described a single case of heart faslure i which the pattent
bas sp cvanosed as to be almost blach—a cardiac negro Autopsy revealed
much enlargement of the right side of the heart dilatation of the broneht
and penibronehins  Neither syphilis nor the state of the pulmonary vessels
was mentioned Arnflaga (1933 1924) was perhaps chefly responsible
for stressing the syphiline ongin of such cases although other authors from
the Argentine believed the artenal Jesions to be atherosclerotic Brennet
{1935) after reviewing the evidence concluded that there was no good
reason for retaming the term Ayeiza s disease on the grounds that pub
lished cases described nothing but chrontc cor pulmonate

Pulmonary heart disease associated with defarmties of the chest Gross
Avphoscohosis accounts for perhaps 5 per cent of cases of chromg cof pU
monale T he condition 15 associated with extensn e collapse atrophy of part
of the fung and severe emphy of the der Card ular 1
volvement 1s sumifar 1n tvpe to that associated with other forms of pul
monary disease complicated by emphysema kinking of the aorta (Corns:m)
plays no part s development

The as erage age of death i these cases 1s about yoyears ) curious forr;’l

of syncope has been deserihed 1n a number (Chapman Dull and Graybie
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1939) possibly due to sudden low ering of the right auricular pressure con
sequent upon compression of the inferior vena cava in certain postures
{page 196)

Aneurysm of the pulmonary artery Aneurysm of the pulmonary artery
ss rare being found 1n less than ox per cent of all autopsies and accounting
for less than o 5 per cent of all aneurysms (Deterling and Clagett 1947)
‘The sexes are represented equally and about one third of the patients are

(@) 2 nd M rch 1944 (b) sth December 1946
Fig 17 11—Deselopment of aneurysmal d latation of the right pulmonary art 1y n a
case of anovic co pulmonale

under 30 years of age (Boyd and McGarach 1939) The etiology 1s believed
to be a congenutal defect 1n the wall of the pulmonary artery 1n about 40
per cent syphilis in 3o per cent and chronic cor pulmonale with athero
sclerotic pulmonary arteries 1 30 per cent The diagnosis may be obvious
on fluoroscopy if gross pulsatton 15 seen 1f not 1t may be proved by means
of angiocardiography (Robb and Stemnberg 1940)

In pulmonary heart disease aneurysmal dilatation may develop remark
ably quickly (fig 17 11) underlying congental neakness of the artertal
wall 1s difficult to exclude Thrombosis may occur in the sac or the whole
vessel may be occluded but apart from such a complication the aneurysm

1s unhikelv to influence the course of the prymary disease Rupture 1s very
rare
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CHAPTER \VHL
THYROTOXICOSIS AND THE HEART IN MYXCEDEMA

THYROFONIC HEART DISFASE

HE cardiovascular svstem s clearly 1avolied from the onset of

thyrotoucosts although the term thyrotoxic heart disease 1s usually

reserved for the late stage when auricular fibnilation or congestne
heart failure dominates the scene Such a distinction 1s artificial and simply
means that a young and healthy heart can maintan a igh output for vears
without distress but that an aged heart cannot

Hstorscal nate Thyrotoxic heart disease was first adequately described

by Caleb Hllier Parrv (1815 1823) of Bath, who witnessed tns first case
1786 Flajam » publication of the detatls of one case (1Ro2) appeared first
but cannot be compared with Parry s account Graves descripuion (1835)
15 also inferior Carl von Basedow (1840} 2 general practitioner at \erse
burg Germanv called special attention to exaphthalmos and drew a vivid
picture of most of the featurcs of primary exophthalmic gortre as we see it
today omuting only tremor which was later recogrused and added to the
Merseburg triad (cxophthalmos gortre and palpitations) by Prerre Mane
(1883) For further historical details the reader s reterred to the classical
monographs of Ceal Joll (1932) and of Means and Richardson (1938)

NATURF OF THYROID HORBONT

The exact p of thyroid h 1 not yet known In 1595
Baumann obtamed from thyroid tissue a protein free physiologically actne
substance containing 10 per cent of 10dine which he called rodothyin
In 18g9 Oswald showed that the active principle stored in the gland was
attached 1o a protem in the form of thyroglobulin ths 15 the chuef con
stituent of collowd hendall 1solated thyvroxine m 1915 showed that 1t con
tmned 65 per cent of todint and demonstratedats potency These sesearches
culmimated 1 the synthesis of thyroxine by Harington and Barger 1 1927

Thyroune however accounts for only 40 to so per cent of the total
10ding in the thyroid gland s relauvely msoluble and 1s not believed 0
be 1dentical with thyreid hermone The rest of the thyrosd todine 13 found
m the practically nert substance di sodotyrosine a hikelv precursor of
thyroune According to Hanngton (1933) thyroxine and d 1odotyrosine
are probablv haked with ammo acids as constituents of thyroglobulin m
collord and the natural thyrowd hormone 1» perhaps a thyrexine—contain

yng peptide
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PATHOLOGY OF GOITRE
‘The normal thyroid gland consists essentually of numerous acsnt lined
with epithellum and containing collord matenal nich m 1odine from which
thyrord hormone appears to be liberated according to the demand When
the gland 1s stinulated the epithehium assumes an active columnar form
and collord tends to disappear When there s Iittle or none left the walls
of the acint may become crenated ke any other vesicle whose contents
have been removed In this phase the gland as a whole 1s soft and vascular
and 1s not enlarged VWhen the stimulus ceases 1nvolution takes place the
epithelum flattens colloid reappears and the acimi become distended Thus
1s the resting phase and 1s characterised by a firmer less vascular gland of
somewhat larger size If the sumulus to activity 1s excessne the morpho
logical changes described above are supplemented by true hyperplasia of
the acinar epithelium and subseqy lution may be plete lead
g to permanent enlargement of the gland
Simple gottre 15 due to bemgn hvperplasta and develops when 10dmne
supplies are short or diverted especrally when thyroid demands are heavy
{Marne 1927) This response to sodine lack 1s believed by some to be
medrated by the production of excessive amounts of thyrotropic hormone
from the antersor pitutary Fndemic goitre due to lack of jodime m the
soil occurs tn New Zealand parts of Italy and North Amenca and m
many other mountainous districts or places remote from the sea Iodine
dwversion may be due to polluted water (Marine and I enhart 1910 McCar
nson 1927) Increased demands for thyroid hormone occur at puberty
«nd during pregnancy
Colloid gotre represents the resting mvoluted phase of previous benign
hyperplasia (Marnine 1930) When the sumulus subsides colloid reaccumu
lates m the acin1 1nterveming walls between distended crowded vesicles
break down to form cysts and the whole gland becomes tense and big
This process 1s innocent and causes no symptoms except possible discom
fort 1n the neck
In primary Graves disease persistent uncontrolled stimulation of the
thyroid gland of unknown cause leads to marked hyperplasia and to wild
manufacture and liberation of excessive amounts of thyroid hormone The
acinar epithelium 1s columnar and proliferated the walls of the acin
markedly crenated and the collord practically all gone The gland as a
whole 1s soft vascular .nd enlarged
Nedular goitre 15 usually regarded as the end result of repeated cycles
of hyperplaa and incomplete mvolution The process probably begins
with failure of camplete imvolution of a previously stimulated and hyper
plastic gland Subsequent stimulation leads to local hyperplasta of these
hypo luted nests and sub: lution to local nodules of collord
gottre Such a process may be repented ndefimitely Thyrotoxicosts from
nodular goitre depends chrefly upon the activty of the hyperplastic nests
the nodules themselves bemng mostly mert The term adenomatouns goitre
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15 therefore mcorrect when apphied to this type of lesion, and should be
reserved to describe those cases 1 which thyrosd nodules (usually single)
are coraposed of solid masses of cells of fatal type Compared with primary
Graves disease nodular gottre usually runs a longer and less dramatic
course, which by 1ts very nature 1s necessanly phasic pereds of actity
alternating with periads of relatine qmescence Why production of thyrard
hormone should exceed the demand 18 no more understood than st 1s 1
primary Graves disease The imphcation of the anterior prtuttary thvro
tropic hormone may explan part of the mechanism but m no way solves
the problem

Physwology of the cxrcidation under the snfluerce of thyroun  The admims
tration of thyroxin to man and mammats 15 followed after 4 time lag of
several davs by an appreciable rise in the basal metabolic rate The 1
creased oxygen requirement is met by elevation of the cardiac output not
by greater utithsation of available oxygen (as occurs when the BMR 15
rassed by dimitrocresol) nor by polycytheerma The ngh minute output 1s
mamnramed more by tachycardia than by a rased venous pressure the
stroke volume heing but httle increased (Friedberg and Sohval, 1937) The
strength of carduic contraction 15 probably enhanced These effects are
usually attrihuted to the direct action of thyrexine on the heart

At the same tune the penipheral blood flow 15 greatly increased there 1s
obvious vasodilatation in the skin, and adrenergic responses are magnthed

Morbid anatory of the thyrotoxic heart "There 2re no macroscopic changes
10 the thy rotoxic heart prior to the onset of auncular fibniilation and fatture
until then the heart weight remains normal Cases exhibiting cardiac em
barrassment dunng hfe may stll show hittle at necropsy except some
increase in heart weight and evidence of congestve failure (kepler and
Barnes 1932) Inafew however there are scattered foe of fibrosis (Rahe
and \Icf achearn 1932}

CLINICAL FEATURES

The hyperbinenic circulation of primary Graves disease 1s usually » ell
tolerated because the subjects are young but m muddle aged or elderly
people wath tevuc nodular gottre cardiac embarrassment 1s the rule The
sex ratto favours women i the proportion of about 6 1 (Fraser and Dun
hull 1934) A famuly hustory of goitre 1s found 15 45 per cent of cases (Bruun
1945) Contnbutory factors include pregnancy the o fi
{such as lhtis} and perhaps 1 shock although the scarcity of
thyrotoxicosss amongst active service casualties 1n the first two world wars
was noteworthy The role of 10dine has already been discussed

Of the symptoms loss of weight, heatintolerance agitation or restless
ness palpitations and fatgue are the most important Loss of weight 25
socated with a voracious appetite 15 particularly suggestive Falpitanons
may be due to vigorous and rapid action of the heart or to paroxysmal
aurscular fibnillation the latter 15 especially sigmficant
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Whilst the symptoms themselves are important the manner m which
they are told and the general behaviour and appearance of the patient are
often more so The subject 1s usually a woman she 1s commonly thin and
taths quickly often gesticulating to lend emphass to her remarks She may
wear a scarf to hide an unsightly swelling in her neck but her clothing 15
otherwise ight One of Parry s patients liked to sit 1n a draught stripped to
the waist 1n order to heep cool (Parry 1815} A good moment to look for
the gostre 1s towards the beginning of the mterview when the patient mav
lean forward in her chatr and swallow once or twice 1n nervousness The
eyes are charactenstic not so much because of exophthalmos which 1s
usually absent but because of their typical stare The trend of the patient s
conversation s often 1l and n sharp contrast to that of the
anxlet) neurotic The latter complains of symptom after symptom mn a

fashion e mg their seventy and stressing fus mabality
to cope with them The thyrotoxic patient tries to explamn away her symp
toms she feels the heat but of course 1t has been very warm recently she
1s Jostng weight but she supposes she was too fat before she gets tired and
irnitable but she knows she tries to do too much and so on

Phystcal examination may reveal a wealth of signs which are all directly
or indirectly attributable to excess of thyrord hormone except exophthal
mos and goitre They may be suitably described under four main headings

1 The eyes Exophthalmos may be present (fi, 1801) but 1s uncom
mon 1n toxic nodular goitre It 1s occasionally unilaterat (hg 18 02) Arti
ficial glass eyes may also become proptosed Its mechanism s still a subject
of controversy (Zondek and Ticho 1945) but exophthalmos 1s certamnly
not due to sympathetic stmulation for 1t 15 not relieved by sympathectomy
(Shaw 19.9) nor 1s 1t due to excess of thyrord hormone which never
reproduces 1t Moreover evophthalmos occasionally becomes more marhed
after thyrod ort mth th 1 In severe cases of exoph
thalmic ophthal 1 and exophthal thyrotoxicosis may
be mnmal and the protruston of the eye ball appears to be secondary to
intense cedema of the orbital contents (Brain and Turnbull 1938) Of great
interest 15 the exophthalmos that can be produced in gumea pigs (also in
rabbits and fish but not so far 1n man) by mjecting thyrotroprc hormone
espectally 1f the thyroid gland 1s first removed (Marme and Rosen 1933)
All these facts point to the likelihood of the piturtary being directly respon
stble and provide further evidence that thy rotowicests may depend upon a
primary pituitary disorder

Retractson of the upper lid (fig 18 03) revealing the white sclerotic above
the s (Dalrymple s sign) which may be unilateral s also uncommon 1n
touc nodular gortre It should be distinguished from exophthalmos which
reveals the white sclerotic below the s by mechanically displacing the
lower hid (Pochin 1937-8)

If the patient looks up and then lowers the eyes to watch a descending

object the upper lid lags behind the movement of the eye ball revealing
XK




EFig 18 or—Exophthalmic  gotre
The first photograph (a) (in gipsy
dress) was taken 1n 1933 the second
(b n 1936 The whte sclerotics are
seen below the 1m1s due to mechanscal
displacement of the lower Iid



Fic 18 02—Un Jateral Iid_etr cton and ophthalmos



Fig 18 03~~Lud retraction and characteristic thyrotoxic stare
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the white sclerotic above the 1r1s (von Graefe 1864) Lid lagand lid retrac
tion were for a long time attributed to sumulation of the sympathetic rein
forcement of the levator palpabre supertonis {(von Graefe 1864) butif sym
pathetic sumulation were responsible the lower Iid would also be retracted
which 1t 18 not (Pochin 1937-8 1939) Moreover both exophthalmos and
Iid retraction may occur when the ocular sympathetic 1s paralysed (Brain
1939) In the hight of these findings von Graefe s hypothesis 15 untenable

The charactenistic stare has already been menttoned It 15 more than
Iid retraction and mfrequent blinking (Stellwag  sign) it 1s a look which
may occur independently and which can be recognised with experience
The other eye signs of the textbooks are less important fatlure to wrinkle
the forehead when the eyes are cast up (Joffroy s sign) may depend upon
Iid retraction and exophthalmos divergent strabismus as the eyes focus
on an approaching object (Moebius sign) may be due to weakness of the
oculomotor muscles as a result of stretching

2 The hands The hands are warm pmk and slightly moist on both
surfaces they are restless and expressive and may show a fine even con
stant tremor In contrast the hands of a psychoneurotic are cold and
clammy being wet on the palms but not at the back they tend to be nert
and expresstonless tremor 1s coarse 1rregular and mconstant

3 Thegortre If a goitre 1s not
seen 1t may be discovered by
palpation It s best to stand be
hind the patient and to place
the thumbs behind the sterno
mastords and the fingers m
front On ashing the patient to
swallow a nodular swelling may
be felt moving upwards Pos
tertor enlargement may be
detected readily with this tech
nique Practically all cases of
thyrotoucosis have 2 goitre
Fig 18 04—Subste nal gotre re eal ¢ by although 1t 15 ometimes diffi

Nrys cult to demonstrate (so called
mashed hyperthyroidism) In such instances it may become more con
vinemg after a course of Lugol s iodine Occastonally 1t 15 ubsternal and
may be revealed by fluoroscopy (fig 18 04)

The gortre of thyrotoxic heart disease 1 commonly nodular irregular
and asymmetrical It may displace the trachea to one side .nd the common
carotid artery to the other and on rare occastons 1t may compress the tra
chea causing cough dyspnea and stridor Sudden enlargement 15 usually
due to hamorrhage within a nodule or «yst Degenerated nodules may be
come calaified

Primary exophthatmic gottres are unitormly enlarged smooth and fleshy
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Chey are similar to simple hyperplastic gortres, but more vascular Some
times an arteriovenous continuous thrill and murmur may be detected over
the gland Colloid goitres are also smooth and symmetrical but they are
harder and asarule larger Aftera course of odine primary exophthalmic
goitre may feel like colloid goitre Nodular goitre should be distngumished
from other causes of thyreid enlar,ement and from other swellings n the
neck
Feetal adenoma (Wolfler 1883) whether regarded as a true neoplasm
arising 1n nests of embryonic epithelial cells or as an ordmary hyperplastic
nodule 1n which the vesicles are unusually small and devoid of colloid (Joll
1932) presents chmically 2s a irm smooth single tumour withm the sub
stance of the thyroid gland It 1s usually mnocent
What were believed to have been malignant changes v ere found by Wilson
(1921) and by Speese and Brown (1921) 1n about § per cent of zll goitres
that were surgically removed but their histological critena have been dis
puted and the true incidence of malignancy 1s probably lower In non
toxic goutres 1t may be between 1 and 4 per cent (Lerman 1944) butin
toxic nodular goitre 1t 1s extremely rare  Thus Means (1937) sard he had not
seen a single case and Crle (1936) met no tstance of toxicity amongst
249 malig cases Malig 'y should be susp d when a gostre grows
rapidly becomes unduly hard causes dysphagia involves the recurrent
laryngeal nerve surrounds and buries the common carotid artery obstructs
the internal jugular vem causes pain by 1nvolving adjacent sensory nesves
o1 when fixation can be demonstrated Lnlargement of neighbourtng cer
sieal Iymph glands 1s particularly suggestrve Metastases are found espe
cually n the lungs and n bone
Rtedel 5 disease (Riedel 1896) may be readily confused with malignant
disease clinically It 1s characterised by a brawny mduratson of part or all
of the thyroid gland sometimes 1nvolsing surrounding tissues It 15 a slow
fibrotic process of unknown etiology affecting indviduals of erther sex and
of any age Pan dyspnea dysphagia huskiness of the voice and obstruc
tion of netghbouring ves els occur and the gland 1» soon fived but lymph
nodes are not enlarged and thy rotoxic symptoms are unusual
Lymphadenord gortre (Hashimoto s disease) 1s seen particularly in women
over the age of 45 The whole gland 1s mvolved from the start surround
ing structures ate not affected and my xeedema usually develops (Joll 1932)
N pically acmnar r are d among masses of Iymphoid
tissue
dcute thyroditis may complicate a varsety of infections but 1s rare It
may be suppurative or non suppuratne according to the nature of the 12
vading orgamism and to the severity of the attack Chincally 1t 15 charac
terised by a panful tender uniform swelling of the gland accompanted by
fever Cellulitis with or without suppuration may 1mvade surrounding tis
sues Thyrotouic symptoms may be assoctated but usually subside with
the inflammation
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Thyroglossal cyst 1s essentially a mmd hne structure deseloping from
remnants of the thyroglossal duct and moves upwards when the tongue
1s protruded It 1s of cosmetic rather than medical sigmificance

4 Cardiovascular signs Vasodilatation n the shin and muscle 15 nearly
always present and mav be recognised by hot extremities throbbing digital
vessels capillary pulsation modified water hammer pulse and raised pulse
pressure Tachycardia 1s the rule and persists duning sleep (Boas 1932)
The action of the heart 1s vigorous the cardiac impulse being forceful and
displaced a little to the left and the heart sounds slapping A systohe mur
mur may be heard at apex or base and a thnill may be felt on compressing
the carotid or subclavian artery Rarely a functional mtral diastolic mur
mur may be heard

Auricular fibnllation may be imtiated by overdosage of thyroxine in
patients with normal hearts It occurs 1n 10 per cent of all cases of thyro
tovicosts and 1n 84 to 96 per
cent of those with cardiac fail
ure and may be paroxysmal or
persistent It 15 rare m young
subjects but becomes progress
nely frequent with advancing
years Durning attacks the ventn
cular rate 1s apt to be very fast
and the patient may complain
of violent palpitations

Cardiac enlargement and fail
ure are also relatively late devel
opments and are unusual with
normal rhythm but often follow
the onset of auricular fibnlla
uon Congestion 15 systemic
rather than pulmonary An
appreciable proportion of such
cases {over 50 per cent according

. to Magee and Smuth 1935) are

DR 1S5S, hneseht o complicated by hypertension or

pulmonary arc . case of thyrotox: osts other forms of heart disease

N rays may show shght

promunence of both the aortic knuckle and left pulmanary are (Parkinson

and Cookson 1931) and general fullness of all chambers probably due to

the high cardiac output (fig 18 o5) The electrocardiogram may be withm

normal limuts unless 1t shows auricular fibrillation or the voltage of P and
QRS may be augmented (fig 18 o6)

5 Other and less constant features Neuralogical signs are rare they in
clude exophthal phthaimopl, and myasthenia—: resem
bling myasthema gravis but not responding to prostigmine Curious
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patches of local myvedema occansonally secur on the legs Rotlonychia has
been descnibed and the shin may be unduly pigmented

Decalarfication of bone 1s not uncommon a negative caleium and nitro
gen balance m3y be demonstrated the blood cholesterol may be rather
low sugar tolerance may be reduced and impasrment of hepatic function
has been reported
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Fig 18 ob~Electrocalfiogramy (all lead 2) showing relataely hegh voltage P and QRS
& €510 6 cases of thyratox cosis After trestment wsth theauracil the voftage falls ¢on
aderably The BMR ¢ recorded under each recosd

SPECIAL INVESTIGATIONS

1 The basal metabolic yate (BN R} ntroduced by Magnus Levy w
18y has prosed a useful guide to the degree of hyperthyrordism and 1s 2
measurement of the amount of oxygen consumed by the patient per ruinute
when at complete rest 1e fourteen hours after the last meal 2ad after
fymg down undwsturbed for at least half an hour The patient breathes
and out of a closed system contmmng equal proportions of air and oXyEEN
for ten munutes carbon donde bewrg removed by means of soda hme the
amount of gas disappeartng from the system represents the total amount of
oxygen consumed This 15 then recorded i terms of oxygen consumption
per square metre of body surface per munute and expressed as a percentage
of what a normal person of the sawie age and sex would require In thyro
toxicosis the B M R commonly ranges between plus 1o and plus 8o per
cent Read s formula for estimating the B VM R by the pulse rate and pulse
pressure 18 unrefable and worth nie mare than the know ledge that the com
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bination of tachycardia and a bounding pulse suggest a raised cardiac out
put (Read s formula1s B M R equals § {pulse rate plus § pulse pressure]
minus 72 )

It should be understood that a single B M R of plus 20 per cent does not
necessanly mean that the disease 1s milder than one witha BM R of plus
40 per cent for the course of thyvrotoxicosis ts vanable Senal readings may
gne a truer picture of the degree of activity  Another important pomt 1
that aunicular fibnllation and heart failure are more often associated with
Tow grade actiity acting over a long period of ume than with acute thyro
tovcosts so that the level of the BM R 1s no guide to the degree of cardiac
disability

‘The BM R 1s more difficult to interpret when measured for diagnostic
purposes but if 1t 1s below plus 10 per cent thyro oxicosts ts improbablc
High readings however mav be due to faulty basal conditions or to other
causes such as leuhzerma and relatively high readings may be obtaned 1n
congestive heart failure of any etiology

2 The adminstration of 10 mumms (0 6 m!) of Lugol s 1odine three times
daily for a weeh or ten days may be used as a test for hyperthyroidism 1
two ways (1) to ee whether it unmasks a goitre for a hvperplastic gland
enlarges and hardens under 1ts mfluence (2) to determune 1ts effect on the
sleeping pulse body weight and BAM R for these are beneficially 1n
fluenced 1n thyvrotoxic cases but not when the B M R 1s raised from other
<auses

3 Measurements of the cardiac output perspheral blood flowe and cireula
tion trme provide valuable data Outputs of 6 to 12 htres per mnute are
usual and are correlated more with the heart rate than with the venous
filing pressure When the heart fals the output drops usually to sub
normal levels The fore arm blood flow 1s 1nvaniably increased and usually
remamns so when the cardiac output falls as a result of failure moreover
the augmented flow does not subside for several weeks after the BA R

has been restored to normal by means of thyroidectomy or thiouracil ther
apy (Howarth 1948) Circulation tumes under 10 seconds are charactenistic
{Goldberg 1938) and may remain well within normal limuts when there 15
systemic congestion

"The demonstration of a high cardiac output at rest places a case m the
hyperkinetic group the differential dragnosts then includes ses ere anzemra
anoxi¢ cor pulmonale arterio venous aneurysm Paget s disease of bone
secondary carcinoma involving the hver or other serious hepatic disorders
and ber1 beri The majonty of these can be recognied or excluded at once
on chnical grounds

4 Unnary creatine test Up to 0o mg of creatme may be excreted daily
m the urme by normal women and children 1n an irreguler manner but
very httle 1f any by ngrmal men Excessive creatinuna occurs during

gnancy and may appear 1n the unne of either sex
n fesers wasting diseases and certain muscular dystrophies
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Most thyrotoic subjects excrete an excess of creatrmne (Sohsal, king and
Remner 1938) and its detectton may be used as a diagnostic test 1f the
above constderations are borne 1 mind Thyroid responsibility mav be
proved by the disappearance of creatinuria withmn ten days of first giving
1odine or thiouracil treatment (fig 18 07) (Schrire 1938) On the other

10
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CASE OF THYROTOXICOSIS

Fig 18 o7—Effect of thiouracil on the excretion of creatine-in the urine

URINARY CREATINE (G n 24 hrs)

hand absence of creatinunia does not exclude thyrotovic heart disease for
such cases are apt to be associated with low grade tovicity acting over 2
long period of ume rather than with a high degree of hyperths roidism and
creatine excretron may be well within normal Imts

5 Electrocardiography may reveal abnormally high voltage of P and
QRS (fig 18 o) as previously stated It may also be of value m proving
the nature of an 1rregulanity of rhythm or i excluding certain other causes
of a hyperhinetic circulation (e g pulmonary heart disease and anemia)

6 Radio actine tracer 1odme may be used to estimate the rate at which 1t
enters and leaves the gland (heatung et al  1945) In thyrotoucosis 10dine
1s concentrated 1n the gland more quickly and m greater degree than 1
normal controls and the excretion of 1odine 1n the unne (after a test dose)
13 retarded A Geiger counter 1s placed on the nech to detect the arfrval
and concentration of tracer todme 1n the thyroid and a hquid counter 13
used to detect st 1n the urine These tests are promusing and may become
of senvice to the clinicran

TREATMENT

The most satisfactory method of treating thyrotoxic heart discase 1§
subtotal thyroidectomy as developed by Dunhill (1908 1929 1937) The
best results are obtaned when physician and surgeon work n the closest



THYROTOXICOSIS AND THE HEART IN MYXGDEMA 491

harmony, success depending as much upon the shill and judgment of the
physicran as upon the expentence and dexterity of the surgeon (Fraser and
Dunhill 1934) adequate premedication being all important

The patient should be put to bed and fed on a hberal and nounishtng
diet The addition of 5 to 10 mg of aneunn daly may be helpful on the
grounds that an abundant supply of this vitarmin 1s needed for the increased
carbohy drate metabelism Fatigue and weakness may respond to go mg
of pyndoxine daily (Soshin and Levine 1944) Phenobarbitone 1 a gramn
(32mg)tds orpotassum bromide rogramns (064 G)tds mavalsobe
prescribed with benefit and a nocturnal sedatise 1s usually necessary

Duning this preliminary stage of treatment which usually induces some
remission of symptoms the degree of thyrotoxicosis may be assessed clim
cally and by means of the special tests detailed above Iodine may then be
gwen by mouth 1n doses of 10 mnims (o 6 ml ) of Lugol s solution three
times daily preferably in mulk Within ten days there 1s usually marked
improsement the pulse rate falls the BM R 1s lowered and the patrent
feels better (Waller 1914 Plummer 1923) The moment for operation 1s
usually ten to fourteen days after beginning 1odine If however the patient
1s not ready at that time there should be no hesitation tn postponing 1t
but the dose of 10dine should then be reduced to y muums (0 3 mt ) three
times a day (I'raser and Dunhill 193.4)

‘The ntroduction of thiouracil by Astwood (1943) followimg the dis
covery by the Mackenzies (1941) that the ad| 10n of sulph d
to rats caused thyroid hyperplasia and reduction of colloid has proved an
wmportant therapeutic advance Thyrotd hyperplasia was attributed to n
creased production of thyrotropic hormone by the antenor prtutary i an

d to comp for defi of thyro:d hormone brought about
by sulphaguarudine Astwood found that many substances had a similar
effect including all the sulph d t acid thiourea and
1ts compounds and that of these thiouracil offered the best prospects
bemng potent and relatively non toxic It 1s held that thiouracil and the
other substances mentioned act by mterfering wath the union of 1odine and
tyrosine and so prevent the formation of di 10dotyrosine a known precursor
of thyroxine (Riker and Wescoe 1945) The histological appearance of the
thyroid gland under their influence resembles the hyperplastic gland of
1odine deficiency

Extensive trials have established the dosage touc effects and early re
sults of thiouracil treatment on firm ground (Astwood 1944 Walliams
1944) Reduction of the BM R and amelioration of all symptoms except
exophthalmos and those due to pressure from the goitre are obtamed
whether the hyperthyroidism 1s due to primary Graves disease or to tovic
nodular goitre The usual dose 1s 02 G of thiouracil twice daily for
about three weeks or until the available evidence suggests that the pro
duction of thyrotd hormone has been reduced to normat levels During
this stage the white blood cells may be counted weekly and the pattent 1s
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best confined to bed in hospital If medical treatment 1s continued the
dose 1s then reduced to 02 G daily for a month or so, and the patient
1> allowed to resume her normal activities Next the mamtenance dose 1s
discovered by trial and error 1t vanes considerably from case to case but
1s of the order of 005 to 02 G daily According to Himsworth (1948)
equally good results are obtamed when the mmtial dose ss only 200 mg
datly, and the maintenance dose 50 to 100 mg Himsworth claims that the
results of thiouracil therapy are as good as those of subtotal thyrordectomy
and that medical treatment should therefore be preferred because the mor
tality rate 1s lower Auncular fibnllatton may revert to normal rhythm
spontaneously with thiouracil treatment or normal rhythm may be restored
by means of quinidine ‘Treatment should be contmued for at least twelve
months 1f medrcal cure 1s desired but even then 33 to 50 per cent of cases
relapse when the drug 1s withdrawn (Himsworth 1948 Willtams 1946)

Signs and symptoms of myscedema may develop if too much throuracil
13 gnen but soon disappear when the dose 1s reduced Toxic reactions
occur m 13 per cent of cases (Van Winkle 1946) usually during the first
three weeks and include nausea and vomuting sulphonamide Ihe rashes
fever agranulocvtosis purpura and adenopathy The most serious of these
15 agranulocy tosts (1 to 2 per cent) which should be treated promptly with
penicilhin pentnucleotide Iiver evtract and perhaps blood transfusion
thiouracil being abandoned An uncontrollable heemorrhagic state ending
1 renal failure was the cause of death 1n one case known to the author The
mortahity rate has been about o 5 per cent (Moore 1946) but may be less
now that physicians are more expertenced 1n using the drug Aminothrazol
02to08 G daly (Perrault 1946) has been used widely 1n France but
has little advantage over thiouracil Methyl thiouracd 1n stmular doses 15
less toic and propy! thiouracil least vo both are as potent as thiouracil
(Astwood and VanderLaan 194s5)

In view of the high relapse rate on d g thiouracil
and because the operatsve nisk and difficulties may then be greater owing
to the mcreased vasculanity of the gland most worhers favour the drug
mainly as a prelimmary to partul thyroidectomy Moreover thiouractl has
not replaced 1odine 1n ths respect for the subsequent admunistratton of
Lugol s solution ts found to dimmsh the vascularty of the gland and <o to
facilitate the operatton (Means 1946) Agamn 1n most cases of primary
Graves disease pre operatine 10dine 1s so satisfactory that thiouracil
hardly justified But in severely toxtc cases and 1n most mstances of toc
nodular goitre with or without cardiac embarrassment thiouracil 1s supertor
to 1odine They may be given together with advantage 1n doses of 0 1 G-
02 G of methy! ar propyl thiouracil and § minims (o 3 ml ) of Lugols
10dine three times datly Symptoms should be controlled wthin two weeks
Subtotal thyrordectomy may then be carrted out when conventent there 1s
no urgency as there 1s when 10dmne 15 used alone because patients do not
relapse while tabing sufficient thiouracil
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Cardiac complicattons do not contraind partial thyrord {Dun
hull 1937) More careful preparation however 15 needed aurncular fibril
lation must be controlled and heart faillure relieved before 1t 15 safe to
operate but normal rhythm should not be deliberately restored at this
stage

The post op pl has been paroxysmal aun
cular fibrllation with rapid ventncular rate but thuis may be less frequent
if the patient 1s prepared with thiouractl It should nat occasion undue
alarm for the rhythm usually reverts spontaneously to normal within 48
hours 1f auncutar fibnilation persists however whether previously well
established or of recent onset every effort shauld be made to restore normal
rhythm by means of qummidine before the patient leaves hospital (se¢ page
149) The nisk of embolism 1s shght perhaps because the hyperhinetic
crculation lessens the chance of venous thrombosis

More recently attempts have been made to treat toxic goitre with a
combination of thiouracil and thyroxin It has been pointed out that exoph
thalmos and the size and vasculanty of the goitre may be ncreased by
thiouracil and have been attributed to the liberation of increased quantities
of thyrotropic substance owing to defictency of thyrord hormone Although
hyperthyrordism obviously cannot result from this thyrotropic activity
proper cure of the disease may well be frustrated by 1ts presence Moreover
the vasculanty of the gland may become so great that 1t mav function as
an arteriovenous aneurysm and so maintamn the hyperlinetic arculation
thiouracil was meant to relieve A continuous thrill and loud machiery
murmur may then be apprecrated over the gland In one such case mvestt
gated by Wyndham and the author admuttedly the result of overdosage
the resting cardiac output was twelse litres per mmute But 1f 2 mainten
ance dose of thyroid (1 to 3 grams or 60 to 180 mg daily) 1s given n con
Jyunction with thiouracil pitutary hyper actwvity may be prevented or may
subside 1f already present (Willtams and Bissell 1943) It 1s possible that
medical cure may be more readily achieved along these lines

Three other methods of treatment may be mentioned 1 X ray therapy
18 curative 1n about a third results 1n some ymprovement i 2 third and 15
without benefit 1n the remamder (Means and Holmes 1923) It may be
useful 1 thiouracil sensitive subjects who refuse operation 2 Pututary
wrradiation has been tried with imited success (Thompson and Thompson

1944) but not very widelv Interference with other prtuitary functions 15
the obvious disadvantage evem 1if greater antithyrotropic success were
achieved 3 Prelimunary reports on treatment with radio active 10dine have
been favourable (Hertz and Roberts 1942-6) As the substance 1s largely
concentrated 1n the thyroid gland the wrradiation effect 1s considerable
but the difficulty in gauging the correct dose and the danger of exciting
malignant changes in the gland are possible drawbacks

Thyzrotonic erses Owing to the imposstbility of neutralising thyroid hor

mone that has already been manufactured both 1odine and thiouracil do
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not beneht the pinent for several days (graphs ilustraung the effect of
pirtal thyrad 3 sodine and th 1 on the basal metabolic rate are
remarkably siomlar) The treatment of thyrotoxic enses by massn e doses of
1odine (by mouth or intravenoush j as advocated by Boland and hepler
(1938) for example s therefore g ble Absolute rest heavy seda
tion and replacement of salt and water lost i sweating and somting, are
probably more important Aneurm, 100 mg ntravenousty m1y alo help

1f toxsc gortre 1s vecogns ed and treated promptly howeser crises should
N0t OTCUr

Thyrotocous and Cases are d m which an attach
ar repeated attacks of thtis are d with thyrotoxicasts The
problem then arises whether to perform partal thy roidectomy or tonsiflec
tomey first Before the intro
duction  of thiouracil most
authorities agreed that it was
safer to remove the thyroid
gland before the tonss for
tonsiffectorny 1 thyrotoc
p:mtms sometimes pl’ﬁClpl[ﬂlEd
a ensis Thiouraait has simph
fied the problem howevtr and
allows  tonsllectomy  ta  be
undertaken Brst without nish

Ihvrotoicons and rhewmatie
heart  disease Thyrotoxicosis
may be sseociated with acute
rheumatic carditis or with estab
lished rheumanc vahe festons
Both Parry’s and Basedwi s
Brst cases were so related The
assocition f more than a
comadence 15 tndirect  and
may depend upon therr jont  Lig 18 08—Ske aram showmy yross corduc
rel d o str 1 n a case of thyrotoniesis plus

T otral stena 1s

tonsillitts  [reatment amms ot
partial thyrmdectomy as soon as the rheumatic state allows it Rheomatc
heart disease with fived valve lestons may result 1n enormous enlargement
of the heant owmg to the excessine work nduced by thyrotoncosts (fir,
1808) and the sooner the latter s treated the better Total thyrod
ablation however 13 not indrcated

Tl rotovicosts and hypertensson "There 15 g group of cases somehmes
designated thyrotoxic hypertension 1n which thyvrotoxscosss 1s assoctated
with ugh blood pressure both systohic and dustelic levels beng raised
There 1s litle evrdence of any ditect relatianshup between the two discases
and theblood pressure docs nat falt fallowing thyrordectams (Thisgard 19,9)
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Thyrotovicosts and angina pectorrs Ischzemic heart pain occurs when the
blood supply to the myocardium 1s insufficient to meet the demand By
mcreasing the demand thyrotoxicosis may snduce angina in a patient with
a relatively munor degree of coronany atheroscleross behaving 1 this
respect like anemia  Thyroid hormone also sensitises the organism to
adrenalin When 1schemic and hyvrotovic heart disease are associated sub
total thyroidectomy necd not be withheld on the grounds of undue nsh
for the operation may be followed by many years of normal hfe before
angina again makes its appearance

Thyrotovicosts and pregnancy Thyrotocosss developing dunng preg,
nancy may be due to pnmany exophthalmic or nodular goitre With the
aid of throuractl 1n combination with small doses of 10dine or thyroid
Ppatients should be taken safely to term If the condition does not then
subside subtotal thyroidectomy may be carnied out The danger of goitre
developing 1n the feetus 15 mumimised by the todime (or thyroid) but 1t s

well to heep the dose of thiouracil as small as possible (not more than o -
G daly)

PROGAOSIS

There are few forms of heart discase that respond better to adequate
treatment than thy rotoxic heart disease Cases with gross congestive failure
and well established aurscular fibnllation may be cured and the largest
hearts may resume their normal stze (fig 18 0g) On the other hand heart
failure and death are inevitable if the disease remains unchecked In the

Fig 1809 {a)—Thy tox ¢ he rt failure (b}—After subtotal thyroidectomy
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hands of the best surgeons the mortahity rate of subtotal thyraidectomy 1n
cases of toee nodutar goitre has been 1 6 per cent {Cole 1944) o 2 6 per
cent (Dunhsll 1937) but it may be less with thiouracil preparanon No
rehable figures are avarlable upon which to assess the total relapse rate
Post operative tetany and paralysis of the vocal cord each occurs in approvt
mately 1 per cent (Means 1946)

According to Himsworth (1648) therc 1823 1 chance m favour of a
permanent r n with th

THE HEART IN MYMNGEDEMA

Artifienal myveedema produced b) total ablation of the thyroxd gland or
by thiouracd benefits the heart by } g the ds and
50 refieves angma pectons and congestive hean faldure Yet welf developed
myxeedema from natural causes gives rise to cardiac enlargement pen
cardial effusion and ultimately to congestue heart faure moreover angma
pectonis may be asseciated Enlargement cannot be due to overwork 1t
must depend upon some mtrinsie change sn the heart muscle Histological
exarumation however s usually disappomnting The fault 1s probably bia
chernieal and 1s unkkely to be propesly understood untl studses 1 tissue
cherustry are more advanced

The diagnosns of myvedema 1s suggested by the placid sleepy character
(unless there 15 manic psychosis) poor memary sensttwvity to cold (Ray
naud s phenomenen s comman) dry coarse shin thichened lipsand tongue
low thick vowee baggy eyes scanty dry harr podgy hands supraclavicular
pads of fat and general pailor It 15 confirmed by an smpalpable thyrord
ghand by a BN R of minus 30 to 40 per cent, by prolongation of the arm
1o tongue ctrculation time to 19 to 25 seconds by 2 hugh bloed cholesterol
of 300 to 400 mg per cent by refative imsensitivsty to atropne and adrena
Iine by a charactessstic form of anzmma and by a pathognomone electro
cardiogram

The type of anzmua which responds to thyroxme alone 1s narmocytic
and orthochromsc and may be regarded as a compensatory adjustment to
dimsnished oxypen requirement (Bomford 1938) The electrocardiogram
shows smus bradycardia low voltage auncular and ventricular compleves
and flat or mverted T waves n all leads {fig 18 10) The cause of these
changes 15 not yet understood they do not depend upon the presence of
pencardial effusion nor upen the state of the subcutaneous \1ssues Ihc
response to thyroxne 1s quick and p an
changes i the BN R The electracardiogram sn cretinism behayes sims
tarly (fig 15 11)

Whalst 2 well developed cose of myxcedema 13 difficult to overlook {fig
18 12) cases of short duration especially sn younger women {the sex nct
dences 8 1 favour of nemen) may easily escape notice The diagnosit
shauld be considered m any case of congestive heart failure ar of pert




THYROIONICOSIS AND THE HEART IN MYXG DEMA 497

Fig 18 10 (R)—Electrocardiogram sho ing s nus bradycardia low 1oltage aur cular and
ventricular complexes and flat T a es i all leads 1 a case of myxedema
“Normal electrocard: gram after treatment

cardial eflusion of unknown etiology Conge tion when 1t occurs 1s 838
temic and 1s associated with a low cardiac output Pencardial effusion 1s
due to simple t it Cardiac enl 1s general (fig 18 13)
and pulsation of all chambers 1s poor Angina pectorss 1s said to occur in
1 10 2 per cent of cases (Smyth 1938) but 1s probably more frequent
Coronary atherosclerosis may result from the high blood cholesterol

BMR -27/

Fg 18 11—Flect oca diogram before and after treatment m a case of cretin sm

Myocardral infarction without coronary thrombosis has been described 1n
such cases when treated too vigerously with thyroune The blood pressure
1s Iittle influenced by my<ceedema and 1s as often elevated as low When
congestive failure 13 present measurements of the B M R give unduly high
readings more rehiance should then be placed on other tests espectally on
the electmcardmgmm

n
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Treatment 1f there 1s no evidence of coronary disease thyroune man he
given mtra enoushy 1n a single dose of 10 mg - or thyrord may be civen by
mouh n dose of 3 grams {02 G) dady The response i delayed bt
dramatie Wathin five to ten davs the B M R nises the blood cholesterol
falls 1 wase changes are corrected and clincal improvement o 1ous
Signs of falure or of puncardal effusion soon disappear and the heut
resumes sts normal size {1 erman Clark and Means 1033)

Inetsal treatment 5s caster than mamtenance With the aid of the BMR
st1s not difficult to regutate dosage for a patient st rest 1n bed bist when ~he
feaves hospital and varies her activitics 1t 18 10t S0 €asy and supen bior
s tequired for hife The average snantenance dose of thyroid extract s
2103 grams (0 1310 0 2 G ) datly by mouth

1f there 15 any suspicion of associated coronary disease mitial trcatment
should be cautious and the oral route advised Not more than 1 grain {6y
mg } of thyrod extract should be guen dasly and in cases with angine
pectons not more thans | a gram (32 mf) The dose may be mcseased
slowls weeh by weeh 3f well tolerated or reduced and mantamed at a
runimum 3f not tolerated

‘The chief compheation arising, duning treatment 1s the derelopment of
angina pectons should this oceur the dose of thyrord may have to be less
than deal but enough to heep the blood cholesterol below joomp per cent
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CHAPTER \I\
HYPERKINETIC CIRCULATORY STATES

(ANZEMIA PRLGNANCY ARTERIO VENOUS ANLURYSM
BERI BERI PAGET $§ DISEASE OF BONL HEPATIC
FAII URE)

N addstion to the diseases enumerated above hyperhinetic circulatory
Ismtes {Harrison rg35) mclude thyrotoxicosis anovc putmonary heart

disease feser and exercise The first tho have been considered full
elsewhere and the last tno have a purely physiological basis

All these conditions are characterised by a tarsed cavdiac output mam
taned by means of tachycardia a rased venous filling pressure or both
moreover the heart may beat more strongly Conspicuous exrdence of vaso
dilatation 1 shin and muscle 53 found in all of them the shin 1s warm and
flushed the pulse 15 collapsing the digtal vessels throb and there may be
capilfary pulsation 1n fact the peripheral arculation resembles that seen
n gortic incompetence The fore arm and calf blood flows are also m
creased Whlst young and healthy hearts may cope with the situation
without distress older or unhealthy hearts may farl to meet the require
ments

It may be difficuit chinically to recogruse congestive fmture in these cases
for the usual signs may have other interpretations Thus a rased venous
pressure may be part of the physiol 1 h a hugh
cardiac output {Mc\ichael 3947) enlargement of the hiver may be due to
secondary carcinoma or to hepatits and eedera 1s commonplace m severe
angemnia and bert ben for other reasons Indeed it s by no means easy to
be sure what 15 meant by falure m thus group for example Mc\hchael
uses the term  high output faslure  to descrsbe a state 1n whach a ras ed
venous pressure and @dema are assocrated with 2 high cardiac output
whether ar nat the lattec 1s capable of being rased further Yet faure
ordnarily denotes an overloaded heart or ventnicle one wneapable of ramng
1ts output further But this question has already been discussed (page 155)

THF HEART IN ANEMVIIA
Physniology Severe chrome or po t hamorrhagic anzmia may affect the
heart mn three ways (1) 1t may cause a hyperhinetic circulatery state as
already described {n) 1t may cause or preCipiate angna pectoms oF L
coronary msufficsency (iss) 1t may result in nutnittonal degeneratis e changes
n the cardiac muscle which may reduce s resene
502



HYPERRINETIC CIRCLEATORY  TATE 3%y

With 2n oy gen consumption of 240 mi per nunute an i subit
with a hemoglobin of 20 per cent could not have a cardiac output b ~ thawn
6 hitres per rmnute of all the avarlable oxagen were utihvd { 0 pur wnt
Hb =3 G Bb per cent=3%7 34 ml oxsgen percent ¢ mb ovveen put

ety
tentor 4o mb per htre hus cardaac output — :0 & Btres por nunutcd

1f half the avatlable onvgen were utibised the cardiac output would by 1o
litres per minute

in anemc subjects imestigations have shown that the resung carduc
output may reach 13 hitres per mmute and utilsation of salable oxvien
may be ncreased from the normal 33 per cent to o> much a~ yo per cent
{Lijestrand and Stenstrom  1g25-6 Mielon 1933 Sharpey Schuder
1944) These changes do not occur at rest with hremoglobm 1atues above
30 per tent but become mncreasingly apparent at lower levels (Bouchut
and Froment 1934) The high cardiac output 1s mamtamed both by tachy
cardia and a roised v enous pressure The latter must be due to widespread
capillary or peripheral venoconstriction for the blood volume 18 reduced
{Mc\ichael et of  1943) and the small artenies and arteniales are dilated
(MecMichael 1g4)

Clinteal features "1 he chief symptoms of severe anmma are breathless
ness fatgue and palpitations Angina pectoris occurs n sbout 30 per cent
{Coombs 1926 Pickering and Wayne 1g34) occaswonally esen when there
15 no underlving coronary disease Thus the suthor has treated a boy of
17 with pernicious anemia and angina pectoris and albo a young man of
21 who presented himself with classical ischmie heart pam due to on
deficiency anzmia resulting from bleeding haemorrhords (Bdema mav be
due to congestine heart farlure but 1s more often nutritzonal Itis especially
prone 10 deselop during the first three weeks of blood regeneration 1
Tesponse to treatment of the anamua

Pasovysmal cardrac dyspacea ot acute pulmonary cdema s rare 25 a

pontancaus esent but may arise during blood transfusion or sahne m
fusion These procedures should not be Jightly undertaken in cases of severe
chronie or post hemorrhagic anmmia  Precautionary measures miclude
the use of concentrated red cells mstead of whole blood and yenous
pressure lavenng agents such as cuffs apphed to the thighs "Frans
fuston should be temporanly abandoned if the venous pressure 1s seen to
Tise apprecaably

Physical stgns A hyperkumnetic arculztion and perspheral vasodilatation
may be recogmised by the features detailed prentoushy

A funcnional systolie murmur (so cafled haemic murmur) at apex of base
tscommon and 1s probably due to mutral mcompetence resultmg from left
ventrienlar dilatation or to the increased velocity of blood flow Functwnal
mutral or sortic diastolic murmurs may also be heard occasionally earber
obsenations such as those by Von Noorden {189z) Sahhi (189,) and hraus
{1905} having been amply and repeatedly confirmed (Goldsten and Boas
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1927) Mitral presystohic or diastolic murmurs are probably due directly
or indurectly to the increased vclocty of blood flow the mechamism betng
almost certainly the same as that responsible for mitral dtastolic murmurs n
patent ductus arteriosus ventricular septal defect and thyrotoxicosss
Basal diastolic murmurs are probably due to dilatation of the aortic or
pulmonary rings
The electrocardiogram Despite several publications emphasising the nor

mality of the electrocardiogram n anzemia (¢ g Smuth 1933 Pickenng and
Wayne 1934) there can be no doubt that sigruficant changes occur n at

jleris Tl h T 1y
9 I TR = TS R

T m
Fig 19 ot—Electro ardiozram showng low voltage and flat or inverted T wave m alf
eads in a case of pernicious anTmia
(8) Before treatment
(b} After correcuion



Dz 19 02—Els showmnp dep of the ST segment due to acutc
cotonary insufficiency resulting from post hamorrhag c anzmia

{a) Before treatment (b) After treatment of the anzm a

Fig 19 03—Sk1 gram showing general cardiac enl rgement in a ca  of s vere pernicions
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least a thirdt of cases Wath haemogloben values under 40 per cent {Block

1g37) In 2 consecutive senies of twenty such cases analysed by the author
eight showed low voltage depressed S T segments or flat or snverted 71
waves in feft ventricular surface leads or their cquivalents As the anzma
improsed under treatment these faults were corrected (fig 19 01) Several
mstances of bundle branch block have also been observed bur these have
always persssted when the anzmia was cured Depression of the S T seg

ment 15 common following grass hiemorrhage and 1s believed to represent
temporary coronary isufficiency {fig 19 02)

Fluorascopy -rays often reveal shght enlargement of all chambers of
the heart 2nd pramunence of both the aorta and pubmonary artery m cases
sauth hzmoglobin levels below 40 per cent (g 19 03}

Necropsy studies have revealed shght crease of heart weht {350 10
4350 G ) mn the majority of cases of severe anema and considerable w
crease iy (Cabat and Richard: 1919) Expenmental anzms
1n rass has resulted n shght cardiac hypertrophy at hemoglobin levels of
10 G percent and considerable hypertrophy (weight at least tvice norma)
atlevets of 2 to 3 G per cent (Forman and Danels 1930-1) According
to Grunberg (1930) hypettrophy (s mnvanmable 1n man when the hemo
globin 15 15 per cent or fess and does not oceur at all when the heme
globin 1s 66 per cent or more

These findings harmonise with the behaviour of the cardiac output it
relation to hemoglobm levels and there can be little doubt that enfarge
ment depends on increased work

Clinical dragnons hnowledge of cardiovascular bebaviour s of lttle
vatue in making a diagnoss of anzmua and is of no value at ail n deter
muning the nature of the anema 1t s helpful, however, n differental
diagnosts especaally betveen an@mia the anvety states and bacterial endo
carditis ‘Thus an anwety state may present svith the same group of symp-
toms mcludimg patior and there may be cardiac over action and functional
systolic murmurs The palior however 13 due to penipheral vasoconstric
tion and does nat affect the conjunctna ar the mucous membranes snd
it 15 Jess obvious in the palms of the hands the nail beds tag are mare

tikely ta be eyanosed than pale In anmmma palior 15 often wavy chalks

or lemon unted according to as seventy and type The cardtanasculat
dyrarmes are quie different Over action of the heart and tachycardi a
the amuety states are assoquated with httle or no nise i cardme output

there 1s penpheral v tion rather than vasodil and the 49

tohc blood pressure tends to be rased tn casual readings the stroke solume
tends to be reduced and the pulse may be small the arculation and 1enous
pressure are normal

A type of case that may cause confusion is ane that presents with pallor

fon grade fever petechuz splenomegaly over acuon of the heart and 2
Toud systolic murmur at ape< or base Bacterul endocarditis may be sus
pected espectalty when there s 2 drastohe basal murmur as well and the
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pulse 1s collapsing yet all these features may be due to anzemia alone

Treatment All cardiovascular changes due to anemua are reversible 1f
the anmmua 1s treated successfully Cardiac remedies are rarely required
apart from urgent measures 1n the event of acute pulmonary cedema (page
190) The danger of 1}l judged or too rapid intras enons infusion has already
heen mentioned

THE HEART IN PREGNANCY

Physiology Changes 1n the cardiovascular system dunng normal preg
nancy probably depend upon mcreased metabolism raised mtra abdominal
pressure increase in blood volume and upon the presence of a uterne

Vv 1 VL

e
54
T

Tiy 19 04~Electrocard ogram ho  ng cf aracteristic appearances associated with preg

arterto venous shunt The oxygen consumption increases by about 20 per
cent the cardiac output by zbout 50 per cent the arteno venous oxygen
difference 15 decreased and the pulse rate pulse pressure and yenous
pressure increased (Bucwell et al  1938) Famtness in the supine position
may be due to pressure of the uterus on the inferior vena cava so that blood
1s dammed back i the legs with a resulting fall in right auricular pressure
;{ot tingling extremities may be a reflection of increased peripheral blood
ow

Less mportant findings 1nclude functional systohic murmurs ectopic

beats accentuation of the third heart sound displacement of the apex beat
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to the left and upwards shght mcrease m the size of the heart occasional
muymal dema and a characteristic efectrocardiogram showing a pro
mment 5y and Q; nsersion of T; {fig 1904) and a horzontal frontal
plane vector

The changes desertbed may begin as early as the second month reach
thetr maximun at about the end of the sixth month and are mantamed
to term

The normal heart copes wath the increased burden of pregnancy without
difficulty but diseased heatts mav be 1n grave distress The chief conditsons
that may gne nise 1o anuety are those that may affect women of child
beanng age namely congemal rheumaue thysotovie and hypertensune
heart disca ¢ and bactenal endocarditis

CONGENITAL HEART DISEASE

This 15 not hereditary 50 there 1s no danger of s transimusston to the
feetus

Patent ductu artertosus and patent snters entricular septum unless gross
are no bar 1o pregnancy Coarctation of the aorta usually cau es htile
trouble and is chiefly of mterest because the assocated hypertension may
be mustahen for toxaema of p fly however the aorta has
ruptured Atnal septal defect requires watching Relatn ely mid cases may
be taken to term safely but if nipht sided enlargement 1s advanced preg
nancy should be prevented or should be terminated 1 the first three
months if possible The nse w right auricular pressure may cause reversal
of the shunt and sudden severe cyanosis or the increa ing stress may pre
ciprtate right ventricular fasture which may also cause reversal of the shunt
Pulmonary stenosts 15 usually 2 direct bar to pregnancy unless muld and of
simple 1abular type

RHEU MATIC HEART DISEASL

There are some who mamtam that any woman who has theumitic heart
disea ¢ should be advised aganst having any chiddren They argue that
pregnancy affects her adversely that the stramn of bnngmng up children
shortens her life and that her premature death leaves her famuly stranded
at a eniucal ime Qthers feel that to forfert so much human happiness o1
these ds ts both undestrable and y TIs bife so pr o
prolang if so much of 1ts meaning 1s taken away? Morcover avadable
modern staustees barely suppost the first argument Thusin four combined
senes collected by Jensen (1938) the average age of death m spinsters of
nulliparous women with matral stenosss was 366 1n marned women with
famvlies 1t was 403 Agas DBunim 2nd Rubnicsus {5948} could find 5o
sigmificant dsfference sn the Iife histones of 169 rheumatic mathers am
215 theumatsc childless women Of course the childless women may havé
bheen advised agamst pregnancy owsng to the sevents of therr condition
<o that the two groups may not be strctly comparable there 1s msufficient
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esidence on this point Itis certan however that many women with mutral
stenosts unaware that there 15 anything wrong with them have lwge
farmihes and lead normal lines until the leston 15 discovered i later life
The classification adopted by the New York Heart Assoctation in 1924
whereby heart disease in pregnancy 1s divided in o four grades has proved
helpful Grade 115 symptomless grade z1s subdivided into those with shy ht
symptoms (grade 2a) and those with more severe symptoms but not vet
having congestive failure or auncular fibrillation (grade 2b) grade 3 signt
fies aunicular fibrillation or heart failure past or present No restriction
are placed on women 1n grade 1 Women 1n grade 3 are stronglv dissuaded
from pregnancy and termunation 1s usually advised of they are tlready
pregnant Women in grade 2 may pre ent more anhward problems
The chief difficulty anses out of the nstability of the grading A woman
starting pregnancy in grade 2a usually ends 1t n grade 2b If she starts in
grade 2b she may later enter grade 3 \ll these cases must be caretully
watched Any tendency towards increase of svmptoms 15 met by increased
rest even to complete rest in bed In this way the great majonity can be
kept i their original grade A woman in grade 2a should not be dissuaded
from pregnancy but may be advised to limut her famuly to two or three
Women i grade zb are usually warned agamst pregnancy If they have
already concened pregnancy should be terminated during the first three
months If gestation 15 already between the third and sixth month they
should be put to bed and observed for a week or two If they mmprove
rapidly and enter grade 2a pregnancy 1s allowed to continue If they do
not improve pregnancy should be terminated 1t must be borne n mmd
that conditions steadily detertorate up to the end of the sicth month so
that a woman 1n grade 2b at the end of the fourth month faithing to respond
adequately to sufficient rest 15 almost certain to enter grade 3 n the sixth
month Management of pregnancy after the sixth month when the patient
1511 grade 2b depends upon the history of the pregnancy and the response
torest If seen for the first time and if previously physically active such
2 woman wll surely enter grade 2a with rest in bed and she may be taken
safely to term But if alreadv under obsersation and recenving adequate
rest further improvement cannot be expected and the contmued stram
of the next three months may well induce auncular fibnllation or heart
falure She should remain strictly 1n bed 1f she improves she may be taken
to term 1f she remains problematical 1t 15 wise to termunate at the end of
the eighth month 1f she detertorates pregnancy should be terminated as
Soon as heart failure or wnicular fibnllation are contsolled
In a series of 546 case, of heart disease 1n pregrancy of which 472 were
rheumatic the respective mortality rates for class 3 2b 2a and 1 were
40 Per cent 47 per cent o 5 per cent and mil (Pardee 1934) Hamulton
(1947) reported more or less symular figures n a series of 1 335 cases of
which g3 per cent were rheusnatic When the cardiac findings were favour
able (grades 1 and 2a) the mortality rate was 2 per cent and was the same
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as m non pregnant controls i the same category when the cardiac findings
were unfavourable (grades 2b and 3) the mortality was 28 per cent com
pared with 67 per cent m non pregnant controls The infant mostality
was 8 6 per cent i favourable cases and 31 per cent in the unfavourable
When there was auncular fibnilation the maternal mortality was 32 per
cent {8 per cent m controls) and the infant mortakty was 50 per cent The
most common causes of death i the unfasourable group were congestsse
heart farlure {64 per cent) and embolism (13 per cent) Hamulton also noted
that the mortahty rate had mereased shghtly (from 16 to 18 per cent) simee
termnation m the last trumester had been gnen up No difference m
prognosts between cases of mutral stenosts and aortic mcompetence was
noted n any of the series mentioned

The nish of pregnancy i rheumatic cases does not end with the burth of
the infant Pulmonary embolism m particular ss more hikety to oceur during
the puerpenium

Cases of actnve rheumanc cardius are probably best terminated as soon
as the state of the heart permita for there 1s no hnowng what the sub
sequent course will be and a relapse later i pregnancy may prote very
serious

When pregnancy ss not advised prevention 1s best insured by a simple
stershising operation Ter of preg 1s by therap abortion
sn the first three months by abdominat hysterotomy from the fourth to the
ssxthmonth by mnduced labour or by Ceesarean section during the seventh
and erghth months by natural means or by Cresarean section at term The
chotce must rest with the obstetrician

BACTERIAI ENDOCARDITIS

Before the sntroduction of pemcillin the hife of the feetus was the man
considesation The situation 15 now reversed however and every effort
should be made to save the mother As heart failure 1s now the chief cause
of death from bactersl endocardstis termunation of pregnanty may often
be desirable

THYROTOVICOSIS

One of the few known factors that may aggrasate or precipitate thyro
roxicosts 1s pregnancy It follows that thyrotovic women should be advssed
agatnst pregnancy unul they are cured Improvement on sest and odine
or 23 4 vesult of thiouracil treatment 15 not enough such cases tend to
relapse during pregnancy At least a year should pass after partial thy
rosdectomy or thiouracil cure before conception should be considered

If a woman 15 thyrotovic and already pregnant therapeutic abortion
should be considered during the first three months sf not seen until gcsl!ﬂ
ot 15 more advanced it may be wiser to take the patient to term with the
aud of th ! Subtotal thyreid 1 better defesred owmg to the
nisk of relapse The dose of thiouracil must be the mmmum that 1s cffec
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tne for there 1s some danger of its causing gortre m the feetus the simul
taneous admunsstration of small doses of 1odine or thyroid may present ths
(see page 493)

HYPERTFA SION

High blood pressure discorered during pregnancy may be due to chromie
persistent hypertension (usually essential) or to toxemia of pregnancy
Essential hypertension may be aggravated by pregnancy but with rest
diet and sedatives muld cases can be taken to term Nevertheless women
wath hugh basal blood pressures (above 160/1comm  Hg) should be advised
against pregnancy i view of the mereased nish of toxemta the high mtant
mortality (66 per cent according to Browne 1947) and the chances of
senous aggrasation For simular reasons pregnancy should be terminated
m women with relatnely high pressures in the first three months Hyper
tension associated with toxemia of pregnancy 15 a separate problem and
will not be considered here

ARTERIO YVENOUS ANTURYSM

Arterio venous aneurysm may be congental (circotd) oracquired (usually
asa result of a perforating wound) and may occur mn any sttuation particu
larly m the brain limbs or lung

CONGENITAL CIRCOID ANEURY SV

Circord aneurysm consists of a twisted mass of vessels 1n which artertes
2nd vemns are 1 direct communication One or more superficial heman
giomas may be seen elsewhere or there may be a famly histors of such
nzv

The cerebral t1pe may gve rise to epilepsy  to subarachnoid hemorrhage
or to ophthalmopl E may reveal a systolic murmur
heard best through the eye ball on the affected side or sometimes over the
skull The diagnosis may be proved by finding an unduly high oxygen
saturatton n samples of blood obtamed from the 1psilateral Jugular vein
The lesion may be localised by means of angiography 10 to .o ml of 70
per cent diodone or other radio opaque substance being mjected rapidhy
1nto the carotid artery and shiagrams of the cerebral vessels being obtamed

at the appropriate moment The cond should be d hed from
berry aneurysm and from Sturge s disease 1n which facial and pral nzevt
without arterio venous are d with calaifi of

brain substance epilepsy mental retardation and glaucoma (Nussey and
Aliller 1939) Treatment consists of ligation of the common carotid artery
on the side of the lesion if after trial compression hemtplegta or other
senous ischemic symptoms do not occur The sk of such an untoward
event increases progressively with the age of the patient

Circord aneurysm in a Iimb presents stmular features to those of its trau



Fig 1!9 05 (a)—ShiagTam sho g a congenntal artenio venous sneurssm of the luay
he appearances bear some resemblance to those of pulmonary tuberculons
(W Angiocardiogram sho ving diodone Sihing the aneurysm

g 19 o6—Calevfication 1 the v all of an
arfteno venous aneurysm
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matic cousin It mav be situated anywhere from the shoulder or pelvic
girdle to the hand or foot There 15 usually an ncrease blood flow to
the bmb which mav be longer and larger than its fellow Lhe vens
stand out and may pulsate and the skin temperature 15 rused It may be
posstble to locate the aneurysm with precision by observing the effect on
the local and general circulation of compressing the various arteries of the
limb at approprate pomts An impressive machinery murmur and thnitl
may be appreciated over the aneurysm atself Venous blood from the
affected hmb may be more saturated with oxygen than venous blood from
the unaffected hmb  The exact location and construction of the aneurysm
may be d d by means of ang! hy Treatment 1s more difficult
than 10 traumatic cases Fxcision 1s usually impossible owing to the
diffuse nature of the lesion moreover affected vessels are physiologically
abnormal and fail to constrict when injured so that severe and prolonged
hemorrhage may follow surgical interference Ligation of the man vessels
leading to the aneurysm (above and below) may be possible but deep
\ ray therapy 1s usually best

Congemtal arterto venous aneurysm wn the lung causes venous blood from
the pulmonary arteny to be shunted directly into the pulmonary veins and
hence 1nto the arteral circulation at the same time the blood flow through
the rest of lung may be reduced the steep pressure gradient through the
aneurysm offermy; the easier pathway The result 15 a lowered arterial
oxygen saturation 1n the region of 70 to 75 per cent (Burchell and Clagett
1947) central cyanosts polycytheemia and clubbing Most of the cases
reported have been m children or young adults Hzmoptysts has occurred
1 50 per cent The heart itself 1 normal but there 1s often a continuous
machinery murmur oy er the affected part of the lung A skiagram may show
a shadow not unhke local chromc pulmonary tuberculoss (fig 19 053)
but on flucroscopy the lesion may be scen to pulsate and angiocardiograms
may show the abnormal vessels filled with diodone (fig 19 o5b) Lesions
may be single or multiple and unilateral or bifateral Calcrfication may
oceur m the wall of an aneurysm (fig 19 06) One case (a girl aged g) seen
by the author died with cerebral abscess (see page 243) 1he condition
should be distinguished from patent ductus arteriosus helping to correct
pulmonary or tricuspid atresia Treatment by lobectomy or pneumon
ectomy 1s curatine unless there are several widely distributed aneurysms
(Barnes et al  1948)

ACQUIRED ARTERIO 1 ENOUS ANEURY SM

The great majority of acquired arterio venous ancurysms are due to
perforating gunshot wounds i war and are scen most often in connexion
with the femoral brachal or carotid arteries Occastonally they may be
syphilitic mycotic or artificial Arterio venous shunting may also occur i
hughly vascular structures such as the thy roid gland 1n severe thyrotox:
costs or as a result of overdosage with thiouracil (page 493) the uterus

M
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pregnancy {page 507) and the bones m active Paget s disease (page 517}

"The local signs and the effect on the general airculation are simlar to
those mn congemtal arcord aneurysm but will be described more fully
here becausr most inyvestigations on the effects of arterio senous shunting
have been carned out on traumatic cases usually with lesions i the
thigh

Local signs 1 the affected himb include fullness of the vems increase of
skin temperature and sometimes dema On the other hand, penipheral

1 symgp may pred and the toes may he unduly cold or
even gangrenous (1n cases of recent onigin} A gross machinery murmur
and thrll are manable over the aneurysm  1he vanability of the blood
flow 1 the affected limb a5 judged by climcal criteria has been confirmed
by Cohen Fdholm and others (1948) who found reduced flows distal to
the lesion 1n two relatively recent cases and an increased flow wn a case of
29 vears duration The blood flow 1n the unaffected hmbs was normal

The general arculation s hyperbinetie (page 502} and it the shunt s
large enough paroxysmal cardiac dyspneea or signs of congestive heart
failure may develop If the shunt is temporarily obhiterated by digtal com
pression of the femoral arterv just above the leston the pulse rate talls
10 10 20 beats per munute (Branham s sign) the bload pressure nises 10
to 35 mm Hg the venous pressure falls shehtly and the cardiac output
talls (Stead and Warren 1948} but capsllary pulsation 15 accentuated
{Lewisand Drury 1923) Slowing of the pulse may be due to the infubtting
effect of the abrupt although shgh fall tn right auricular pressure or the
Banbridge reflex and 15 said to be abolished by 2 to 3 mg of atropue
{kramer and hahn 1946)

Cardiac entargement 15 almost certainly due to the rased cardiac output
and mereased stroke volume The total blood volume 1s also tacreased
many cases {(Holman 1937) The hyperkietic cireutation 1s mamtamed I
tachycardra and rased venous filling pressure whilst the peripheral resis
tance is reduced by vasodiatation in skin and muscle

Treatment Any arteno venous anenrysm large enough to influence the
general Greulation should be repaired Smatler lessons may be Teft alone
of causing 1o focal symproms and some of them become obliterated spon
taneously Esery effort should be made to repair the artery by lateral suture
with or without the a1d of a covenng stnp of vein so that the normal ac
culation 18 preserved (Junghanns 143) Ligation of artery and vein ?bmc
and below the aneurvsm s less factory the i 4
through the bram or imb being sometunes mnadequate

THE HPART AND CIRCULATION IN BERI BYRI
In modern cnihised communities pure beri bert 1s rare the clm;‘ul
prcture Leing Iy infl d by defi 10§ 10 olbcr,! an
aneunn (B,) and by associated conditions especsally chrome alcohalism
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Aneunn (th m with other comp of the vitamin
Bcomplex 13 found chiefly in unpolished rice Marmute liver yeast wheat
and other grains It 1s used by the body 1n carbohydrate metabolism 1ts
chief hnown function being concerned with the oxdation of pyruvic acid
which 1s formed from lactate When there 1s insufficient aneurin carbo
drate metabolism 1s held up at this point and an excess of pyruvic aud
accumulates 1n the blood (Peters 1939) It follows that anv condition
which carbohy drate boll 1s excessne predisp to bert bern in
that aneurin requirements are heavier When m addition the vitarmun B
ntake 13 reduced at the same time as 1 chronic alcoholism vomuting ot
pregnancy and thyrotoxtc cnises ben bert may well develop

The normal requirement of aneurtn 1s about 1 mg daily for an adult
and 1s supplied adequately by the ordinary Luropian diet Special ulcer
diets however, unless suppl d may be defictent and psvchoneurotic
Patients with severe anorexia and vomiting may not recenve a sufficient
supply of the vitamun Bert bert was common wn German concentration
camps and Japanese prison camps dunng the second world war although
usually complicated by other vitamin deficiencies and has always been
relatively common m the Far East when the basic food has been polished
fice

Aneunn defictency 1s rarelv gross mn envilised commumties and so the
Ppresence of some additional factor 1s commonly needed before the effects
of shght deficiencies are brought to light Under these conditions ber ber1
1satvpical for such patents are apt to be muddle aged or elderly and the
classical signs may be masked by hypertension coronary sclerosis or

phy Agam although ben ber esy lly affects the night side of
the heart 1n pure cases 1t will affect the left side if left stded stress 1s already
present 2s 1n hypertension or 1f the blood supply to the left ventricle 15
deficient as 1 occl coronary ath lerouis Thus in these mixed
cases no clear picture of ber1 bert develops (honstam and Sinclair 1940)

Behaviour of the heart and cireulation The pure disease was studied
Java by Wenckebach (1928 1934) The essential features included a hy per-
kinetic 1 dil 1 of the nght side of the heart
and dilatation of the pulmonary artery Few accurate cardiac output studtes
have been carried out but the climical deseription and the swaft circulation
ume (Weiss and Wilkins 1936-37) leave little doubt that 1t s high Heart
failure may deselop suddenly and fulmnating eases oceur 1n which death
results within 24 to 48 hours of the alleged onset of symptoms (Hashimoto
1937) Even 1n Great Brtam cases have been described mn which heart
failure has occurred remarkably suddenly and unexpectedly leading ta a
rapidly fatal sssue (Wood 1939)

‘The cause of the hyperkinetic circulation 1s not yet clear It may result
from the same unidentified mechanism that ensures a high cardiac output to
compensate for tissue hypovia 1n anzmia and anoic cor pulmonale but
tnstead of hypoxia there 1s faulty carbohydrate metabolism and the high
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cardiac outpus therefore achicves nothung The drop 1 venous pressure
and quietening of the arreulation that follow the mjection of 1 ml of patres
stn and the starmy reaction to 1 mg of subcutaneous wdrenahine (Wenche
bach 1928) suggest that vasadilatation 1n muscle may be directly respon
sible by causing an artetio vengus shunt ‘T hat some such mechamsm exssts
1s suggested by the sudden mse in pulse rate venous pressure and cardiac
output that may follow the sub 1 of 10 rag of mechol
which 13 known to cause yasoddatation i muscle

The heart stself shows ittle speaific at necropsy, the disturbance bemng
brochemucal not structural

Dragnosss "The chmical diagnoss of cardiovaseular beer ber rests on an
appropriate dietetic Justory the demonstration of 2 hyperkmenic tireula
tton radiological app showing consp 5 dilatation of the pvl
monary artery and right ventnicle electrocardsographic evidence of night
ventricular stress the response to putressin and adrenalme assocrated pols
neuntis and op the finding of a rased blood pyruvic actd or reduced
amounts of aneursn 1n blood (Jansen 1938 Swnelarr 1938) ar ucne (Harns
et al 1938 \icAlpine and Hills 1941)

Penpheral neunitts usually begins with pain i the cabves pa satling
similar 1 character 20 mtermittent claudication  Associated weahness of
the legs marked tenderness of the calves numbness and tinghng of the
fingers and toes Joss of deep tendon jerks and glove and stocking ants
thesia are usually found

Ewidence of deficiencies i other vitammns especratly of the vitamin B
group s helpful in proving inadequacy of the dict

Treatment 1t must be stressed that the symptoms of bert ben may begin
abruptly and that the course of the disense may be folmmating death
occurring wathin a few days of the onsct Once the dragnosis has been made
there may be no ime 10 lose Agatn the possibality of < tammn B, defitiency
should @ways be borne 1 mmd in any case of hearr falure of obseute
ongm especrally when rght sided Here 1s one of the fatal forms of heart
diseast which s curable

The patient should be put to bed rmmediately and aneunne hydso
chlonde should be given at once mtsravenously in an mtial dose of yo to
10 mg The effect s dramatic of not grven too late Subsequent doses
should be of the order of 1o to 20 g per day for a fartrught orally of
patenterally and followed by an adeguate diet An abundance of the other
components of the wieamun B group 1s also adwsed

Fulmnating cases should benefit by repeated myectsons of pitressin (€
mt 4 houtly) unti! the vitamin has had ume to work but care must
taken 1w naod by drrmi by heeping the wilt and water intake as fow 1
possible

Chronic alcoholics cases of seyere thyrotovcosts, Srmmond s dis
anOrexic Nerosa and women Yomiting in pregnancy chauld he grien 210
s mg of anewnn daly as a precautionan measure

CaC OF
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PAGLT S DISIASL OF BONI

Lhe hyperkinettc circulation associated with extensine active Paget
disease was first clearly demonstrated by Fdholm Howarth and McMichael
m 1945 The general cardiovascular findings closely simulate those as
soctated with arterio venous aneurysm In the case described by Ldholm
etal the blood flow through actively discased bones was estimated to be
3 to 4 litres per minute and the total cardiac output was 13 litres per
muinute Ihevenous pressure was elevated and there was dependent erdema
Further observations on other cases of active Paget s disease have shown
that the heart 15 not usually overloaded for 1t 1s capable of increasing 1ts
output by means of tachycardia or a greater nse of venous filling pressure
on the other hand paroxysmal cardiac dyspneea may then occur (Me
Michael 1947)

Pagets disease also encourages lafi p I}
Monckeberg s sclerosis and calafication of the valve nings of the heart
Extenston to the intersentricular septum may mvolve the bundle of His
or 1ts branches with the prod of complete heart block or bundle
branch block respectively (Harrison and I ennox 1948)

Cor pulmonale secondary to thoracic deformuty from Paget s disease
has also been described (Wilks 1869)

Diagnosis If aortic p e and valve cal are both present
the climical diagnosis of Paget s disease may be overlooked i favour of
atherosclerotic aortic valve disease As long as the condition 1s borne n
mind however diagnosis s easy for skiagrams of the bones show charac
tenistic changes and the blood alkaline phosphatase 1s very high

HEPATIC FAILURE

It 1s becoming increasingly evident that advanced disease of the lLiver
may Jead to a hyperkinetic circulatory state n additton to the well known
palmar flush and cutaneous sprder nevt The usual cause 15 secondary
carcinoma but common eirrhosis and even sertous infective hepatitis may
be responsible Tt appears that the liver normally detoxicates some vase
depressor substance and that this substance accumulates when the organ
's fahng vasodilatation results in certan territories such as skin and
muscle and 1t 15 Iikely that arterio venous commumications open up and
C1use an extensive arterio venous shunt If unrecognised the situation may
lead to embarra stng diagnostic error the raised venous pressure cedema
and enlargement of the ltver bung readily attributed to heart farure
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TRAUMATIC LESIONS OF THE HEART AND
GREAT VESSELS

SPONTANLOUS LLSIONS

PONTANLOUS traumatic lesions of the heart or great vessels m
Sc\udc dissecting aneurysm of the aorta rupture of a hypoplasic aosty

or syphilitic aoruc aneurysm ruptured valvc cusps i bactersal endo
carditis rupture of 4 congenital syphilitic or mycotic aneurysm of a sinus
of Valsalva into the nght side of the heart rupture of chorde tendinee
in theumatic or bactenial endocarditis and rupture or perforation of the
heart or ventricular septum secondary to cardiac mfarction or ventticular
anewrysm The mayggrte of such lestond havk been described elsewhere
as complications of tHe diseases mentioned Qply’dissecting ancurysm and
rupture of an aneurysm g\f a dinus of Valsal‘a’ﬁlm the right side of the
heart remain to be considered-here -

DISSECTING ANEURYSM

Defimtion Dissecting aneunvsm was so called by Lannec (1826) and
means dissection of the media of the 2orta by extravasated blood that has
penetrated betw een 1ts coats from the vasa vasorum or from the lumen of
the vessel

Incidence About 1 per cent of all sudden deaths are due to dissecting
aneurysm (Mote and Carr 1942) Hospital records which mnclude rela
tively few such deaths give an approximate mctdence of one dissectng
aneuryst in every 450 necropstes Men are more susceptible than women
i the ratio of 3 2 Patients are commonly between 50 and 6o vears old
but 24 per cent are under 4o (Scharkter and Bayer 1944) and a case has
been recorded 1n a boy of 15 (Galbrath Gardner apd Hardwick 1939)
About 50 per cent of dissecting aneurysms 1n women have occurred during
pregrancy (Schikter and Bayer 1944)

Etiology and pathology Virchow s original conception that dissection
follows an ntimal tear at the site of an atheromatous ulcer 1s no longer
tenable for a tear at such a site 1s now known ta be rare (Shennan 1934)
Although bypertension and atheroma are usually a sociated they are not
essentral the intima may be normal and not even ruptured (Tyson 1931)

Dissection 15 always within the media commonly begin 1n the ascending
aorta and appears to be closely related to cystic medial necrosis (Erdheim
1929) The cause of such necro 1s 1s unknown Ty on s thesis that 1t was
due to obliterative endartenitis of the vasa vasorum has not been con

521
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firmed Cystic necrosis without dissection may be found sometrmes
rautine necropsies (Mortz 1932 Rottno 1g36) Whether hemorrhage
into the diseased medra commonly foflows an mumal tear, or whether
1t comes from the vasa vasorum (the mtimal tear then being due to secon

dary rupture) remains uncertatn When the mntima 15 intact hemorrhage
obviously cannot came from the lumen of the aorta On the other hand

intimal tears may undoubtedly be primary for they may occur in healthy
ascending aortas without subsequent dissection (Peery 1g42) Occasionally

hemorrhage accurs mto an area of cystic necrosis of the media without
d the then b organised 1nd causing no trouble
{Shennan 1934)

Dissection may spread provmally and tavohe the raat of the aorta
causing aertic incompetence occastonally the coronary artenes are dis
sected and occluded Dhssection usually spreads distally hawever may
travel the whole Jength of the 1orta and may proceed along any of 1ts
branches Isch effects from occluded sisceral or partetal vessels are
common The majority of cases dte from external rupture usually into the
penicardum sometimes into the left pleural cavity or elsevhere Occanon
ally dissection associated with an wntimal tear mn the ascending nosta
ruptures back into the lumen of the vessel at some distal pownt forming an
alternative or double aornc channel (double barrelied aorta} This1s found
1n the majorty of cases which recover (Shennan 1934)

Chintcal features Disseetion of the aorta may be preaipuated by cffort
(Gager 1928) and give nse 10 a well defined chnical picture with charac
tenstic vanations A typical attack begins suddenly waith severe pam i the
centre of the chest or m the praccordinl area The pam mayv be gripping
teaning shaotng or vice hike and usually fasts for hours 1t may raduite to
the head and neck to the back—-less often to the arms Later i the attack
1t may spread to the lumbar regions or abdomen and occasionally into the
leg~ depending on the extent of the dissection In perhaps half the cases
however pam 15 shight or shsent (Baer and Goldburgh 1945}

Breathlessness 1s nearly as common as pan_snd syncope 1s not rare (Ham
burger and Terns 19,8) Attacks may therefore cosely reaemble coronary
thrombo 15 but in cases which surs e the blood pressure usually remains
Iigh and the electrocardiogeam normal moreorer dilatation of the aotta
may often be seen 1 shiagrams (Wood Pendergrass and Ostrum 195}

Other findings depend upon the site and extent of the dissection upon
which branches of the aorta are occluded and upon the site of externat
rupture Aortic incompetence may develop when the root of theaorta1s d\sd
sected (Weiss 1935) and s being noted with increasing frequency (Dw
et al 1947} myocardial infarction may ocuur if the left or nght coranat’
artery 18 occluded guving rise to the appropnate electrocardiographie. pat
tern (Wamwnght 1g14) Pericardil friction 15 heard occasionafh 2P
hemopesseardwm may be recogmsed before death

Thssection of major arteries leads enther to occlusion of the vessel

] orite
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i Titud 1

P F due to sp penarteral sym
pathectomy (Weisman and Adams 1944) Occluston of one or other or
both carotid arteries may cause hemiplegia mental confuston or coma of
the antenior spinal artery, paraplega of arteries to the imbs loss of the
peripheral pulse and perhaps 1schemuc pain of the renal arteny hzmatuna
~—~and soon Occastonally a pulse that has been absent may re appear as
aresult of rupture re entry (Lawrence 1935) A systolic murmur and thrilt
may develop over partly occluded vessels including the aorta (McGeachy
2nd Paullin 1937) Left hemothorax 1s found in about 12 per cent of cases
(Baer and Goldburgh 1948) Hemorrhage into the mediastinum may be
responsible for cough and dysphagia An abdominal mass may become
palpable Hzmoptysis h and 1a occur iy

Cases which survive the ongnal dissection may present themselves later
with congestive heart failure associated with aortic incompetence When
there has been no history of pam such cases have usually been diagnosed
erroneously as sy philitic aortic incompetence despite negative Wassermann
reactions {Gouley and Anderson 1940 Flaxman 1942)

Finally i diffe 1d 1t should be bered that fever and
leucocytos:s are the rule during the first few days not the exception (Baer
and Goldburgh 1948)

Prognosts According to Shennan (1934) about 10 per cent of all cases
of dissecting aneurysm recover from the attack usually owing to rupture
re entry The majority succumb later to heart failure esther as a result of
aortic p or from d hypertensive heart disease

Treatment No treatment 13 Iikely to influence the course of dissection
Morphine should be given freely to combat pain If the patient survives
the imitial attack he should be kept 1 bed for at least three weeks

RUPTURE OF AN ANEURYSM OF AN AORTIC SINUS (SINUS
OF 1ALSALY 4) INTO THE RIGHT 1ENTRICLE RIGHT
AURICLE OR PULMONARY ARTER}Y

Aneurysm of one of the sortic simuses may be congemtal syphilitic or
mycotic Rupture of such an aneurysm into the pericardsum or left pleural
cavity 1s immeduately fatal but perforation mto the right auricle ventricle
or pulmonary artery leads to a well defined clhinieal syndrome which may
be compatible with many years of actve life

Incidence The condition 1s rare ndeed the author has only encountered
and Investigated four lving instances ( ongenital cases may occur in young
adults syphihitic cases in later ife and mvcotic at any age

Physiology Rupture mto the nght auncle causes a high pressure i that
chamber overloading of the nght heart and the rapid development of
congestive farlure Samples of blood obtained by means of cardiac catheter
1sation should be similar to those obtained 1n atrial septal defect (page
218) Perforation into the right ventricle may similarly overload the right
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(a) Antero po terior \iev  showing engorted {b) Second oblique 1iev showng enlarge
3 arculatt 1 of the ment of the left ventricle and dilatanion of the
left ventricle and resection of the sth nb on pulmnary arters

the left side {the case having been operated
on for patent ductus )

tig 20 o1—Case ¢ f ruptured mveotic aneurysin of aortic sinus nto the pulmonary artery

heart blood samples and ntracardiac pressures are sumilar to those 11
ventacular septal defect (RAP 0 RVP 17 PAP 21 em solmne
SV C and R A samples 44to45 RV and P A samples 26 ml O unsat
per bitre 1n a case seen by the author )

Perforation mto the pulmonary artery sets up sumilar features
ductus artenosus (fig 20 01) In one such case investigated by th
due 10 a perforated mycotic aneurvam from bactersal endocarditis (cured
by pemailhn) samples from the nght auncle and ventncle showed 67 0
70 ml oxygen unsaturation per litre whereas pulmonary artery samples
were only 33 to 36 ml unsaturated The mean nght yentricular pressure
was 40 10 43 cm of saline above the sternal angle and the pulmonary
artery pressure plus 86 cm

Climeal features Pasn may occur from invohement of the onfice of ont
or other coronary arteries but 1s otherwise absent The anset 13 usuafly
signalled by the rapid development of congestne heart fulure but not
pecessanly The two cases mentioned above were by no means ncapact
tated and had bath hned seven years since the onsct

The chief syms are a loud hinery murmur
over the base of the heart but at a lower lesel th

to patent
e author

{ by 2 tholl
2 th
ian that assecsted
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patent ductus arteriosus accompanied by signs of aortic incompetence
and by features resembling those of ventnicular septal defect or putent
ductus according to the site of the perforition

Prognosis Rapid detenoration to a fatal outcome ss said to be the rule
(Abbott 1919) but this mav be because the diagnosts 1~ usually only made
at autopsy  The author s four cases are not only aline but relativels well

EFFICIS O DIRICI INJURY

Directinjury to the heart may be caused by stab or gunshot wounds and
dery rarely by diagnostic procedures such as needling the pericardium  The
Iiterature on the subject has been well surveved by Ring (1941) and b
Barber (1g44)

GUNSHOT W OUADS

A bullet or prece of shrapnel may perforate the heart through and
through may lodge 1n the myocardium or pericardium with or without
perforation of one or more chambers or may graze the surface of the heart
without causing death In an analvsis of 25 instances of war wounds 1n
volung the heart made 1n conyunction with Nicholson 1n 1945 the relatrve
mneidence of such lesions was as follows

Near musses

Grazes or tangential wounds
Through and through perforation
Toreign body in pericardium
Foreign body 1n myocardium

SRR

Of 1 640 consecutive penetrating chest wounds treated at Nicholson s
centre the heart was directly or indirectly mjured m 17 per cent The
resultish penicardium and the rapid devel of cardrac
tamponade If a foreign body passes close to the heart or lodges within half
an inch of 1ts surface a transtent pencardial serous effusion may develop
If the patient does not die from cardiac tamponade or hzmorrhage 1nto
the pleural cavity complete recovery may follow whether or not 2 metalhe
foreign body remarfis i the heart
The chief 1 during \! 1S recurrent acute pert
carditrs thus 15 nearly alwavs associated with the presence of 2 foreign bodv
erther 1n the, pencardium or closely connected with 1t (Wood 1945) 1t
rarely anses when a bullet 1 embedded deeply mn the myocardium The
attacks tend to be severe. with pan fever tachycardia gross electrocardio
eraphic changes and the rapid development of a sterile serous effusion
which may cause cardiac tamponade They usually last about a week The
hirst attack may oceur at any time during convalescence up to about three
months after the myury and may recur several tumes at intervals of about
amonth Of five such cases studied by the author in the second world war
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all finallv recovered, three without interference and two after remosal of
the foreign body by Nicholson (1943)

A second compfication 15 coronary th duning conal ¢
when a pericacdial foreign body 1s lodged m contact with 2 maror coronary
vessel but this was observed only once

Intravascular foragn body has been dosenbed on page 458

Dragnosss The possibihity of ecardiac injury should be considered 1n all
case, of gunshot wounds of the trunl or nech espeoally of the mussile 1>
judged to have been directed towards the heart or if its drrection 1s ro!
knows for certan Eatly diagnosts depend- upon recogmsing the signs of

cardiac tamponede or b P drum (page 345} An electrocatdwgram
may be most helpful by .howing the presence or absence of the pencardnl
Y. pattern

Intracardiac or pericardial foreign body may be readily detected by
means of fluerescopy but may be easily overlooked in shagrams

Trentment It 1s ympossible 1o say how manv hies might be saved by
carly surgieal repatr of cardiac wounds In the second world war the
majonity of recogmsed cses sunaved without such early sepawr o at least
inved fong enough to be ted to general hospitals thev were ! .
all rdatnely favourgble cases
and the great magonty ¢
covered

Rehef of cardiac tamponade
by paracentesis may be Die
saving both i the easly tages
or durmg o fster attach ©
acute  pencardims  Metathe
forergn bodies Jodged m the
pencardim are best removed
W view of the danger of re
current pencardits Although
none of the attacks witnessed
proved fatal the epodes were
most  alarming Intracardiac
foresn bodies should probably
be removed if supesficul and
left alone sf deep

Prognes s Osnly one of the
thenty five patents mentioned
Fig 200 —Skagram showang machine gun  previoushy died but as already
Bullet esmbedded m the wall of the SR gored ahese were favourable

e cases an that they had survived

unti} evacuated 1o a general hospital

Foliow up studies are incomplete but the worst case st
of recutrent pericardits and a machine gun bullet embedder

h three attachs
d 1n the wat
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of the night auricle (fig 20 02)
was alive and well two years
after beng wounded

In 1937 the author had
the opportunity of myvestigat
mg a healthy man with a
machine gun bullet embed
ded 1n his heart since 1917
(fig 2003) This case was
reported 1n detail by Grey
Tumer (1941) On the whole
1t seems lihely that the ult

mate fate of these patients 1s Tig 20 03—Skiagram showing machine gun bul
favourable let embedded 1n the heart since 1917 (see text)

STAB WOUNDS OF THE HLART

Durect injury to the heart 1n el Iife 15 usually due to single or multiple
stab wounds the majority of which penetrate the nght ventricle The
climeal physiologreal radiol 1 and electrocard hic features of
cases which have survived long enough to receive medical aid have been
chiefly those of hzmopericardim (Wood 1937) Death from hzmorrhage
mto the pleural cavity or from cardiac tamponade may be prevented by
timely surgical repair

Even when Ppatients appear to be holding their own it1s probably wise
to evacuate the blood clot and to reparr and sterilise the wound as soon as
possible, for hamorrhage may continue or recur and sersous cardiac tam
ponade develops 1n most cases
Moreover 1f tamponade 1 un
relieved too long acute coronary
insufficiency may seriously 1m
pair the function of the myo
cardium and when 1t 1s finally
relieved death may result from
acute heart fallure The develop
ment of a bulge on the left
border of the heart simulating
the appearances of ventricular
aneurysm should not deter the
surgeon for thrs 1s hkely to
prove no more than a locah ed
pericardial  hematoma  (fig

Pig 20 o4—Localised pe card al hematoma
superficially resembl ng a cards ¢ aneurysm 20 04)
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EFTECTS OF INDIRLCT INJURY

indirect injury to the heart may be caused by crushes blows falls or
blast The effects tnclude sudden death from ventneular fibriflation or
standstill rupture of the aorta, rupture of one or more chambers of the
heart rupture of the aortic or mitral valve hemopencardmm, myvocardial
brusing, auricular fibedlation and heart block Coronary occlusion and
subsequent angina pectons of cardiac infarction may also ocour but the r
relanonship to trauma s less well understood

SLDDEN DEATH

A beavy bow to the region covenng the heart may cause sudden death
from ventricular fibrillation or cardiac rupture both naturally and expen
mentalty 1 dogs (Bnght ind Beck 1935)

There have been numerous mstances of sudden death resulting from
relatively mynor trauma of a hind quite incapable of damaging the heart
The catastrophe 15 then ascribed to \entricular fibrllanon mduced by
neurogenuc shock Sudden immersion 1 1cy water may act 1 this way
extreme fright a blow over the heart msufficient to cause matenal damage
P'wo factors seem important in these instances a certan diathesis which
used ta be called status lymphaticus but which 18 probablv more related
to suprarenal function and a ventncle prone to fibniaton 2 1m elderly
subjects or 10 those with subchmcal coronary artery disease Ths type of
death 1s ssrufar to that which may be caused by a small putmonary embotstt
m experiments in dogs the sze of the embolism bemng quite insufficient
to embarrass the arenlation and death beng preventable by atropine
The mechanism s probably a vagal reflex It 1s possible that sentricular
standstidf mav be responsible ryather than ventncular fibnifation  but
wxpenments favour the jatter

Rupture of the aorta 1s more likelv ta accu from  fall especially it th
15 congenstal hypoplastt as many cases of coarctanon Hamorrhage 15
ususlls mto the pleural wavity or pencardum

1344

RUPTURE OF THE HFART

Rupture of one or mare chambers of the heart following, trauma is not
always immediate nor does 1t alnays cause sudden death & myocardisl
bruise may result in cardac aneurysm or delay2d rupture usuvally dunn.
the second week as described by Bright and Beck These authors C"“cc‘eg
over 150 cases of fraumatic rupture of the heart from the literature an
found the incidence of the yarious chambers imyolved to e s follows

1 eft vemunicle 37
Right ventncle 3
T eft auncle Rid

Right auricle 3
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\lore than one chamber 13
Interentricular septum 7
Interaunicular septum I

Tt will be appreciated that this distnbution 15 very ditferent from that seen
with spontaneous rupture secondary to cardmac nfarction when the left
ventricle 1s nearly always responsible

The latent nterval was also studied by Warburg (1938) It occurred in
15 our of 51 cases proved at necropsy A small tear may behave simularly
to a direct penetrating wound that causes delayed death from hemopen-
cardum usually withina few days A bruise may rupture atany tume within
srx weeks (Barber 1938) or occasionally after a longer wnterval Cardiac
aneurysm resulting from a brusse mav rupture years afterwards (Joachim
and Mays 1927)

Dunng the quiescent phase the patient may seem relatively well any
discomfort being attnbuted to the brutse on the chest and he may continue
his normal actwiies 1ncluding sport {Priest 1939) In other cases symp
toms may result from hazmopericardium or from any of the other effects
to be described presently

Dragnosts 1f the patient 1s seen alin e after cardiac rupture the signs and
symptoms are those of hzmorrhage 1nto the penicardium or pleural cavity
‘The combination of collapse rapid thready pulse and a high jugular venous
pressure from cardiac tamponade 1s very suggestive if discovered within a
month of injury There may be no evidence of external damage to the chest
wall and the history of the acctdent may not be mentioned for 1t may not
appear to be connected with thellness If the possibility of previous trauma
1s considered the diagnosis 1s usually obvious

Treatment Immediate surgical repair 1s the only hope of savng life

HEMOPERICARDIUM

Symptoms and signs of pericarditis with or wathout hemopencardrum
(page 355) are relatively common after indirect cardiac trauma partrcularky
perhaps after blast njury They proside useful evidence of cardiac damage
but do not necessartly dicate its nature Surgical iterference 1s only
warranted if there 1s tamponade which usually signifies cardiac rupture or
serious coronary hzmorrhage Many cases have recovered spontaneously
(Smath and Mcheown 1939)

AMYOCARDIAL BRUISINC

Crushing of the chest direct blows over the heart and blast may all
cause myocardial contusion the chnical picture resembling that of myo
cardial inf: luding the ch e el d phic changes
or heart failure wathout pain (Barber 1940 Barber and Osborn 1941)

It 1s of considerable interest and medico legal smportance that following
a direct blow 1n the praecordial regton electrocardiographic changes mav

N
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occur which are imdistingwshable from postenor myocardial infarction
{Anderson 1940) Whilst 1t 1s possible that this represents remote con
tuston 1t 15 perbaps more likely that an antenor lesion may occlude the
right coronary artery This lnd of effect will be constdered more fully
later

The chief danger of myocardial contuston 1s delayed rupture as pre
iously described

Treatment consists of rest n bed for s1x weeks semu starvation a low
sodm ntake vl of v sed and avotdance of digitahs

RUPTURFD AORTIC CUSP

Indirect trauma sometimes ruptures an aortic cusp There may or may
not be underlying aortic valve disease congenutal or acquired The levion
results 1n the abrupt develop of aortic P which throws
a heavy burden upon an unprepared left ventricle so that farlure of that
chamber 13 likely to ensue

The diagnos:s 15 suggested by the sudden onset of orthopneea patoxys
mal cardrac dyspnea or pulmonary cdema foliowing a serious fall or
other violent acaident and 1s confirmed by the discovery ot a foud harsh
sometimes musical anrne diastohe murmur often accompanied by a tholl
espectally if the valve was known to have been normal previously

The prognosis may be good 1f the patient survives the immediate msuit
but death from heart failure within srx weehs 1s a grave nisk (Barber 1938
1944) Treatment consists of s1x weeks rest 1n bed in order to allow time
for adequate compensation, and may have to be directed towards combat
ing left ventricular falure It must be understood that a degree of aortic
mncompetence which would be well tolerated and consistent with years of
active hfe 1f 1t had developed slowly may cause death from acute heart
farlure when 1t occurs abruptly just as acute hypertension may cause left
ventricular failure and pulmonary edema whereas much tugher pressures
may be tolerated when developing slowly 1n benign hy pertension

TRAUMATIC MITRAL INCOMPETENCL

A severc fall or sudden blow over the heart or other violent nccident
may occasionallv rupture chordz tendinez or tear one of the mtral cusps
particufarfy »f afready diseased I'he fesion 1s rare but there are many well
authenticated 1nstances (Barber and Osborn 1937) A clincal diagnosis
mav be made from the fustory 1f 1t 15 known that no murmur was present
before the acedent 1f a loud harsh mutral svstolic murmur is heard when
the heart 1s first examumed after the accident af there 1s no evidence of
previous theumatic alve disease and f confirmatory signs of organic
mtra) mcompetence develop eg mtral systolic thrll left ventncular
enlargement and systolic expansion of the left auricle (page 282)

A number of cases have died from congestive heart falure within 2 few
hours or weeks of the accrdent and others have developed mutral stenosts
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later (Barber 1938) On the other hand the accidental discovery of symp
tomless mutral incompetence attributable to trauma need cause little alarm
such cases behaving like rheumatic mutral incompetence with a healthy
'myocardium

HEART BLOCA

‘There have been a number of instances of asphy 2 1n which heemorrhage
has taken place around the bundle of His with resulung heart block Several
cases have been seen at necropsy by the author and a good example was
observed during the r940-1 London air rads

A woman of about 35 known to have been in previous good health way
rescued 1n a partly asphyxated condition from beneath a lot of debris Examina
tion shortly afterwards revealed not only complete heart block but ako gross
signs of hemi Parkmsonsm presumably due to hemorrhage mto the bundle
of His and into the substantia nigra She declared that she had recerved no
severe blow on her chest nor sigmficant crush but had been partly asphyiated
by dust for about one hour

Heart block may also result from a blow over the heart or from a fall on
the chest (Coffen 1930 Warburg 1938) and has been so produced expern
mentally in dogs (hissane 1937) Haemorrhage into the conducting system
15 presumabl) responsible The lesion may be transient or permanent the

ding on the p or absence of Stokes Adams fits and

uprm the rate of the 1dtoventricular pace maker but on the whole 1t 1s
farlv good provided there 15 no more serious myurv and provided the
heart muscle 1s sound

AURICULAR FIBRILLATION (OR FLUTTER)

Several cases of aunicular fibnllatton caused or precipitated by blows
have been reported (hahn and Rahn 1928) particularly in the elderly
(Barber 1938) Bramwell (1934) records a case in which auricular fibrilla
tton was probably imtiated by a head injury and Hay and Jones (19-7)
describe one due to electric shoch

The mechanism whereby head injury may cause auricular fibrilation 15
particularly interesting though still obscure There 1s reason to believe
that parasympathetic activity may be culpable Thus digitalis which stimu
lates the vagus may cause auricular fibrillation and there 1s a form of stnus
bradycardia due to vagal influence which 1s associated with paroxysms of
flutter or fibrillation In experiments on certain ammals fibrllation may be
nduced by vagal stimulation Not only head injury but also menmgitiy
Mentere s syndrome and probably other intracrantal disturbances may
excite this rhythm change

CARDIAC INFARCTION AND ANGIN4 PECTORIS
As already described myocardual contusion may give nise to chinical and
electrocardiographic features simitlar to those of myocardial infarction and
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may also result in cardiac rupture or aneurysm  There appears to bea closer
relationshup howeser between trauma and rschemic effects 1 or example
an anterior injury to the chest may cause a postenior left ventncular Jeston
chinieally mdistinguishable from a cardiac infarct, and classical angma pee-
torrs mav develop for the first time wnmediately after trauma {Campbell
1939) Moreover the subsequent course of these cases may be that of :dio
pathic tschemic heart disease It 1s possible that blows crush injurtes, and
blast may npure the anterior coronary vessels ether by causing subintimal
hamorrhage in an atherosclerotic artery or more directly and thus cause
acute coronary occl or dary thromb After such an event
subsequent angma pectoris would be readily understood Great care must
be taken n diagnosing traumatic angina however for many persistent
chest pams following myury rep 2 P

Treatment conssts of three to six veeks rest 1n bed followed by one to
three months comvalescence to allow time for the development of adequate
collateral vasculanisation  [he prognosts depends upon the degree of under
lyng coranary disease as well as upon the amount of damage mflicted On
the whole 1t 1= nat dissrmular to that m schemic heart disexse i eneral

MEDICO 1 EGAL ASPECTS

Lmployees are entitled to compensation if 1t can be shown that trauma
has tmtiated or aggravated a cardiovascular disability Lven a case of sypht
htee ancurysm that ruptures during the course of work recesves compensa
tion Patients with established heart dise.se may deteriorate aftcr an acet
dent and this aggraration 1s equally compencated The benefit of doubt 13
ilways grven to the patient and in a court of I aw or a tribunal 1t 1s difficalt
to convince a judge or president that trauma has not adversely affected the
cardiovascular svstem Vet a firm stand must be taken over the develop
ment of cardiac neur T eft 1nfr y pam (s especially lable to
become persistent and intractable if linked to the 1dea of compensation
and the physician must be prepared to make a categorical statement to the
effect that this 1s not organic and 1s not due to the acardent that 1ts ongin
Ties 111 the rmind and t the emotions and its growth runs parallel wath the
conscious or subconscious desire for gam
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CHAPTER \X\1

CARDIOVASCULAR DISTURBANCES ASSOCIATED
WITH PSYCHIATRIC STATES

chological or psvchiatric states through the medium of the auto

nomic nervous system [he stimulus 1s emotional and appears to
act on the central vegetatnve nucler i the region of the hypothalamus Ve
are all famuliar with the uncomfortable thudding of our hearts dunng
moments of fear and most of us hate witnessed a fanting attack provoked
by the sight of something which 1s at once queer and frightening The
phystological basis for such phenomena s relatively simple sympathetic
or adrenergic activity may cause palpitations by accelerating the pulse
elevating the blood pressure and strengthening the heart beat parasym
pathetic or chelmergic actiity may mduce syncope by retarding the pulse
lowering the blood pressure and weakening the heart beat

Cardiovascular upsets of this kind suffictent to bring the patient to seek
medical advice almost mvanably indicate psychiatric disorder for the
effects of emotton within the limits of common phystological experience
are too transtent and too famuliar to disturb a normal individual More
over 1n psychiatric states such symptoms may be persistent or may be
provohed too readily The syndrome so produced has been called sol
dier s heart 1rntable heart di ordered action of the heart (D AH) car
diac neurosis effort syndrome bal neur latory
asthenta etc Such terms should be discarded 1n favour of the correct
psychiatnic diagnosts but the words effort intolerance may be added
with advantage preferably in brackets when climcally mportant His
tonically one may speak of Da Costas syndrome to cover all previous
nomenclature (Wood 1941)

The syndrome 15 characteised by a group of symptoms which unduly
limut the subject s capacity for effort or which upset hus peace of mind at
Test by a number of signs which depend upon disturbance of the autonomac
nervous system and by an underlying psychiatric disorder The cardinal
symptoms are breathlessness (93 per cent) palpitations (89 per cent)
fatigue (88 per cent) left inframmary pain (78 per cent) and dizzmess (78
per cent) or svncope (35 per cent) The cardmal signs are those of func

I VHE cardiovascular system mav be profoundly mfluenced by psv

tional disturbance of the resp y 3 and
systems The psychatric disorder 1s commonly an anxiety state but may be
almost anythmg with ligh ] content luding the psyct

It should be understood that there 1 no essential difference between
effort syndrome and  cardiac neurosis  thev are merely clothed differ
535
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ently the former m battle dress the latter in aruficial salk In el hife the
cendition accounts for 10 to 15 per cent of all cases referred to cardio
vaseular clinies 1t 15 common 1n children, and occurs more often 1n women
than m men the ratio beng 3 2 It has a preference for the emotional
races especially the Jews and the Itahians In the first world war there were
some Goooo effort syndrome  casualties 1n the Brtish forces n the
second a more enhghtened view was taken the majonty of these cases
recenng appropriate psychiatric fabels and management

CLINICAl FEATURES

Lhe cardinal symptoms and signs have afready been mennoned they
will now be discussed 1n more detail

Breathlessniess  These patients experience a true sensatiop of breathiess
ness in circumstances that would not affect 2 normal person It 15 not
only a question of breathlessness on effort but pattents will say they are
unable to obtamn a satisfyimg breath or that they feel a sense of «uffocation
and this 13 confirmed objectively by frequent deep sighs Sometimes they
complam of attacks of noctural dyspnea which mav be confused with
branchiat asthma or with paroxvsmal cardiac dyspnma careful question
ing however should reveal their psychosomanc nature especially by
probing the precipitating anxsety dream and by unmasking the associated
pame state Further evidence of functional respiratory disorder mav be
obtamed by noting hurned srregular and shallow breathing A simple and
Wuminating test 1s forced hyperventilation  The patient 1s asked to breathe
deeply and rapsdly for one minute A normal individual expenences dizzi
ness and someumes shght tingling ot the fingers and toes When told to
stop he passes into a state of apneea lasting, about zo seconds Fhe psy
choneurotic especrally the hysterie d his subjectnie
and when told to desist usnally continues forced breathing explatmng fater
that he felt breathless Since dizziness and unghing of the extrermties are
due to vasoconstriction induced b carbon dioxide washout 1t 15 clear that
such psych experience breathl s when the carbon dioxid~
content of the arterial blood 15 50 low s to cause apneea 1n controls The
respiratory stimulus must therefore come from hugher centres § he mawt
mum breath-holding time ts another useful test Normal subjects have no
difficulty 1 holding the breath for at least 30 seconds but pauents with
Da Costa s syndrome usually give up verv quickly 3o per cent of them int
Tess than 10 seconds moreover 1n contrast to controls they show hittte
distress when they reach the breaking pant

Palptatiors Cardiac overaction lung from
plays an important role sn the induction of cardiac neurosts ftisd cum;:mn
psyvchiatnie event for some ntangble fear to became linked to somet! :;1;,
more easily understood and remote from the real difficults For examp c‘
a psychoneurotic w 1th a morhd fear of heights may develop pripitation
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when ordered to climb 2 ladder If the i1dea that palpitations mav denote
some disorder of the heart occurs to him he at once embraces the poss:
bility and proceeds to advance the theory 1n all sertousness for 1t disgusses
s true fear which might be thought shameful and protects hum from the
danger Although a successful defence mechamism 1n these two respects
the manceuvre 13 baneful because 1t provokes a new fear that of heart
disease and sudden death this new fear aggravates the palpstations and
50 closes a vicious circle

The palpitations of anviety states are assoctated with sinus tachy cardia
elevation of the blood pressure increase in cardac output and probably
with strengthening of the heart beat These features are due essentially to
emotional strmulation of a normal adrenergic system

Fanigue Patients often complain that they do not feel refreshed when they
wake 1n the morning that their sleep has been of no benefit to them They
also feel tired and listless during the day and are unduly fatigued by effort
The symptom s usually attributed to anwuety dreams and to emotional con
flicts

Left inframmary pan Psychosomatic pain 1s usually situated in the left
mmframmary region but may be higher lower more central or more lateral
1t may radiate down the left arm It 1s commonly described as aching or as
sharp and stabbing i quality but occasionally 1t 1s constricting or cramp
hke Although pain may occur duning effort 1t 15 more frequent after
wards 1t 1s also common at might and may prevent the patient sleeping on
the left side sometimes 1t 1s capricious and bears no relationship to any
known factor Sharp twinges are momentary and acute stitch like pain
may last several minutes but the classical ache usually continues for hours
It thus usually differs from angina pectoris in 1ts eccentric stte 1n ats quahty
1n its relationship to effort and in its duration 1e 1 everv important
respect Occasionally however as may be inferred from the description
guenabove psychosomatic pam may be situated near the left border of the
sternum  referred to the left arm constricting 1 quality and measured 1n
mtnutes Insuch cases 1t may well be misinterpreted There 1s usually some
odd remark however or something in the patient s manner which should
warn the physicran and encourage hum to launch a critical cross examina
uon The precise history of angina pectorts will not be shaken by this but
that of an anxiety state alters and b more pl d and confused
when elaborated

Left mframmary pam 1s important because 1t seems to convince the
pattent that his heart 15 diseased and it 15 not unnatural that he should
think thus of a patn arising so close to 1t In the psychoneurotic this creates
2 morbrd fear of death and catastrophe and so closes another vicious
arcle

The evact mechamsm of the pam s obscure It 16 immedsately abolished
by the } of . ml of at the site of maimum
mntensity or tenderness Cutaneous or subcutaneous anzsthesta has no




538 DISEASES OF THF HEART AND CIRCULATION

effect This indicates that 1t 1s not referred but anses locally m muscle or
fascia and suggests that 1t 1s refated to  fibrositis  and low back pan
It may be intated by fatigue or stram of resprratory muscles in cases with
respiratory neurcsts by stram of certain muscular attachments involved
m such actions as cranking an engine or hfting a heavy weight by incessant
minimum trauma from the light hammer blows of an overacting heart
or by faulty posture It 1s exaggerated and perpetuated by the belief that
1t anses 1n the heart

Dizziness Dizziness means momentary transient

light headedness ora far away feehng It does not refer to spinning

asinvertigo It may occur on sudden movement of the head on standing
up abruptly or duning effort It 15 readily reproduced by hypersentlation
when 1t 1s attributed to cerebral iction Orthostatie d 15
related to orthostatic hypotension and 13 due to inadequate circulatory
adjustments on assuming the erect posture Itis probable that other forms
of dizziness are also due to dimimshed cerebral blood flow induced bv
autonomuc disturbance Transtent loss of consciousness due to temporary
farlure of the cerebral circulation occurs at one time or another 1n 20 to
30 per cent of these cases

Sweating Sweatng s a belpful diagnostic feature because in the majorty
of instances 1t 13 confined to the anille to the palms of the hands and to
the sole of the feet These are emotional sweat areas Thermal sweating
and that induced by cholinergic drugs have a different distribution bemng
much more widespread Sweating associated with effort may begin emo
tionally but 15 oon thermal Thyrotoxic sweating 15 also thermal The
hands are the best single guide f sweating 1s confined to the palms the
stimulus 15 emotional 1f the backs of the hands are also mvolved other
causes should be considered Undue sweating 15 mentioned or admtted
by 8o per cent of these cases and 1s seen objectnely 1 about two
thirds

H

4

tache Headach
)3

B2 plaint (72 per cent) and 1s either
vague or throbbing In assessing the reality of the physical basis of the
throbbing type 1t 1s helpful to ask the patient to count the throb aloud or
better to tap out the thythm digitally while the observer checks this agamst
the pulse rate in true vascular headache they must comncide 1n hysten2
they do not Unilateral carotid compression 18 also useful for 1t abolshes
sascular headache on the same side T ut it esther aggravates or has no effec
upon hysterical pain Throbbing vascular headache mav be induced by the
mtravenous myection of 1 mg of fustamine or by trmitrin or amyl niteste
1 some cases It 15 closely assoctated with exaggerated pulsation of the
cerebral artenes (Pickening 1939) It 1s seen clinically not only 1 the
anxiety states but also in fevers and m acute alcoholism It occurs spoft
taneously 1n mugrane Improvement depends upon better autonomt
regulation which 1n turn depends upon successful treatment of the under
Jymng anvicty state



210t—Cl scalfac s buld and postu e of a case of D Cost s vnd om Pamted
hy Jan Tillad (fe e portatm th museum of th Post Graduate Medical & hool
of London)
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PHYSICAL SIGNS

Signs of autonomic disturbance serve to check the vahdity of psycho
somatic symptoms Most have already been mentioned but they will be
recapitulated and grouped here for cons ensence

General
Tense dejected or diffident manner
Dull weak or hstless facies
Soft quiet umd vowce

Carrovaseular
Tachycardia (30 per cent)
Overaction of the heart {44 per cent)
Bload pressure in the region of 150190 mm Hg (27 per cent above)
Deceleration time over 2 funutes i effort tolerance test (33 per cent)
Acrocyanasis {44 per cent)
Flashes (36 per cent)

Respratory
Frequent deep sighs (32 per cent)
Rapud wrregular or shallaw hreathmg occastonatty by perentfation {21 per
cent)
Inabilrty to hold the hreath for 30 seconds (76 per cent)
Dyspneea nstead of apneea after forced breathing

“udomotor

Vistble sweat oo the palms of the hands {67 per cent)
Sweat trickling from the alte (35 per cent)

“keletat and Muscular
“Tremor of fingers usually coarse urregular and nconstant {26 per cent)
Shakiness of 1oice and limbs
Asthenie posture or poor physical development {41 per ¢en )
fenderness in area of left inframman pan

A hife sized portrant of one of these patients {fig 21 01} hangs the
hibrary of the Postgraduate Medical School of London and surpasses ant
description  [he effort tolerance test conststs of steppmg, on and off a chatr
ten tumes and counting the pulse rate before immediately after and sub
sequently at minute 1ntenvals unts the resiing speed 1s regamed Che de
celeration ime 1< abnormal (over 2 minutes) in 33 per cent of these panents

Physical signs of autonomic disturbance are helpful in isting,urshing the
malmgerer and it assessing the severity of the case About go per cent of
normal voung adults do not show more than one of these signs and 50
per cent show none
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PSYCHIVTRIC ASPFCTS

Although the syndrome described may occur in amy psychuatric state
with high emotional tone 1t 1s usually as ociated with an anxietv state
In many there are hystencal features and a large number show reactne
depression

‘The farmly history 1s tainted with psychoneurosts tn 50 to 60 per cent
compared with 5 to 10 per cent 1n controls with or without organic heart
disease About 66 per cent descnbe neurotic traits i childhood morbid
fears especially of the dark of heights of water or of amimals are frequent
bed wetting stammenng tics nightmares sleep walking and undue deh
cacy of health are common They are imid children far too dependent
upon maternal protection At school kindly doctors and soft mothers pro
tect them from the hazards of football swimming and the gymnastum

1t1s probable that predisposition to psychoneuross is rainly hereditary
but early environmental factors such as domestic strife nsecunty sup
pression and maternal coddling play their part

There are many factors which may operate to bring about the adult
syndrome and in any particular case one should neser be satisfied with the
discovery of only one or two It 1s fruitful to search for evidence of pre
disposition for a state of mind recently prepared for the development of
psychoneurosis by external or by endogenous factors for precipitating
agents for the growth of vicious circles and for moties for gun that
aggravate and perpetuate the syndrome Proper assessment management
and prognosis are impossible 1f any vital link 1s overlooked

Hereditary and envir 1 predisp have already been dis
cussed The mind 1s especially prepared for the development of psycho
neurosis when i a state of confusion and unreality Head mjunes effect
this certamn acute fevers are often responsible especrally rh fever
mfluenza menmgitss and diphthena long hours of work m unpleasant and
unhappy surroundings may be to blame

Precipitating factors are often multiple It 15 as if one or two could b=
coped with but when several occur one on top of the other mental equi
Iibrum disintegrates They are usually closely linked with fear m some
form or another The most obvious example 1s active service hence the
high incidence of the di.order in war Fear of football and fear of swim
mng are mn childhood and may | anxety at school
The fear of being unsuccessful of not being able to shoulder responsibihity
1s 2 common cause of breakdown n cvil Iife Insecunity or fear of the

future 15 also common The adoption of a line of action contrary to estab
lished socal custom may cause an anvety state due to fear of discovery
and public cnissm Difficult personal relationships especially between
husband and wife are often responsible Sex difficuluies are tmportant
but should not be over emphastsed Financial worry unemployment and
fear of disease play therr part To a timud sensitrve character the fear of
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being, found out of beng thought a coward of being proved inadequate
of seemng 2 fool~and so of losing cast 15 2 vens real and powerful emo-
t1onal stimulus

The derelopment of sscsous crcular patterns 1s interesting In thus par
ticular syndrome most vicious Gircles have a common basts and revohie
round the fear of heart disease and sudden death The combmauon of
breathlessness dizziness or sincope fatigue and especially palpuations
and feft inframamman pawn provides consincing evidence of heart disease
to the lay mind Al these svmptoms which are psichosomate in mechan-
ism may be produced by simple anven and mav disappear rapsdls as
soon as the anviets 1s resohed But »f the patient takes the fatal step snd
believes that thes atc due to heart disease a vicious crrcl~ 15 at once estab
hshed for a new and greater fear develops that of sudden death at amy
moment {hts constant anuets operating consciousfy or subconscroush
every second of the day nd mght ncreases the sevents of the psicho-
samati. ssmptoms Under these eircumstances the <vndrome s> maintamed
fong after re~olution of the onginal anuen, Supenimposed upon ths pat
tern or mdependent of 1t there develop varous and often complicated
conditioned refleves until finally distressing antonenme reactons are S0
mgramed and so duorced from conscious thought as 10 be pracncalh
neradiable Correct medical mierp tion of early psyct nc symp
toms ts of the utmost importance 1 the presentson of these pernicion
grooves The doctor who nusinterprets 2 boy s fear of water and accepts the
patlor and palpitations as signs of heart disease, who mustakes left nfra
mamman pan for angma pectorts who finding an mnocent svstohe mur
mur diagnoses salvular heart disease who regards svncope or dizziness 3
a sigm of cardiac weahness 1s glty not only of stupidity and sgnorance, but
15 also responssble for turming ivs patient into 2 chrontc and ncurable
psvchoneurotic Even so 1t may be comforung to know that medical blun
ders of this kind will mfluence only 36 per cent of apparently normul
individuals the great majonty adiersely affected showing evidence of pre-
disposition

Fnallh there1s the motsse for gan Thiss seen in compensation neurd
si> and 1n war 1115 obrious at evers medical board The inadequate persant
ality of so mans of these patients capitalises the svmptoms What nmd
man mdifferent to higher 1deals wall face the dingers of battle when the
very symptoms of hus fear offer lum protection?®

DIFFERENTIAL DIAGNOSIS

“The charactenstic svmptoms and signs assocated with psychratne dis
order ucually make the diagnosis easv The phusical features have been
stressed because the psichiatnic state mav not be obvious unnl the mind
fus been decph probed This 1s well shown by companng the conclu!
drawn at the special im estigation centres for  effart svndrome dunn

510N
g the
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first two world wars at Hampstead i world war I where hittle attention
was pud to psvchiatry not more than 10 per cent were considered psycho
neurotic at Mill Hill in world war IT a psychiatric basis was proved n
94 per cent The diagnosis should be positne not dependent upon
process of exclusion 1t may stand even when organic disease 1s also found
especially muld rheumatic heart disease bemign hypertenston and chronic
bronchitis

Thyrotoicoss may present difficulty to the inexperienced The com
mon mustake 1s to diagnose an anxiety state as thyrotovicosts rarely the
reverse The difference 1» fully considered on page 481 and 485 Partien
lar attention should be paid to the attitude and behaviour of the patient to
the expresston of the eyes to the colour and temperature of the hands to
the distribution of sweating to the duastolic blood pressure and to the
appetite

In children active rheumatic carditis may cause confuston vague muscle
pans being mistaken for jomnt pains and tics for chorea

Attacks of violent palpitations in anviety states are sometimes confused
with paroxysmal tachycardia Accurate history taking and observation of an
nduced attach should prevent error Lhe special points of difference are
g1ven on page 133

The distinction between left inframammary pan and angina pectoris
has already been considered but real difficulty may anse In both the
diagnoss depends largely upon the history and cannot be proved or dis
proved by the demonstration of psvchoneurosts on the one hand or of
organic heart disease on the other The matter 1s further complicated by
the adverse effect of anwety upon 1schemuc heart disease for 1t may be so
important a factor that its satisfactory resolution may temporanly relieve
angina pectons Occasionally the diagnosts remams doubtful untl deter
muned by the future course

The physician should be on his guard agamst pulmonary tuberculosns
chronic undulant fever juventle d ypogly
subacute bactersal endocarditis deﬁcnenc) of (he vitamin B group and
certamn endocrine disorders—especrally the menopause Anzmua should be
more obvious When the symptoms first arise during convalescence stmple
reassurance should be given and the final diagnosss deferred untl st 1s clear
that rapid recovery has or has not taken place

TREATMENT

Treatment 1s never easy and 1s the more difficult the longer 1t 1s delayed
Fatlure 1 certain 1f any essential factor 1n the development of the syndrome
1s overlooked so that a great deal of time must be spent on these patients
Simple reassurance and some superficial explanation are quite madequate

Furst the patient must feel that at last he has met a doctor who thoroughly
understands his case secondly plete physical 1on supported
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by fluoroscopy and an electrocardiogram s necessary so that he will
respect d 1 reassurance Adeq pl must follow, and
will vany according to the chief symptoms The object 15 to convince the
patient that the symptoms are emotionally produced One¢ may potnt out
how sudden fear causes palpitations sweating, alteration of breathing and
sometime a fanting attach He will agree wich thes but mav abject that
he feels no such fear One should then explain that great fear acting for a
few seconds may be mare than equalled by a tiny remote fear acting over
weeks months or vears a state called anwiety This step 15 dufficult, but
the point must be carned Cotrect terpretation of anxiety dreams 15 of
valuen d g the power of sub ligh

and conviction may come suddenly 1f psychosomatic disturbance on some
particular occasion or under certain specific circumstances can be explaned
in the hght of emotional expernience

For example a patient at Mill Hill gave a hustory of a morbid fear of fireworks
m his boyhood condioned by London air raids in his infancy Otherwise he
was fit and strong He was called up 1n September 1939 was sent to France and
remained well until told one day to unload an ammunition torry On handiing
the shells he became cuniously pame strichen developed gross psychosomatic
symptoms and mss anterpreted them thinking they meant heart disease 3
vicious cirele was imtiated he reported sich and finally arrmed at a base hospital
with an established effort syndrome  When the hnk between his fear of
handling fireworks and hus handlin,, shells for the first time was pomnted out he
was suddenly convinced of the truth of the explanation gnven for his symptoms
and made a rapyd and complete recovery But his fear of firenorks shells and
all other explostves was unabated Treatment had only been directed towards
the remoral of effort mntol. by abolishing the mismterp and yicrous
cwrcle that wutiated and raintamed 1t

As a rule however 1t 1s not enough to reassure and give an adequate
explananon for by the time the patient consults a physician the syndrome
1s usualh hughly complex and condittaned reflexes are well ingramned To
cut across such reflexes and vicious circles one may encourage the patient
to come to better terms with hus symptoms He fears them because he
thinks they are iyurious and may result 1n sudden death He must be told
they are harmless that they can never be more than a puisance that he i<
already farmbar with the worst they can do Once he appreoates the fact
that if he no longer fears hus symptoms he will cease to aggrasate them the
pont 1s scored

1f there 15 an hysterical motive for gam 1t must be mentioned and then
ruthlessly undetlined It 1s remarkable what hittle meght these panent
have and disconcerting how little shame

"I he methods so far outlined do not touch the underlyng ps\ choneuro
sis and the real treatment has yet to begin “The patient may be referred to
apsvchatnst or if the causative factors seem clear the physician may prefer
10 deal with them himself There are always three things to consider the
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difficulties 1n which the patient 1s floundening his reaction which 1s based
on his character and telligence and his attitude towards s reaction
The difficulties should be taken first sorted out and resolved as far as
possible The help of social welfare workers may be enlisted in this respect
‘The patient s reaction should be analysed and some psychiatric shill and
knowledge are required to do this It 15 often posstble to show that his
reaction 15 based on false values 1deas cr beliefs Or one may simply
explam just why he so reacts in order to give lum insight It 1s impossible
to outhine precisely just what 1s required for every case 1s different and
needs indvidual treatment If the problem has no sansfactory solution
and 1f the patient s reaction cannot be altered favourably then at least he
may learn to get on better terms with both Difficulties must be faced and
not hidden away m the dark recesses of the mind highly personal matters
should be fully discussed 1n a matter of fact way until they cease to seem
50 dreadful 1f a man 1s standing on a false pedestal he must learn humihity
and honesty and tread upon the good earth

Fmally the background must be assessed With strong heredstary taints
and bad early environment the outfook 1s poor and the aim should be to
fit the patient into circumstances which will cause the least embarrassment
This 15 a confession of failure At the other extreme 1f the stock 1s good
and if there 1s no evidence of predisposition and 1f this 1s confirmed by
the seventy of the stress of anxiety causing the breakdown every effort
should be made to cure the patient In other words one should deal with
the environment when the prognosts 1s bad and with the patient when 1t
18 good
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dissection 521
hypoplayia 42
Janking 474



INDEX

Aorta (contd )
medial necrosis 521
promnence 38 208 429
nding 236 244
rupture 528
tortuosity 39
unfolding 35 298 429
N\ ray 3832
width 35
Aortic aneurysm (see Tneurssm) 38 359~

3
Aortic arch dexelopment of 206
double 207
nght sided 42 236 242
Aoruc area ¢
Aoctic atresia 207
Aortic cusps rupture of 530
Aartic diastolic murmur (snd see Aortic
wncompetence) 295
functional 423 503
1n rtheumatic carditis 270
Aortic duastolic thnli in
bacternal endocarditis 331
perforated cusp 331
ruptured cusp §30
syphilis 364
Aortic incompetence
n anzma 503
angman 366
atherosclerotic 303
bacterial
chnical features 295-8 364
in coarctation of the aorta 209
congenital .12
diagnosts 208
in dissect ng aneurysm §23
1n Eisenmenger s complet 244
electrocardiogram 208
fanctional 424 s03
bypert nsive 424
pathology 295 364
physiology 204 205
prognosis 209
pulse 296 297
rtheumat ¢ 270 2940
syncope in 194 196
syphil e 364-366
traumat ¢ 530
X ray 208
Aort ¢ 1sthmus 207
Aortic knob 26
Aortic knuckle 26
double 209
Aortic notch 20
Aott ¢ pressure curve 29;
Ao tic regurg tation (see Aortsc incompe
tence) 294 9
Aottcring 364 424
Aortic snus perfo tion of 229 523 5
Aortic stenosis 299303

angma pectons i 299~300
atherosclerotic 303
blood pressure 301
alafic 61 3oz 3
clinical features 299-301
congemital 212
electrocardiogram 301
euology 302-3
pathology 299
physiotogy 297
prognosis 303
pulse joo
rheumatic 299
syncope 1n 194 299
N\ ray 3
Aortic systolic murmur
in gortic Incompetence 364
1n gortic stenosis 301
functional 281-2 487 s03
Aortic systolic thull 301
Aortic vahve
anatomical site 61
bicuspid 209
calosfication 61 301
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disease (see Aorttc 1 competence ani

stem 515)
rasculanty 258
Aortic valvulins 2,0
Aortitis (syphilitic) 35868
Aortography 200
Aorto pulmonary septum 206
defect of zog 523
Apex beat (and see Cardiac mmpulse)
definition 6
displacement 6
fixation 351
Apmal systol ¢ murmur 273 280-2

m Ch:yne Stokes breathing 167
post hyper entilation 536
Arachnodactyly 216
Arbor sation blo k 90
Arm to lung t me 13 163
Arm to tongue um 12 31 161
Arrhythmia sinus 109
Arsentc 367
Artertes palpation of 3
structu al changes of 419
Arterial oxygen satur ton 17
n eyanot ¢ states 177
1n Eisenmenger s complex 245
i Fallot s tetralogy 242
1n heart fa lure xgo
1n masstve pulmon ry embolt m 455
n mitr 1 stenos s 28
1n pulmonary heart di ease 462 47~
1n reversed nteratrial shunt 234
rse of inoxygent nt 242
Arterial puncture 17
Arterial pulse waves 20



330 INDEX

Arteriogram .0 Atropine (contd )
Arterio scleross (see Atherosclerosis) 372- in digitalis porsoning 148
374 419 in heart block 123 118 .71
Arterio venous aneurysm §11-I4 msensitnty (in myxedema) 466
acquired 513 intrayenous dose {(maximum) 118
cerebral 511 1n nodal thythm 117
congemtal 51T mn paroxysmal eardiac dvspneea 190
peripheral 511 i pulmonary embolism 449
pulmonary 513 1n sino auncular block 115
traumaue 13 syncope 197
treatment 514 vagal paralysis from 110
Arterio venous shunt (in) 513-34 Aural vertigo 200
arterso venous &aeUrysm §L4 Aureomyetn 339
atnal seprat defect 216 218 Auncle left (and see Left auricular)
ber: beni 516 aneurysmal dilatation 50 52 284
congenital heart disease 204 appendage 26 .t
hepatic disease 517 dilatation 47-52 288
Paget s disease 517 expansile pulsation .83
patent ductus 223 -37 hypertrophy 285
pregnaney 507 and left bronchus 93
thyrotoxicosis 486 493 n left ventnicular falure 47
ventrycular septal defect 221 n Lutembacher s syndrome 238
Arthus phenomenon 258 1 mutral imcompetence 283
Aschoff node 258 i1 routeal stenosts 47 288
Asotes and esophagus 47
i heart falure ©72 174 N\ ray 26 47
n Pick s disease 349 Auricle nght (and see Right aurict lar)
m trieuspid disease 306 dilation 59
enous pressure i 171 n nght ventricutar falure 175
Asphywia electrocardiogram in 192 m tricuspid ncompetence 104
Asphysial hamorrhage §31 n tricuspid stenosis 307
{sthemc posture 540 Xray 257 59
Asthma Aurcular ectopics 127
bronchial 464 Auricular fibnifation 145-50
card ac 160 age and 147
treatment 473 angina pectorss and 147
Athetorna 372 4 1 gornc valve disease 147
Atherosclerosis 372-4 410 433 1n atnal septal defect 218
Athlete s b act 35 e 1 bacteenal endocarditis 147 337
Stresia £ITCus Movement 145
aorne 207 chinical features 147
pulmonary 237 2§ 1n congental heart diseas 147
Atrual {see Auricle or Aunmla ) n congestinve fallure 157
Atna) septa) defect z33-20 daagnosis 147
anmo ardiography 220 1 dig talis mtovicaton 3 2
arachnodactyly 0 216 digntalis therapy 147
bactenal endocarditis i 220 1n diphtheria 313
cardiac cathetensation 218 1n electric shock 531
chimcal features 216 electrocardiogram 145
clectrocardiogram 218 embolism 150
embryoltegy 213 et olopy 147
hemodynamics 216 © waves 145
nadence 216 in head injuncs 53t
mutral stenosis - 216 heart bloch m 145
prognosis 220 hypertensive 424
treatment 230 weidence 147
N rav 52 218 manfections 147 149
\t(ophy of the heart 38 Jugular phltbogram 59 170
Atrops I conteactions 145

and dmlmer;zlc drugs 138 M contractions 14y
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Auncular fibnllation (contd )
mechantsm 145
1n Menuere s syndrome 531
n memingtis §31
n mutral stenosis 233
i myvocardsal infarction 38
m mocardiis 147 312 31
10 normal hearts 147
paroxysmal 147 487
physinlogy 145
1n Pick s discase 147 349
0 preuman a 147
M pIEEnane 149 500
promosis 147
n pulmonary heart discase 147 462
quinidine th rapy 148
i theumatic carditis 273
syncope 1 147
thyrotoxic 487 489 402
traumatic 31
treatment 147
m rcuspid valve disease 304 307
amal 113 s31
\enous pulse 19 170
m Wolfl Parkinson White syndrome 141
Aurncular flutter 331-5
angina pectoris n 142 408
cIrcus movement 141
climeal features 142
1n cong estne farlure 142
dagmos s 142
dig talis therapy 144
electrorardiogram 142
etiology 142
aves 142
first heart sound 142
heart block 1n 142
hypertensine 425
mad nee 142
ninfections 142
in isolat d myocarditis 321
L contract ons 145
M coatract ons 145
mechant m 142
1n mutral stenosts .93
m myocard [infa cton 380
mmvacard 13 317
n notmal hearts 14
phys ology 142
Prognos s 14§
m pulmonary heart d ease 124 462
quinid ne ther py 145
T oum tic s3;
treat nent 144-5
vagl g sy
Au scufar gallop 164
Aurrcular leads 73
Aurcula pre sure (normal) 214
Aur cular pulse wave (see aw ¢)
A seular septum 213

EED
Auricular & unds 167 4

1 gallop thythm 164-5

n heart block 120
Auricular tachveard a 132
Auncular T uave (Tawa &) %
Aunculo ventricular bl ¢k e

block) t17-24

Auriculo ventnicular nod  10%
Au cultation 7 10
Auscultatory gap 4
Austin Tlint murmur 296
Autonomic imbalance 2 £ 35
Autonomic nervous syst mix |
Axis deviation 85
Ayerza s disea € 474

Hezt

al) 110

Babcoch s aperation 363
Back pr ssure theory 154
Backward tilting of the apex 62
Bactenal endartentis 330
1 coarctation of the aorta 211
1n patent ductus 227
Bacterial endocard tis 3309
acute 330
anemiain 331 332
n aort ¢ incompetence 29) 330
m aottic stenosis 303 330
1n atrial septal def ct 2120
i suncula Abrilt ton 331
bacteria fre stage 33
bacteriology 330
n biscupid zortic abve 12
blood culture 335
Bracht Wachter bodies 331
o nical features 331
clubbing 333
n coarctauon of the sorta 211
In cong nital heart d ease 330
course 335
d agnosis 335
differential d agnos s 506
embolic nephritis 334
embolis 333
et ology 330
n Fallot § tetralogy 243 244
fve 331
hzmatura 334
tepatin therapy 336
incid nce 3
feucocyte count .z 332
malignant 330
mmtral Ive chs ase 294
myocard ts 331
mycot ¢ aneurysm 333
n phnts 334
Ole snod s 333
1 patent du tus 2279
p thology 330
p mcllm th apy 337-8
p foraton of ortic sinus 33%



552

Bactenal endotardinis {contd )

n pregneney sio
pulmonary embolism 333 445
sn pulmonary stenosis 231 243
renal lessons 334
retinopathy 134
1 rheumatic heart disease 294 330
splenomegaly 332
subacute 330
subarachnoid hemorrhage 337
sulphonamides in 336
mn syphilitic sortic incompetence 330
treatment 336-9
urzmia 336
urme 334
1n ventnicular septal defect 223 330
Bambrndge reflex 110 112
I artero Venous aneurysm Si4
m heart fallure 130 178
Ball valve thrombus 193
Ballistocardiography 21
Bandaging the himbs 311 200
Barium chionde m heart block 124
toxic effects of 326
Barsm swallow 27
Basal metabolic rate 2. 488
n heart failure 23
m leuharmia 489
n myxedema 496
in thyfototicosss 488
Basal rafes 160
Basal systolic murmur 281-2 301-2
Basophul tumour of pituitary 436
Bayley s tniaxal reference system 81
Bazett s formula 79
Bed cardiat 179
Bed pan calling for 449
Bed rest in angina pectons 384
causing plebothrombosis 446 454
in diphthersa 313
1 heart failure 179
n myocardial infarction 406
1n rheumatic cardms 275
Deer drinker s heart 3;6
Bell stethoscope
chgn hypen:nsmn (wc ) pertension)

Bemgn pencﬂrdms 354

Penzodiozan 421

Benzaic acid 338

Ben ber 302 514~16
adrenalm 1n 516
slechol and 534 518
artenovenous shunt ;. §16
cardiac output §02 51§
clirucal features 502 5315
diagnosts 516
electrocardogram §16

INDEX

Bert bers (contd )
ctiology §14-15
hemodynamic 502 §15
metdence 515
pathology $16
perpheral neurtis 516
phy 10logy 515
pitressin i §16
in pregnancy 515
1n thyrotovicosts 491 §15
treatment §16
N ray g7
Bernheim s syndrome 425
Berry sneurysm 211
Bicuspid aortic valve 209 212
Bigemunal pulse 129 110
Bilharzia 461
Bilirubin blood {in congestne farture) 175
Bing s test 244
Bipolar leads 68
Bisteriens pulse 300
Bismuth (in syphilis) 367
Blalock Taussig operation 243
Blast mjury 38% €29
BLB mask 455
Blood calcum effect on electrocardiopram

79 32
Blood cholesterol
m 1schemic heart disease 373 381 385

497
m myxedema 496 497
1n thyrotoxicosis 488
Blood count 22
1 heart fallure 175
Blood culture 335
Blood pas analysis 16
Blood potas rum (see Potassunn) 326
Blood pre sure (and see Hypertension) 35
1n anj ina pectoris 374 375 429
m aartic incompetence 295 297
10 20ttic stenosis 301
™ artenovenous aneurysm Si4
m atherosclerosis §
m auncular fibrillation 4
ausculatory ap 4
basal 5 416
10 cardiac cormpression (tamponade) 344

345 348
and carduac output 178
casual § 416
clinical assessment
n coarctation of the aotta 208 211
in airculatory failure 314
m ecngestine falvre 178
in constrict ¢ pencarditis 349
i coronary thrombosis 383
duastohc (normal) s
difference in two arms g
n ectopic beats
m exsential hypertension 423
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Blood pressure (contd )
m heart block 122
hugh (sce My pertension) 416-40
n left ventnicular faslure 160
wlegs 5 208
low (see 13 potensiom) 5 195 196 M1

14
lowering apents 38¢ 437 430
mean
Measurement 3-5 416
n myocardual infarction 389
mmyxadema 497
normal g
in obesity 416
in paroxysmal hypertension 421
n patent ductus 22,
in pencardial effusion 344
Physology 420
in Lick 8 d sease MY
posture and 5
m psychoneurosss 540
in pulmonary embolism 448 440
in pulmon ry heart disease 465
i shock 311
ystol ¢ (normal) 5
n syncope 1g4-7
@ thyrotovicosis 494
waxing and waning 31

Blood proteins (in mdefm‘) 173

Blood sedimentation sate (see ESR) 22

E:Oq: urea s heart fagure 22
lood viscosit;

Py ‘D,u:cy {n hypertension) 420
m acute nephritis ypp 327
nanzmia 173 go3
n cangestive falure 173
" nephrit ¢ cedema 173

Bloodless venesection 195

Blows over the heart 528 32

Blue baby 204 236

Bohn s sign 223

Bone decaly

553

Breathlessness  {sce  Dhspnaea)  358-60
536
Bught s disease (see Flapertensror and
Chromic nephritss) 418 422-40
Bioad diameter 34
Broadbent s sign 353 352
Drock » operation
for Fallot s tetralogy 244 30b
for mitral stennus 308
for pulmonary stenosis 23t
Dromides 130 437 491
Dronchial artenies
i Fallot s tetralogy 236
hxmorrhage from 434
in pulmonary atresia 250
Bronchial aschma 465 465
treatment 473
Bronchial compression
from ancurysm 360
from left aurtcular entargement 293
from pericardral effusion 344
Bronchal spasm 190 473
Bronchual veins 161
Bronchicctasis 464
Bronchstis and emphysema 464 465
treatment 473
Bronchitis in matral stenosis 293
Broncho pulmonary anastomosis 236 250
Bruit (see Murmur)
Brutt de gallop 166
Bruit de Roger 22
Buerger s disease 32
Bulbus cordis 229
Bultet m pulmonary artery 458
n heart 525-7
Bundle branches 108
Bundte branch block 125~
alternating 126
anatomy 125
1 atrial septal defect {right) 218
<l nical features 126

of (1n th
488

blood flow (in Paget 5
Bone marraw culcure 33
Boot shaped heart 424
Bowfes stethoscope 8
Brachist arter o5 _examunat on of 3
Bracht Wachter bodues 331
Bradyea dua ( ce Sinns bradycard &) 132~

2

124
rztropme eff cton 113 19y
and aurtcular fibollavon 113
{ cardiac enlargement i 35 x13
.o

disease) s1y
H

m heart block

#8110 aunicul r block xr4-1
Bran (sec Cer brar s
Brandy (see 4icoh 1)
Br ham s sign g1
B cath holding tests 418 536

nz
lectracard ogram go-3

etology 126

€ perimental 12

n fam Lia) card omegaly (left) 205
functional 138 218 451

g llop thythm m 126

hstology 125

1n hypertension (left) 4 9

kymog aphy 1n 125

left 90 1 6

n mit al stenosis {right) 290

1n myoca dial nfa ction 35 397
m myocard tis 318

nomencl ture 125

paroxysm 1 126

n paroxysmal tachycard a 128
partal 126 218

pathology rzg
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Bundje branch block (contd )
physiological 139
prognosis 127
n pulmonarv emboltsm (right) 4yt
in pulmonary heart disease (nght) 467
nght 93 126
split secand sound 1 (nght} 1o 126
18
n syphilitic aottic mcompetence (left)

transient 126 451
Bundle of His 108
hranches of 141
ralaificanion of 120 517
fibrosis of 120
hazmorrhage 1nto 120 531
Bundle of hent 141
Burns 195

C save of phlebogram 19 170
Cachevia - cardiac 174
Cwsarian section 510
Caffeine as dwretic 185
Calarfic aornc stenasis 302~3
Calctheation ot (or )
aneur m 363
aoma 38 30 358 365 vy
201t iabve 61 jo1 517
artenies 374 517
coronan arteries 374 397
o tre 485
witral gl e 63 284 517
Paget s disease 517
pencardium 61 339 352
Calerum (blood)
effect on Q T intenal 104
pluconate for eireulation time 13
lactate i aneunysm 363
Campbell de Morgan s spots 132
Cannon s » es 118 120 170
Capilfary
blood pressure 362
electrometer €5
tragihty test 332
permeability it cedema 173
pressure julmonary 462
Capiilary pulsation 3 297
m sartic mcompetence 297
In aftenos CNOUS aneurysm S14
1n cor pulmonale 465
in hyperkinetic :lrculamr) states 502
1n thyrrtotcosts 487
Cap Ylors resistance test 33z
Carbo amno acetyt hotime ¢earbochol
donyl} 138 200
Carbon dioxide
and cerebral blood flow 200
1 Chevne Stokes resp rations 167
n hvperentilation 536
retention (in emphysemal 464

INDIN

Carbon monovide polsamng 10z 408
Carcinoma
embolic 458
pecrcardial 354
phiebothrombosts in 446
Cardiac accelerator nerves 109
Cardrae aneurysm 40} 405
electrocardiogram 301 404
traumatic 529
Noray 44 397
Cardiac asthma 16¢
Cardia atrophy 38
Cardiae bed 179
Cardiag cachenia 174
Cardiac catheterisation (in} 13-17
atrial septal defect 218 234
Exsenmenget s complex 245
Fallot s tetralogy 242
heart falure 154
left ventricular failure 160
mitral stenosis 285 292
patent ductus 227
patent foramen ovale 213 234
yulmonary stenosis 231 232
transposstion 246
1entricular septal defect 21
Cardiae chatr 179
Cardiac airrhosis 172
nTichs disea e 338
n tncuspr 1 disease 306
Cardiae compression (see Cardete ¢ 4
ponade) 335 9
Svncope 1M g4
Cardiac dhlatation (see Candize erler
nent}
Cardiac displacement 35
Cardac dullne s 7
n emphysema 4€5
m pericatdial effusion 345
Cardiac enlargement {general) 61
In anzm 5o
10 arterovenous aneurysm 514
wm athletes 35
in bradycard;a 35 113
congemtal 205
diagnosis 321 348
n fe er 2
1n heart block 12.
w heart faslure 175
1 1solated myvocardins 318
n myxedema 497
n nutnnuonal cardiop thies 3t
n pregnancy 508
wn theumsne carditis 266
1n sino auncular block 115
spunous 35 38
1n thyrotoxico 15 487
10 toxic myocarditis 317
Carduac farlure (see Congest ve fufure) (54
191
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Cardiac smpulse {see ipex bear) 6
heaving 424
yperdynamuic 222 424
wnpalpable 216 465
tapping 216 237 2%¢
thrusting, 223 424
tumultuous 218
Cardiac snfarction {sec \fyoc srdhal mfure
fon
Card ac msufl ereney (soc Congestree heart
faiture) xs4-01
Cardiac measurements 34
Cardue negro 474
Carluc nerves 10) 386
ardiac neurosis 535745
and anemia 506
differential diagnosis 542-3
etology 535
Psycheatric aspects 541
and theumatic fever 276
SEnS 540
symptoms §36-8
and thyrotoxicoss 481 4835
treatment 543
Cardiac outpur 15 154
M anzmia 50z 503
I0 arteror enous aneury sm
m bradyeardia 333 \?s i
mber hen g1y
11 congestine heart fajlure 154-7
on exercise 16
1 heart block 122
gh 155 € 50
I left ventricular fature 15869
low 1545
Measurement of 15
In mitral stenosis 285
Tormal 316
N Paget s disease 519
M pericard al effusion 3445
Phys ology 119 134 493
m Pich s disease 349
n prelgnancy 507
n pulmonary embolism 6
™ pulmonary heart dy - ger 746445
In syncope 1935
"t chycardia t1o-12
n hyrotouicos s 3. 450
C rd 2c rot tion (see Rotzton)
atdiac rupture 4o4 52!
€ rd e standstilt 115 195
Cardiac syncope (sec Syn ope) 1934
Cardnc tamponade 345~8
from d rect Iy 355 §26 5 7
from dissect ng aneurysm s
from hemopericarditim 355
from inchrect njury g20
T malignant pericarditis 354
from perforated infarct g04
and syn ope 194

Cardiac tamponade (contd )

in tuberculous peneardity
Cardiac vector 8o
Cardiolyns 351
Cardio omentopexy 386
Cardio thoracic ratio 34
Cardivss (sce \vocar finis)

rheumatic 255-—~7

toac and other form 311 28
Carlophylline (see Trumophtiin )

‘arey Ccombs murmur 270
Caronamide 33%
Caroud artery

examination of 3

tanking of 423

tortuosity of 422
Carotd compres 1 (tilateral) 201
Carotid pulsation 169
Carotid sinus pressure 133

in auncular flugter 133 142 144

and cardiac standsuill 115 166

i heart block 123

n paroxvsmal tachycarda 132-3 137

138

383

3
physiology 196-7
1n sinus tachveardiz 111
Carotid sinus syncope 166-7
Canons 65
Cetlophane treatment of aneurysm 364
Cerebral anoxia zot
Cerebral blood flow 166 200-1
n hyp ftension 422
n hyperventil tion 200 §26 520
in pulmanary heart disease 4{s
1n syncope 193
Cerebral embolism 1€ 243 333
Cerebral hemorrhage 433
Cerebral symptoms n heart fa lure 174
m hvpertension 422
Cerebral syncope 197 00
Cerebral throwbos s 434
Cervical symp thectomy 386
Chaga's d sease 315
Ch r cardiac 179
Chemotherapy 1 bacte al ndocard uis
336

n syphilit ¢ aort tis 367
Chest leads normal 68-73
Cheyne Stokes respirat on 167 190
Ch1d b rth pultonary embolism n 446
Chloroform 150 326
Chloromye tm 339
Cholecyst s 405
Cholesterol (see Blood cht lest rol) 373 496
Chol nerg c drugs  ction of 138 199-z00

16

1n pa oxysmal t chycard a 138
o yncope 199

Chordz tend new 28
rupture of 530
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Chorea .61
treatment .75
Chonion epithelioma 459
Chronic bronchaus 464 473
Chromic constrictive pericarditis (see Pick s
disease) 348-51
Chronic nephritis (see Hypertension) 417-
418 423 425 433
Cinematography 31
Circord aneurysm congenstal 511
Curculatory falure
and coronary nsuffictency 408 10
n diphthena 31y
mn nfections 314
1 pulmonary heart disease 465
and syncope 194
Circulation time ¥2-13 31 161
1 bert ben 515
in hyperkinetic circulatory states 502 §15
1n left ventricular fadure 163 425
in rutral stenosts 292
1 myxedema 496
m right to left shunt 243
1n nght ventnicular fasture 163
 thyrotoxicosis 489
CGircus mo ement
w auncular fbntlation 123
1w auricular flutter 141~ 144~3
m parovysmal tachycardia 141
Cirrhosis (and see Card a ctrrhons)
effect on the arculation 517
1n hemochromatosis 321
and nutnitior al cardiopathy 32t
and @ lema 172
Climcd] exarmunation 2-11
Chimacteric (see Menof anse)
Clochwise rotation  (about
wos) 70 8z 85
i Fallot s tetralogy 242
w hyy ertension 426
in pulmonary heart disease 465
1 nght ventricufar enfatgement 89
Clotting (see Thrombosts etc) 444-5
Clotting tune 454
Cloudy s elling 313
Clubbing of fingers 333
 aneurysm 360
18 bactenal endocarditis 333
m congenital heart disease 237
mechanism 333
in pulmanary heart disease 46: 465
Coarctation of the sorta .o
associated phenomena 209
blood pressure 208
classification 207
chimcal features 20%
collateral circulation 207
complications 268 209 211
embryolory 206
haemodynamics 207

longitudinal

INDEX

Coarcration of the aorta {contd )

Prognosss 211

treatment 251

 ray 39 208-9
Ceeur en sabot 57 237 240
Cold 1n angina pectons 429
Cold dnnks 138
Cold extrermties 197 485
Cold hypersensivity to 496
Cold pressor test 418
Collapse of lung

in aneurysm 360

1n kyphoscoliosts 474

1n mtral stenosis 293

1n penicardial effusion 344

1n rheumatic fever 266

X ray 33
Qollapsing pulse (see I afer hammer) 295
Collod 478
Coma 201

cardiat 434

n di secting aneurysm 523
Cornpensation neuro9s 532 644
Caompensatory pause 127 129
Complemental air
Complete heart block (see Heart block)

120~

Concato s disease 353
C dant left

8% 301 429
Conducting system anatomy 108 1325
physwology 108-9
Congental aortie stenosss 212 302
arcond aneurysm SII-13
cystic lung 464
dilatatian of the pulmonary artery 212
heart block 120
heart disease (see Anomals req tred) 303
2

50

classihcation. 203-4

etiology 203

incidence 203 N
hypertrophy of the heart 20,

(/on)g‘;ﬂl\e heart failure {and xee Lefe and
right ventricular farlure) 154-9%

acupuncture 18y
in acute nephritis 327

n aoThiC stenosis 303

In arteriovenoys aneurysm 514
ascites 174

1n auricular fibnllation 147

1n auricular flutter 142

back pressure theory 154

i bacterral endocarditis 331 335
basal metabolic rate 23

blood urea 22



INDEX

Congestive heart farlure (contd )
eachexia 1 4
n cardinc nfarction 403 407
cardiae output 1546
cerebral aymptoms 174
airculation ime 163
clinical features 3 16878
compensated 155

disntahs therapy 179-84

embolism 444-6

enythrocyte sedimentation rate 22 175

ctiology 156~7 168

galiop thythm 165

m heart block 122 124

heart sounds 1,8

hepatc distension 17t

hydropencardum 174

bydrothorax 174

n hypertension 425 435

msomnia 179

saund ce 173

Iner 171

low sodiur diet i 185+

low soltage electrocardiogram 164

mechanmism 154-6

mercutsal § uretics in 184

In mitral mcompetence 284

n mitral stenoms 168 285 293

mmyocarditis 312 317 318

i myxeedema 406

@dema 1y2-3

i Paget s dysease sy

N patoxysmal tachycardia 132

polyythzma 22 178

™ pregnancy 509

Prognoss 178

Pultionary embolism 1 175 4446

i pulmonary heart disease 449 462 473

Tulse rate 178

tenal blood flow 173

renal function tests

reticulocyt ye1s 22

n theumate carditis 240 275

sodium retention 173

st ophtharyn 1n 184

m syphilitic aartee s 365

tachyeardi 110

thiouracil i 1g0-y

thrombos 5 10 344-6

in thyrotay cos s 487 493 495
T

22 173

deatment 179,

urne 17,

vase onstriction 17§ 285 447

vene ection in 199

1en0us pres ure 154-6 168~71

$5rous thrombosis 1y 175 445 446
3Y 3Ppea nces 59 175
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Constrictive pencarditis (see Pick s dise 1s )
34851
Contnuous murmur
1N Arterioy eNous aneunsm 513 514
artificial 2 4
bronche pulmonary 220 236 250
1n patent ductus 223
n perforated sortic sinus 229 <24
n thyrotoxicosss 486
n thiouracil goitre 493
\enous 223
Contusion of the heart 52)
Conus Lfung 216 222 462
Conus of night ventricle 27 47
Convulsions in
carduc syncope 193
epilepsy 198
Stokes Adams attacks 123
Vaso motor syncope 198
Cor pulmonale (see Pulmonary e1 bol sm
and Pulmonary h art d sease) 444

Coramine 190 455
Coronary angntis 372 374
rheumatic 257 294
Coronary srtenies
anatomy 387
anomalous 206
atherosclerosis 372~4
calafication 374 397
d ssection 522
n hypertenstve heart d sease 375 433
mjury 526 530 532
subintimal hzmorrhage 374 384
n syphilitsc aort us 366
Cornary blood flov 366 333
Coronary embol sm 372 374
Coronary insufficiency acute 408~10
Coronary occlusion 370 37%-4 380 386
88

Coronary ostia stenos s of 366
Co onary sinus 108
Coronary sinus thythm 116 136
Cortonary spasm 377 386
Coronary T wave 93-7 389~97
Coronary thrimbosis (sce Myocard al
Sarctia 1) 380 386
definttion 387
enology 374
site of 387 8
spreading 454
treatment 384
Coton 1y thrombo angius 372 374
Coronary ves ligation of 3¥o
Cornig ns s gn 297
Cort sone 275
Coup! d beats 1 ¢ 130
Crush 1 jures 355 520
Current of injury 94 99
Cushing s syndron e 436
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Cyanide 12
Cyanosis 177

n matral stenosts 285
Cystic medial necrosis §21

D AH (see Cardiac neurosis) 535
Da Costa s syndrome (see Cardiac neurosts)
535~43
Dactyhe metre 164
Dalrymple s sign 481
Death (see Sudden death)
Dechofin irculation time 12 3t
Decompensation  {see  Congestize
Sfauure} 154~g1

Dementia

n heart failure 174

mn hypertension 422
Depolanred cell 63
Depressed sternum 35
Depressor reflexes 113 196
Development of

207t1C System 206

auricular sef tum 213

heart 203

pulmonary arteries zof
Dextrocardia 204
Dextroposition of acrta 236
Duabetes mallitus

W angina pectorts 371 378

tn athero lerosis 373

m ischzmic heart disease 408
Dusbetr retm>pathy 424
Dhamet 15 of the heart 33~5
Duphragmat ¢ hernia 377 406
Diastase unnary 40
Diastolic blood pressure (see Blood pres

heart

sure) s
Diastohie murmurs (see Aortie 3 tral etc)
Diastolic rebound 351 352
Diastolic report 349
Dhastolic shack 349
Duastahic tholls (see Aortee Mitral etc)
Dicoumarot 1n

angina pectons 384

cardsac anfarction 406 7

pulmonary embolism 451

thrombo embolic states 454
Dhcrotic pulse 1 arcul tory failure 34
Dherotic wave (of the pulse) 20

et

1 heart falure 179 185

10 hypertension 438

low sodwum 185-9

1n myocardial nfarction 406
Digital throbbing (see | asodilatation) soz
Digitalis

action 144 579 B4

administration 144 147 uk

atropine sntagomsm 148

1 auncular fibnilation u,-,.s

INDFN

Digtalis (contd )
auncular fibrilation from 32z
n aurcular flutter 144
and clotting nme 446
in congeste falure 179 &4
contta indications 124 196 313 31,

407
n diphthenue cardis 313
dose 144 147-8 184
ectopic beats from 130 322
electrocardiog fam 301 325
1n heart block 124
heart Linck from 322
e fefe ventereular fadure 17084 150
1n myocardial infarction 407
nodal rhythm from 3 2
1n paroxysmal tachycardia 138
paroxysmal tachycardia from 322
preparations 148
in pulmonary heatt discose 46¢ 474
and Q T intenal 325
in theumatic cardms 27§
sudden desth from 322
T ware 101
tove effects 148 322-5
1n toxic myocarditis 317
ventnicular fibrillation 1350 322
Digstoxin (see Digrealis) 148
Digoxin (see Digrtalts) 148
D1 iodotyrosine 478
Diodone 31
Diodrast 3t
Diphthena
ctreulatory collap e 1n 311
myocarditis 1n 311-13
Dipole 65
Dipping (on to Iner) 172
Disordered action of the heart (see Car fiar
newrons) §35
Dissecting aneurysm of the aorta 521-3
hemopesicardsum m 355
Dissemnated lupus 315
Dissociation  gunculp sentrcular
Heart block) 120-4
Distortion by dnugmg\ rays 29 38
Dretics 1845
Diuretin 18,
Dirzimess 197-201 516 538
Dock s sipn (b norching) 208
Dominance
left ventnicular 87-8
nght ventncular 88—
Dorsal attery of the foot
emboliin 313
palpation of 3 333
Doryl (see Cholinergic drups) 138 200
Double aortic knuckle 200
Double fayer 65
Doublet 65
Dresden cf ma look 300

(see
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Drinking (xee Af ohol) 316 1 lectrocardionram (coned )
Dropped beats atrial septal def et 218
i partial heart block 119 auncular ectemc beats 12
w sino-aurtcular block 1314 auricular [ waves 142 143 145
Deopey (see adem) 1723 aunicular fit nliation 145
Ductus arteriosus 2239 aunicular flutter 152
development of 206 aunicular standstll 14¢
Duliness cardiae 7 auricular tachycardia paroxs mal 13 -
m emphysema 465 135
n pericardnal effusion 345 auricular T waves 3
uroz er s sign 297 axts desiation of 85
Dysentenc polyarthrius 260 bers bert 516
Dusphagia {from) bun ite branch Hock (s ¢ B B I
aneurysm of the aorta 361 left 9o
goitre 436 nght 93
unf lded aorts 429 catbon monouide poisoming, 102 411
Dyspnera (1n) cardiac inyurics 529
heart failure 158-60 cardiac standstill 115
miteal stenons 295 carditis 104 312 317 318
psychoneurons 536 crrculatory fulure 102 410
clockwise fotation 70 82 B
Fetop ¢ beats 12731 lant left tar prepond
suncular 12y 133 342 ance B8 101 429
dugmosis 129 congenutal hyp rtrophy of the heart 205
from d gutalty 322 congestine failure recurrent 104
m dphthera 312 constrictive pertcarditis 349
etology 130 cor pulmonale 439 465
<¥perimental 130 coronary thrombous 93 389
nterpolated 131 current of injury 94
n myocardial infarction 389 397 dextrocardia 204
modal 128 digual s eff <t 101 325
In pregnancy soy diphtheriuc cardins 103 312
treatment 130 dissecting sneurysm 52+
ventricular 29 ectopic beats 127-31
Effort syndrome {see Ca d ac neu asts) 535 extra systoles (interpolated) 131
Effort toleran ¢ teat (1m) £ waves 1425
ang na pectoris 378 Fallot 8 tetralogy 242
fim ted cardiac reserve 171 fam hal cardiomegaly 203
Psychoneurasis gq0 Fuedler s carditis 318
Euthoven s stang g 1 anometer 67 hxmorrhage 102 410
Einthov n's theory 68 77 heart block
Enmhovennmngle 77 81 86 complete 120
E senmenger s complex 244-€ partial 118
ray sa retrograde 117
Eleetric shoek 531 h rizontal heart 77
Elect 1cal alternatson 167 hypertenst ¢ heart d sease 87 4 6
Electrical axis 81 g5 hypoe lewmi 79 326
deviation of 857 hypova 101 410 467
Xaton of 351 352 1d opath ¢ d latation of pulm n ry artery
Bl ctroca diogram (and see Electrocar i 232
© raphy 1chemc heart d ase 93 101 38
acute cor pulmon ! 44951 382
ueute cotonary s ufficiency 410 1solated myoca ditis 318
acute n phrits 327 left aur cular entargement 83
anEm g4 1 fraus de 1 ton 26
2N apectons 1o1 378 382 left v ntr cular nlargement 87
anovic states 10 4y left ventricular fa lure 8;
20Ttc mcomp tence 208 left eptricula prepond ran e 87 4 6
01 stenowis o1 long P Rnt nial 118

asphyxia 101 410 467 low oltag curves 103
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Electrocardiogram (contd )
ttral incompetence 283
mitral P wave 83 290
mitral stenosss 83 290-.
myocardial brwsing 529
myocardial infarction 93-7 38997
myocardins to4 312 317 318
myxedema 191 494
nodal ectopic beats 1 §
nodal thythm 117
normal 70-9
P mutrale (see P) 83 290
P pulmonale (sce P) 83 170 467
P Rintenal (see P R) 78
P wave (see P) 67 78 83 467
Pardee T wave g7 391
parovysmal tachveardia 13241
auncular 132-5
nodal 136
ventricular 137
patent ductus 224
penicarditis 99 342-4
Pick s disease 349
posture effect of 86~7
potassium effect 104 326
pregnancy 507
pulmonary embolsm 44951
pulmonary heart disease 463 465-,0
pulmonary stenosis 231 242
Q wave (see under 0) 69 ,8 o7
QRS complex (sec under QRS) 6370

8593

QRS patterns basic 73

Q T interval {see O T¢) 79

R wave (see QRS complex)

RS T segment (see under RS T 79
93-105

rheymatic carditis 269

night awis deviation 87

night entncular dominance 88

rotation of the heart 70 77 82 8,

& wave (see ORS) 69 79

S T intersal (see RS T) 79 93-to5

sino auncular bloch 144

sinus arthythmia 109

sinus bradycardi 133

T wave (see under T) 67 73-4 y3-105

Ta vave 67

thyrotoxicons 487 490

toc myocarditis 317

tneuspid stresia 250

tricusprd stenosis 307

U ave {sce under U) 79-80

uremia 103 326

1830 MOTOT syNCope tor

ventricular ectopic beats 129

ventricular escape 114

sentricular fibrillation 150

ventniculst septal defece 222

verncal heart 77

INDEX

Electrocardiography {and see Leads) 65~
151

accession \ ave 68

basie patterns 73

cardiac vector 8o

central termmal 68

chest lead 68-73

dipole theory 65

electrodes 68

equations 75 77 7%

excitatory impulse 65

fustory 65

nstruments 65 67

Limb lead 74-8

paste for electrodes 68

polanty 68

principles 65-77

regression nave 67

standard lead 77

standardisation 68

tecknique 68 70 95

theories 65-7

unipolar lead 68

Vilson s neutral electrode 68
Electrohymographsy 29
Elephant heart rate of 110
Elongated heart 35
Embolectomy pulmonary 455
Embole nephntis 334
Embolism (see Pulmonary embolism)

aie 457

1n auncular fibnllavon 150

n bacterial endocarditis 333

cerebral go4

1n congestnne failure 446

coronary 372

fat

forclzn body 458

ncidence 444

1 1solated myocardins 321 445

malignant 438

1n mutral stenosis <93

n myocardial infarction 403-4

paradovical 457

ren

splenic 332
Emotion effect on

blood pressure 5 537 540

breathing 536 538

cardiac output 533

pulse rate 110 537 540
Emphysema

clinical features 465

sntrathoracic pressure 472

1n kyphoscoliosss 47;

fung olume 19

n pulmonary Yooy dusease 464

rendual air 19 472

right aucrcular pressure 472

treatment 473
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Emphysema (contd )
s capacity 19 484 472
Ny 47
Encephalopathy
Endocardis
bactenal 330
theumatic 2¢5 280
wphil e 36¢
Ephedrme
masthma 473
o heart block 124
Ephynal (vitamn E) 384
Epilepsy 197
Episephnine (see Ad enafiny
Epistauis (in)
toarctation of the anrta zo8
Ypertension 434
theumatic fever 257
Erosion {of)
nts 208
Yertebre 361 36
Erythema 3
Marginaturn 264
multiforme 264
Aodosum 264
Enthrocyte sedimentation rate (n) 22
Songestive farlure 175
Spertension 22
myocardiat mfarction 389
Pulmonary wnfarction 453
tteumatic cardyns 259
yphilitic sortitis 465
Erythrogenic toxins 256
Essential hypertens on (see &y pertens on)
41
Ether airculation time 13 163
Eupaienne
Euphyli n (see Am nophyll e} 190
Ewart s sign 345
Examunation clinieal 211
Excitatory impulse 65
Evere se (ses Effo ¢ tests) 502
stion
Exophthalmye goutre (see Thyrotox: os 1)

hupertensive 434

Exophth Im ¢ oph
phthatmoplepia 48
Exophthalmos 481 e
Expansile pulsat on of

lefe u cle 52 a4,
bulmonary ‘rtery 52 218
Explormg elect ode 68
Ext acard ac murmurs 281
Extr ca duac sound 165
Extrasystoles (see Ectop  beats) 127-31
nt rpolated o ty g1
Eyes n thyrotovico 15 481
Eyeb i p essure 111 138
Pr

501

I ovaves
s aurtcufar fibnflation 146
n aurtcular flutter 133
Valure (see Congestere hea ¢ farlure) 154
191
circulatory 193 6 et 314
congestne 154-91
forwarg 154
high output 156
ischemic 370
Jeft ventncular 157
low output t56
night ventnicular 168
syncopat 193
Laintng (see Syncope) 194
Fallot s tetralogy 236-34
angiocardiogram 242
catheter fndings 242
creulation time 243
climcal features 237
complications 253
defimtion 236
electrocard ogram 242
feemodynamics 236
prognosis 233
treatment 253
Xray 57 240
Famiat cardiomegaly 205
Fat apical or triangular pad 35
Fat embolism 457
Fat metabolism tn atherosel £ 15 373
Fatigue 537
Fatty degeneration of the heart 313
Femoral arte ovenous aneurysm 513
Femoral blood pressure 5 2
F moral phlebothrombos s (sce Phleba
thrombos ) 315 453
Fernoral vein 1paton of 455
Fever 50z
mn nxma sof
m bact rial endocarditis 331
n dissecting aneurysm 5 2
in myocardial infarction 389
m myocardit s 316
penicillin 338
m pericarditis 341
n pulmon ry infarction. 453
in rheumatic ¢ ditis 259
and sinus tachycard a 11
thioutac! 385
Fib nous perica ditis 34t
F bros s of the Feart
scham ¢ 388
1n solated myocarditis 318
nutnt onat 3 1
heumn te 307
thyrotovic 480
prnaiple 15
scardts 318-.x
clubbing (see CI bbr &) 333
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Frest heart sound
1n auncular flutter 142
1 bundle branch block 1 &
1 heart block 122
n hyperkinetic circulatory state  Io
mecham m g
10 mutral stenosts 286
and P Rmtenat 10
weak 178
Fiest oblique position 26
Fits
epileptic 107
Stokes Adams 122
Flwds 1n congestne fatdure 179
Fluorophotoraphy 31
Fluorascopy
techmque 25-7
safue m
aortic aneurysm 38 363
atrial septal defect 52 .18
calcified val es 61 301
matral mcompeten e 52 83
mvocardsal infarction 44 397
myocardual foreizn bodies 526
pericardial effus on 61 345
Picks du case 61 349
Flu hes
amyl mtrte 382
cholinergie 138
menopausal 200
after Stokes Adams fits 121
and syncope 200
Fa al adenoma 486
Feetal airculation 213
Teeta) er docarditis 203 229
Fretal goutre g131
Fetal rthythm 148
Foramen osale (see Patent foramen ovale)
213
Forearm blood flaw
1 Cheyne Stokes breathorg 168
n thyrotoxicosss 4838
Foreign bodies
embolism from ¢58
intravascular 458
myocardial 535 7
pericardial 385 5256
Foreed breathing 200 536
Forward falurc 154
T ourth heart sound 163
Fractures
emboli from 446
fat emtolt from 457
Frank s capsufe z¢
Friction tub
pencardnl 341
pleural 453
pleuropencardial 342
Frght 528

INDEX

Frust diet (in)

heart failure 185

hypertension 438

myocardial infarction 406
Functions]

aottic woompetence 424 $03

aortic systolic murmur 282

arthythmia 109

bradveardia 112-17

breathlessness 536

bundle branch block 139

dizziness 538

fatigue 337

headache 538

hypertension § 416

mistral diastolic murmur 288

mutral incorapetence 232

mitral 8y tolic murmur 273 282

pan 377 537

palpitations 536

parasternal murmur 220

pulmonary mcompetence (sec under £1/

monary tncompeten ¢}

stgns and symptorns i anxiety stat s 540

sweating §3R

syncope 1g3-201

systolic murmur 281 503

tachycardia 110~12

tricy pid incompetence 303
Fualr ocular ()

20ThE incompetence 298

bacterial endocarditis 313

drabetes mellieas ¢ ¢

examunation of § 423

hypertension 4 3

nephritls 424

pulmonary heart diseas. 465

rheumatic states 2

superior vena cava obstruction 424
Tusiform aneurysm 38 357 364

Gall stones 405
Gallop rhythm (in) 363
auncular 164
bundle branch block 126
conestive heart f ilure 165
diphthentic carditis 312
hypertensive heart fmilure 165 4 ¢
sschaemc heast fallure 165 383
1solated myocard tis 31
Teft sentnicular fa fure 158
left entricular stress 163 165 380 424
long P Rntersl 164 165
rutral atenos 1 165
normal persons 166
nomenclature 166
Pick 5 disease 165 349
presystolic 164
protodastohc 163
pulmanary heart disease 462 455
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Callap thythm (contd )
theumatic carditis 273
night ventricular stress 164 462 465
summation 165
sistohe 163
tachycardia 163 1t5
toxic myocardins 2 3
Calvanometer Tintho en s string 6~
Canglionectomy  steltate 386
Gas anshsis 16
Cerger eounter 490
€ crman measles 2o
Gunt g wave {see a trave} 170 229 306
362
Gibson murmur 223
Glycogen retention 205
Clycosunia 22
Contre (see Thyrotoxtcosss)
adenomatous 479 486
I mcat features 480
collod 479
diffuse hyperplastic 479 486
endemic’ 479
exophthalmuc 473
fatal adenomatous 486
in fatus 495
Iymphadenoid 486
mal gnant 486
nodular 479
smple 479
substernal 485
surgmcal treatment 490
from thiouracil 493
m thyroid us 486
Goldberger s augm nted leads 75
Goldblatt clamp 419
aococcal
endocarditis 330
polvarthnitis 260
Gradient (ventncul 1) 82
Graham Steell murmur 216 288
Gray s disease (see thyrotoxicoss) 478
G eat vessels development of 206
Gre ter systohc o} ¢k 16,
Grow ng pains 263
Gumma of the heart 367
Gun hot wound 354 528

Hamangiom  s11
Hematemesis (in)
aortic aneurysm 363
ypertension 434
Hem tura (i)
b cteral endocardt 334
dicoun rol th apy 45+
diss cting aneury m 5 3
b tfalure 334
nephrts 334 433
enal nfa cton 334
Hemic murmur 503

563
Hxmochromaty 18 321
11lemoglobin
in cyanoms 177
general 22
oxygen carryng capa w f
Haem lyssng
anti streptoceccal 280
streptococeal 256
Hemopenicatdium 354
acerdental 348
1n blast ingury 529
n di secting aneunysm 523
n gunshot wounds §25
from tndirect a1y 52)
malmant 354
\n perforated caediac mfarction 404
1 rupturcd heart 520
sn ruptured syphilitic aneurs ™ 363
instab  ounds 527
traumatic 354 529
twberculous 353
Hlemoptysis (in)
atrial septal defect 216
bacterial endocarditis 334
congestive heart fa lure 175
dis ecting aneurysm 523
hypertension 435
1solated myocarditis 321
left sventricular falure 160
m tral stenos s 293
pulmonary aftet 0 \enous ancurysm §13
pulmonary infarction 453
ruptured aneurysm 363
Hamorrhage
n bundle of Hs 531
cap llary 257
cerebral 333
coronary 348
and coron ty msuffic ency 408
in d cournarol pot oning 454 455
ffect on circulation 503
electrocard ogram 102
petechal 257 332
purpuric 33z
tetinal 334 423
subarachnoid 434
sub ntimal 374 384
and syncope 19
Hzmothorax (10}
d ssect ng an urysm 523
pulmonary nf rct on 453
ruptu ed ancurysm 363
Haldane s apparatus 16
Hands (1)
ar chnodactyly 216
cho ea 26t
psy honeurosts 485
thyrotoxicos: 485
H re h artrate n 110
H humoto s d se se 486
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Hay type of dropped beats 119 Heart ddatation of (see Cardiac enfarge
Headathe ment,
anxsety §38% Heart disease
1n essential hypertension 422 etiology 1
n fa¢ embolism 458 mnodence 1
hustarmine 538 mortality 1
1n hypestensie encephalopathy 434 Heair enlargement etc  of (see Cardiac
1n paroxysmal hypertension 421 enlargement etc
Temsten 538 Heart failure (see Congestre heart failure)
Head tnjury {and) 15490
auncular fbnllation 147 §231 Heart measurernents 34
auncutar flutter 147 Heart rate 110
stnus bradycardia £13 Heart shape 25-7 33
Heart block (auniculo ventricular) try~24  Heart size 33 g
1n auncular Sbrillanon 147 Heart sounds g ro 163 178
in aunicular flutter 142 144 suncular 120 163
auncular sounds 122 m congestnne failure 178
blood pressure 122 distant 178
bundle branch block 1 120 in emphyserma 465
cannon waves 118 122 extra 165
cardsac enlargement 35 1.2 faint 178 335 389 463
cardiac output 122 first (see First heart sound) 9 10 163
clingcal features 120 fourth 163 164
complete 120-4 n myoeardial infaretion 389
congenttal 1zo n pericardial effusion 345
congestive falure 122 124 reduplicated 164
dimtshs 124 322 second (see Second heart tound) 10 163
diphtheritic 312 spht 1o 1
electrocardiogram 11821 third (see Therd heart sound) 163-5
ctiology 138 120 weak 178
first heart sound 122 Heart weight
grades 17 n anzrmia 506
hemodynamics 122 m hypertension 425
Hay type 119 Helwm 19
hypertensive 425 Hemuplegia 16 318
1schemic 389 Hepatin (in)
n isclated soypeardims 32t acute caronary msufficrency 384
m royacatdial infarction” 389 admsnistration of 454
m Paget & disease 517 bacterial endocardius 366
paroxysma) 120 12z 123 cardiac cathetensation 16 242
n paroxysmal tachycard a2 333 myocardial infarctian 406
paroxysmal tachscardia n 123 124 pulmonary embolism 454
partl 118-z0 rheumatic fever 266
pathology 120 thromba embolic states 454
prognasts 124 Hepatsc csrthoss {see Crmrhoss)
pulse 120 122 124 Hepatie compression {manual) 171
retrograde 137 128 129 Hepatic distentron 171-2
rheuruatic 271 307 falure 517
“tokes Adams attacks 12z function 1n thyrotoxicosts 488
sudden death 124 pan 175
syncope 120 193 Hepatie pulsation
syphilitic 24 367 Pre systolic 229 306
mn toxic myecard is 317 systohc 171 304
transient 118 120 Heredaty (in)
traumatic §35 anxiety atates s41
treaument 124 congenital heart disease 203 79
enous pulse 322 170 hypertension 418
ventstcular fibnflation 123 x24 theumate fe es 258
Wenckebach type 119 Hening Breuer reflex 285

\ rav 122 Herna dsphiagmauc 337 406
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Herxheimer reaction 367 368
ihizh blood pressure {sec T3 pertension)

41630
Ehigh output failure 156 502
Hilar shadows 26
His Bundle of (see I ndle of Hu) 10%
Histamune

action of 200

circulation ime 12

headache 538

test for phatochromocytoma 422
Hustory talung 1
Hoarveness (in)

aneurysm 361

mutral stenovis 293

myxadema 496
Homans sign 453
Horzontal heart 35 77
Horrer s syndrome 3¢
Hydremia

0 acute nephritis 328

n adema 173

Venous pressure 1n 171
Hydrogen for measuring lung volume 19

ydrogen peroxide for cleanmy catheters

17
Hydropenicardium 174 356
Hydrostatic pressure 173
Hydrothorax
0 congestive heart falure 174
I left ventnicular fadure 44 161
Hypercholesterolemua
n atheroscleronss 373
n myxaedema 4967
Hyperpiesia (see Hypertens on) 41650
Hyperpneea (see IT3 pertentilation) 200 536
Hyperkinetre circulatory states 155 502
anemia soz
arter o venous aneurysm 513
bers bers g4
exe a8 s02
fe er 266 5oz
hepatic falur 517
Paget s disease 17
pregnancy so7
pulmonary h art d ease 464 465
thyrotovicosis 487
urema 21
Hyp rtensn 419 420
Hypertensinase 410
Hyp rtensnogen 419
Hypert nsion (and s ¢ Hip re nst € hoart
disease) 416-30
atbum n
angina pectort
ang otonin
ath rosclerosts and 374 419 433
auscultatory gap 4

n 375 429

nign 423
b ochemn cat hypothesi  419-20

Hypertension (contd }
blood pressure 133 421 435
Blood viscosty 420
blood solume 420
cardiac output 420
ceret ral manifestations 433 434
dasyification 416 4§17
clinieal features 421-34
i eoarctation of the sorta 208 418
cold pressor test 418
n coloured races 417
course 434
1n Cushing s syndrome 436
defimtion 416
drastolic 416
diet 437
and emphyscma 473
cpistaxis 434
essential 417
eniology 417 419
expennmental 41)
funcuonal 416
hxmatemens 434
hzmoptys s 434
heart 1n (sce H)pertensite hea ¢ d sease)
424 43!
heredity and 418
humoral theory 419-20
incidence 417
low sodium diet 437
lymbordorsal sympathectomy 439
malignant (see Maligna t hypertensign}

419
tmenopausal 416 437
in miteal st nosis 417
mortality 435 436
nephrectomy for 436
nephntic acute 327 417 424
chromie 418 424 433
nenous 5 420
noctu @ 433
and obesity 416 436 437
ocular fund
pap lledemsa n 424
paroxysmal 417 421
pathogenes s 417
persistent 422
phzochromocytoma nd 421
phy iology 419-20
polyur a 433
im p egnancy 417 51
s
P onary o's Putmarars kspertenss m)
461
uls 422
:yelon phritc 418 436
renal 417 420 436
renal biopsy 1 419
renal functon n 420 433
renn 419-20
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Hypertension (contd )
retinopathy 423-4 43>
sex mcidence 417
Smuth vich operation 439
trohe 433 436
«ubarachnoid hemorrhage 434
surgieal kidney 418
surgical treatment 430
sympathecromy 439
sYmptoms 42.
sistchic 416
thiocyanates 438
thyrotowe 416
transient 417 422
treatment 336 40
urme 433
varetes 416
\ascular changes 410
250 constiction 420 422
ene ection 437
Hypertensive encef halopaths 534
Hspertensine heart disease (see Huperten
siom} 416
angina pectons ;429
aortic w competence i 324
auncular fibrllation 424 425
auricular flutter 425
cardiac agthma 160
cardiac enlargement 425
congestine heart faillure 42
cotonary crrculation 433
course 43
electrocardiogram 87 4 69
gallop rhvthm 164 424
heart bloek 10 425
Teft ventneular fadure 157-63 42,
orthopnaea 158 425
paroxismal cardiac dyspnara 160 4 »
paroxysmal tach cardian 4 §
progrosiy 435
pulmonary edema 160
pulsus slternans 166 423 424
N 3y 4z 49 479
Hypertensy e heart falure 425 435
Hypertensne rehinopathy
Heperthvrowdism (see Thyrotovicons) 478
Hyperventlaton
m anxery states 536
n emlepsy 199
and svncope 200-1
Hypnoties 179
Hypocalczmia 79 326
Hypoplasia of the sorta 42
1n atrial septal defect 218
1n coarctation 209
10 ptral stenosis 288
Hspoplasia of the puimonary arters 5= 240
Hypotension
m cardiac tamponade 345
« gareulators fatlure 3rr 314

INDEX

Hypoten son {cantd )

m isolated myocar htis 318

m myocardual nfarction 389

orthostatic 19, 200

phy wofogical 5

ta pulmonary emboli m 449

m syneope 195-9
Hypothyrowdism (see Sy vaedom s} 496
Hvpovia

electrocardiogram 10t

i pulm nary heart disease 464

test for angina pectonis 378
Husteria 199 263 536

Tced water 138
Immersion 1 528
Teterus 175
1digpathic
dnaration of the pulmonary arters 2¢
hypertrophy of the heart Lo5
pulmonary byperension (see Prinary
pulmonary hypertension} 4€1
Idioventricular pace maker 1.3
Intidence of heart disease 1
Indifferent electrode 68
Infection and the heart 313 18
Infectne endocardinis (see Bactertalj 330
Inferior vena eava
Digation 455
pressure on 196

nframammary pain 537
Infundibular stenosis 229 236
Inwal entncular deflecton 67-70
Injuries to the heart

direct 525~7

mdireet 528-31
Tnnocent

pan 10 the chest 537

parasternal murmur .22

svstolic murmur 25t
Innominate aneurvsm 423

Tnter atrial block 84
Inter qunicular septum 213
Intermuttent claudication

0 bers bers 516

n coarctation 208

panin 374
Tnterpolated extrasystoles 130
Interstital myocarditis 315 318
Inters emtnicular septum

defect of 220

latestinal distension 1 1



INDEYX B

latracacdiac teads "3
Intracardiac thromboss 444
Intra myocardial pressure 433
Intrathoracie pressure 16

i emphyserns 4 2

nl feventricular falure tho
Intravascular clottng 445
Intras entncular block o
Intansic deflection €8
Inteavenous infusinns

W anrmiz so3

0 arculatory farture 311 313

and venous pressure 155
Jodide i svphditic anrtns 3¢~
Todine

meollod 4 8
lackaf 4 ¢
radwactine 191 490
test for thyrotoxicosis 439
and hthmurzc:l 452
n thyrotoxicoss
Todothyrin 458 o
Irntable heare 53,
Ischamuc heart disease (see 4 £ ha pectons
and Myocardial v farction) 370-511
acute coronaty insufficiency 384 408 11
age madence 371
alcchol i 371
angina pector s 373-86
defintion 370
etolagy 372
hustors 370
nadence 370
myocardial infarction 386 408
occupation and 371
Pathogenests 372-4
sex mcidence 370
tobacco and 371
Isolated myocardit s 318~22
Tsometric contraction 19
Tsopotentiat level 79
Isopropyl nor adrenalin
asthma 4
8 heart block 124
Isthmus aortic 207

Jundee 175 306
30
Joffroy s sign 485
Jugutar phiebog am (see T eno s pr fse) 10
Jugul ¢ pulsation (see ¥ eno s pulse) 169-

170
Juxta medultary byp ss 420 421

fahn test 358
atha om t 19
heth nd F1 ¢k nod of 108
Kempner diet 438
Rent bundle of 241
Khellin 382
K dney (see Aephr £ s and Remal)

%

unked gorta 52 474

hunked earotud 423

hoid nychia m thyrotoxicoss 488
hus maul s ugn 349

Rymosrm 1n carduac farction 397
Kymography 20

Ryphoseoliosss 474

Laryngeal palsy
n ancurysm 36¢
0 matral st nows 293
Late sastohic murmur 2%z
§ cadimy, questions 1
Leads (electrocard ographic)
bipolar (%
CF 74 77

Goldberger s augmented 75
ntracard 2¢ 3
eesophageal 73
standard 77
untpofar 69
himb =4
3 68 o
Left antenor oblique position 27
Left aunscle (see Auncle lef1)
Left auncular appendage 26 216
enfargement 47-52 28!
Pwae 83
pressure 213
Leftaxi de 1aton 85 86
Left bronchus 27
1 aneurysm 360
i mutral stenosis 293
Left bundle branch block (ec B ndle
brancl block) go 126
Left inframammary pain 537
Left ventr cle
abnormalit es 42
m & urements 34
X ray 25-7 35
Left ventricular aneurysm (¢
aneurysm) 404
Left ventricular chord 3.
1 eft ventricular enlargement (1) 42
sortic ncompetence 29!
aortic steno 3ol
co rctat a zof
electrocardiogram 86 87
faml 2 cardiomeg 1y 20§
hyperten 1on 425 429
m tral sncompetence 283
myecardial infaret on 37
patent ductus 224
tricu pid atr s a 250
cent rcular eopt 1 def ot 222
X ray 42
1 oft ventricut 1 fafur 157 (3
1» Bcute nepheits 337

Cord ac



568

Left ventnicular farlure (contd }
ammophylling 190
i 2nEma §ol
m soriic incompetence 229 365
basal rales 160
bleod pressure o
cardiac asthma 160
cardrac output 160
Cheyne Stokes breathing 167
creevlation time 161 163
chinical features 158
cyanosisin 177
definition 1546 157
digitalts t79-84
dyspneea 153
electrocardiogram 84
etiology 156 157
gallop thythm 164
hydrothorax 161
n hypertension 425 435
wmtrapleural pressure 160
low sodium diet 1859
lung volume 161
mechanism 154 158
mercunal dretics 184
morphine 190
n myocardial mizrction 389 403
orthopneea 158
otyLen g0
P wate changes 84
paroxysmal cardiac dyspaeca in 158
posture 158 179
prognosts 1789
pulmonary congestion 158-61
pulmonary ederna 135-61
pulsys alternans 166
i rheumatic carditss 270
teteavthylammonium bromide 190
theophyiline 100
trearment 17g-91
venesecuon 179
enous pressure 160
venous tourniquets 196
sital eapacay 158
Noray 44 161
entneular preponderance (see Le/t
tentricutar enfargement) By 426

egs
blood pressuren 5 208

1 esser systolic chick 165

Leucocytosss (1n) 22
bacterial endocarditis 322
myocardial ifasction 389
pulmonary infarction 453
rheurnatic earditis 259

Iad lag 481 48x

Lad retraction 481 485

Lamb leads 74 77

Lipords n atherosclerosie 373

INDFX

Laser (see Hepatic)
dipping on 172
engorgement of 171-2
palpation of xyr
percussion of 1yt
sugar 1cing of 353
Long diameter 34
Lordosss syncope 1 196
Law blood pressure {see v potension)
Low ocutput fafure 150
Low sodium diet (1n} 185-9
heart fallure 185
myocardia] infarction 406
hypertension 437
Low soltage electrocardiogram (in) 103
anzmia 506
myxedema 496
penicardial effusion 342
Pick s disease 349
pulmonaty heart disease 467
Luetic aortitis (see S philire) 358-68
Lugol s 10dine 1n thyrotoxicosts 489 491
Lumbo dorsal sympathectomy 195 439
Lurmunal {see Phenobarbttone)
Lungs (see Pulmonary)
collapse of (see Collapse) 35
cystic 464
examination of rr
theumate 265
silicosts of 464
I ung volume 17-19
m emphvsema 19 4
i feft ventocular fsu]ure 19 161
i wutral stenosis 292
Lupus disseminated 315
Lutembacher s syndrome 216 218 220
Lymphadenoid gortre 486
Lymphatic aedema 173

DMachunery mutmur (see Confinuons mut
mur) 223
Mackenzte s polygraph 19
Macula star Brure 423
Magnesium sulphate 139
Maladre de Roger 222
Dlalar Bush 286
Malignant endocardins 330
Malignant exophthalmus 481
Mahignant gottre 486
Malignant hypertension 433
arteriolar necrosis 0 419
experimental 419
papiliccdema i 424
Prognosis 435
renal function 433
retnopathy 10 4234
Malignant pericarditis 3
Malgnant pulmonary tc 458
Mahingenng 540
Matnutrition 321



INDTN

Mandest mean vectors 82
Marey s lan 330
Margmate erythema 263
Ma sive pulmonary emboliem (sce Pibm n
ary embal ym)
chmical features 447-¢
definition 447
electrocardiogram 44 -5t
mortality 444 453
syncope m 194
treatment 455
Measurements cardiac 34
Mecholin (see Cholmergic drugs) 138 200

516

Medual calerfication 419 422

fed al necrost of the sorta g2t
Veduastinal tumour 34 362
Medustmopencarditis 351
Medico Jegal aspects 532
lemere 5 syndrome

auncutar fibntlation n 53¢

$yncope in 200
Menngitis and auncular fibnllaton 143

Meninmas

“:mnmcuml myocarditis 314 31§
nopau. e and hypertensinn 416 437
and syncope 200
and thy rotoxicosis 480

Mercurual diuretics 184

Mercurophylt ne 184

Mereury in syphallis 3¢7

Mersaly) 184

Methy! thiouracil (see Thron actl) 492

Metre of the heart beat
amph brachic 164

dactyhie 164
Md davicular line 6
Mid duastolic murmur 1 18
M1 wheel murmur (see Cont nuous wr v

)
Milroy s edema 173
“\‘hrrur mmage dextrocard 2 203
Litral calosfeation 63 284 517
Mitral duastolic murmur 288
manzmia so3
n aort;,c incompetence (Ausun Flint)
2

of

% atri 1septal defect 216

i coarctation of the aorta 208

funct onal 288

. m tral steno s 296-8

T patent ductus 224

10 theumat ¢ cardst

n thyrotox co s 487

n ventrieul r septal defect 222
Mit al ncompetenc 290

and aneurysmal 1 ft auricle 284

clin cal features 28z

functional 282

270

369

tierat sncompetenee {contd )
kymography 284
left suncle 283
left ventricular enlargement 283 2%
physialogy 382
rheumatie 282
traumatic 530
N ray 54 283
Nutral 1 wave (see P om tral) 84 290
Mitra) presystolic murmur 270 288 296
Mitral ning 282
\litral stenosis 28494
in actine rheurnatic carditis 2 )3
angina pectons in 24
angiocardiopram 47 20
arterial oxygen saturation 23
and atnal septal defect ([ utembacher s
syndreme) 216
auticular fibnitlation in 247 293
auncular flutter 10 293
bacterial endrcard uis in 294
bronchiis in 293
calafed 285
cardiac output 292
arrculation tme 292
o nical features 285
and coactation of the aorta 204
collapse of the lung in 293
complicatiens 293
congesti e falure 1n 285 293
course 294
cyanosis 28,
development of 258
dvspnea 285
electrocard ogram 290-2
emboli (svstemic) 293
function 1 stud es 292
hamoptysis 293
hyp £t ns on i 294
intracardiac thrombo s 0 444
laryngeal palsy 293
left auncle in 47 285 288
1 ftau 1cul r pressure 285
lung olume 235 202
mstral d astol ¢ murmur 2868
rmuteal incormpet n 284
open ng sn p 28
orthopncea 158
Py ve 83 290
p oty mal cardi ¢ dy pnora 28 293
p thology 284
physol gy 284
pr systolic murmur 288
P ognos s 294
p ilmonary congest on 285
P ilmonary mbolt m n 443
pulmonary hemos deros 290
pulmonary hyp rt nson 8s 292
pulmonary mcompet nce 288
pulmonary nfarct on 293
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Mitral stenosis {contd )
putmonary aedema .93
pulmonsry tuberculosis i 293
sheurnatic fustory 27!
and rheumatmd arthritis 256 193
surgscal treatment 308
and thyratexicasts 294 494
traurnatic §30
treatment 308
triple thythm 166 286
aso constitction m 285
venous pressure 285 292
wataf capacity 285 292
X ray 56 288
Mtral systobic murmur 273 282
Atral valve disea ¢ o8B0
Mitrat valvults 270 273
Altzal valiutatomy 308
Mocbms sign 485
Monckeberg s sclerosts 419 422
Mongolsm 03
\onocardiogram (of Mann) 125
Morbus ceerulens 203
Mosphine (m)
asthma 473
congest: e farlure 179
dissectng aneurysm §23
myocardial snfarction 306
parovssmal cardisc dyspneea 190
Mortalits from heart disease 1
Vuller s cxperiment 224
\urat thrombosss (n) 444
bacterial endocardins 230 336
iolated myocarditis 318 322
rtral stenosss 243
cvacardial mfarction 388 494
Murmur (and see under ttems tisted)
aort ¢ diastolie 295
aortic systolic 28¢ 3or
apcal systol € 273 281-2
arter o venous {see Confimioess) 514
Auvstnr Flnt 296
basal systotic 281 jo1-z
cerebral or cramal s11
cont nuaus 223 229
Duroziers 297
extracardiac 281
functional 281-2
Gibson $ (continuous) 223
Graham Steell (putmonary
2xb 288
hemie 503
humoung top (continuous) z23
maocent 273 282
machmery (contmuous) 223 229
AL whieel (conbinuous) 223
rutral diastolc 288
rmitral presyssolic 118 270 288 206
ymitral ssstohie 293 2382
propagation of ¢

diastalicy

INDEX

Murmer {contd }
pulinonary duastolic 216 288
pulmonary systolic 216 220 231
respiratory 281
thyrod 486 491
to and fro 364
train in tunnel (continuous) 221
tncysmd diastalic 306
tncuspid systohc 304
rascular 208
tenaus humming 229
whining 331
AMyasthenia gravis 487
“ycotie aneurysm 333
Afyncardial abscess 354
“fyocardiat brose 529
Myocardial fibrosis {(sec Fibrosts of the
keart) 307
“Myocacdial infarction 386-408
after effects 405
and angina pectons 405
anterior 389
anteso lateral 391
antero septal 391
auncular fbrllanon m 399 463 407
auncular flutter in 389 403 407
blood pressure 385 4o
bundle branch block it 362
cardac apeurysm 388 197 404
cardrac enlargement 399
cerebral embofism 404
cerebral thrombosis 404 406
clinical features 388-0
clotiing ime 443
complications 397
congestne fmfure 403 408
and coronary thrombosis 186 387 388
course 397
dugnosts 4035
dicoumaral 406
diet 406
ectopic beats 389 397
electracardiogram 93 38997
electrokymography 397
embols {systemc) 404
erythrocyte sedimentation rate 387
etialogy 368
fever 389
gallap thythm 389
heart block i 389 403
beart sounds 389

kymagraphy 44 397

teft ventricufar faijure 403
ieucocytosts 389

tocat on of 387

morphine 406

mural thromboms 388 403 435
myomalacia cordis 3



INDFX

\soeardual mfarcrion {contd }
nodal thythm 403
Paroxysmal car Jiac dysncea 389
Paroxysmal tachycardia in 3%, 403
Pathology 388
Perfotated septum 4oq
Perforation of 355
pencarditiy 4og
Fhicbathee mboses 403
Posterior g4 g1
prognasis 408
pulmonary embolism 403 40
quin dine 406
ruptured heart 353 339 404 405
wgns 38
site of 384
Symptoms 388
nncope i 335
traumatic 31
treatment 4of
Venous pressure 389
ventrcular ancurysm 388 397 yo.
sentricular fibnllation J;tn :’4071 4

Ty 44 3
Myocardial sschamia (sce Jschamic Jea t
sease)
Myocardual necrc s
from acety1 cholme 322
in acute coronary msuff ciency 410
from d gutalia 322
n diphtheria 312
sschammic 188
in ssolated myocarditie 308
toxic 314
vagal 33z
Myocardit  318-28
allergic 315
M bacterial endocard s 315 33t
335
Chagas d scase 315
<l nical features 316-17
n d gitalis poisoning 322 5
dphtte e 3
in disseminated lupus 315
from drugs 326
electrocard ogram 1n 105 317
fom emetine 325
Fiedler s 318
mfluenzal y1¢
solated 31821
m nngococcal 315
n phntic 327
n pneumont
progny s 317
protozo t 315
pyogenic 32z
theumatic 266
1 serub typhus 315
ulphonam de 315
toxe 314

315

Nyncarditys (cont § )
treatment 317
1n typhoad fever 316
Myocardsum putntion t ¢
Myomatacir cor i 38%
Myxawdema 469
anamiain 4
anEna pectIns m 47
artif el 1ot
basal m tabolic rate 4
blood cholestersl 436
cardiuc enfargement 417
circtlation time 450
chinal features 45f
tlectrocardiogram 406
hydropericardium 1n 356 4,7
Tocal (in thyrotoxicost ) 488
Raynauis phenomenon 436
from thouracil 190 385 4,2
treatment 49
\yxoma suncular 193

NAB 36
Nau elle s digitaline 148
Nephnitis
acute diffuse
1 bacterial endocarditis 334
hypertension in 417
myocardites 1 327
pulmonary edema 327
retinopathy 424
in rheumatic fey © 332
venous pressu ¢ 327
chrenic 433
card ac enlargement 4 §
hypertens on 416 417 418
wdema 173
Pprogros s 433
ret nopathy 423 4 4
embolic 334
Neptal 184
N resupply fthe he rt 109
Neuro reul tory asthem  (se Ca fiac
new 0 s} 535-45
nomenc] tu e 535
Neutr Lelectrode €8
Neutral segment 26
N cotine 320
Niketham de {0 amn ) 190 455
Ntrtes 381
Nitro glycerine 378 381
Nodal ectopics 126
Nodal e cape 113
Nod 1 rhythm 113 117
Nd s of the h art 108
Nodular gotr 47y 485
Nodle
pe tardal 257
rheumat ¢ subcut nesus 265
rh umatod 25
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Nor adrenaline 0 asthma 473
1 heart block 124
Notehing of the R wave 79 90 93
Notchung of the nibs 208
Novarsurol 184
Novocame {imtrat enous)
1m paroxysma) 1achycardia 133
1n ventacular fibrillation 151
Novutie 18y
Nutritional cardropathy 321
mn ber bert 51416
n hypettension 157

Ob sty
1n engma pectoris 381
electrocardiogram 86
m heart faljure 179
n hypertension 416 436 437
X say of heartan 35
Oblique positions (X sy} 26-7
Qccupation (in angina pectois) 37t
Qcular funds (see Fundty 5 423
CEdema 192-3
allergie 173
i anemia 173 503
angioneurotic 173 338
cardiac 173
cercbral 434
wfra orbital 173
lymphatic 173
“ifroy s 193
nephrite 173
nephrotc 173
physsology 1723
n Pick s disease 349
pulmonary 158
renal blood flow n 173
rheumanc 257
sodum retention 1 173
starvaton 173
m superor vena €2 a gbstiuction 173

162
treatment 184 185
n venous thromboss 173 453
Esophageal fead 73 301
{Esophageal pamn 406
(Esephageal spasm 377
Esophagus
d splacement from
left ausicular enfargement 57 388
et

INDER

Opposing mosement pownt of 26
Orthodwgraphy 27
Orthopneea £s8
Orthostatic hypotension zoo 538
Orthostatic syncope 145
Ortner s s1gn 293
QOscillograph 27
Qsler s nodes 333
Osmotic pressure {in edema) 173
Ouabam 148 184
Qverloading of the heart 154
Oxygen
artenio venous difference 13
capacty 16 17
carrymg power of blood 17
consumption 15 488
content 16 17
in cyanosed congenstals 243
lack 167 201 378
tn pulmonary embolsm 455
1n pulmonary heart disease 464 473
n pulmenary redema 190
satutaton 16 17
unsaturation 16

P inverted 83
m aunculay ectopics ¥27
m coroqdry sinus thythm 116 136
i dextrocardia 204
m nodal thythm 117
1n paroxysmal auricular tachycardm 134

13§
mutrale 84
m aprtic valve disease 209
sty hypertensive heart disease 83
1 Jeft ventricular farlure 84
0 mitsa) stenosis 290
P pulmonale 83
n Fallot s tetralogy 242
and guant @ waves 170
i mutral stenosis 290
physology 467
0 pulmonary embolsn
1n pulmonary heart d:sease 463 467
m pulmonary stenosis 231
10 thyratoxicosss 487 490
n tnicuspid stenosis 307
P wave
abaormal 83
normal 78 467
! o7

pericardial effusson 61
right gortic arch 42 242
unfolding of the aorta 419

obstruction of 361
X ray of 26

(Estrogens 200

Qliguna 172 374

Opening snap 286

Ophehalmascopy § 433

P Rnterval
and hesrt sounds to
m myocardis 332 317 311
normal 78
prolonged 158 271 316
shartened 139
0 theurnatic carditis 271
Pacemaker 108
wandering 117
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Yagets dr ease sty
Pan

n sngins pectons 375 376
n dissecting ancurysm g22
teft nframammary 537

Yaroxysmal h art black 120

Paroxysmal hypertension 417 421

Paroxssmal tachycar ha 333-41
auncular 132

n massive pul ry embolism 447
in myocardial infavetion 388
wsophageal 377
penicard a) 341
i pulmonary infarction 483
spinal 379

Palate high arched 206

Pallor

Manzma o6
0 Anxiety states o
@ hypertension 422
M ryocardal mfarction 380
1 paroxy smal cardinc dyspnca 160
petiphera) 506
n pulmonary embolism 44,
17 3450-motor syncope 1
Palmar flush 5-7) e
Palpatian (of the b an) 6
Palpitat ona ) 516
anxmis 503
anxtety states 536
aunicular fibrillaton 147
ECIop e beats 130
Ypertension 422
Paroxysmal tachyeard a 135
thyrotoxicosts 487
Pancardst;s 255
ancrestis 406
Pap lleed ma (in)
seute n photrs 424
bacternal endoc rditis 334
cerebral tumour 4 4
hypertension 424
Pulmonary heart d seas 465
toxzem a of pregnancy 424
Pavacentes s pe cardial 348
Paradoxical embolisen 457
0 ¢a diac catheterisat on 16 242
m Fallot s tetralogy 243
P radoxical puls t on
of left aur cle 52 283
of left ventricle 44 397
Paadoxc L pulse 349
Purasternal dafl ess 160
ara ternal murmur 222
Patav tebral nject ons 386
Pardee s sign 97 491
P roxysma aurt ular hbr flation 147
mmy cardwl nfa cton 403
m thyrotox co s 487 493
Pa oxysmal uri ulac flutter 142
P rycysmal bundle branch block 126
Faroxysmal card ac dy pneea (see L f12 n
tricula falu &) 158-60
mreitral tenos: 285 291 293

angIna pectons in 332
i m

chinieal features 132-1
congestine fadure 132
dugnons 132-3

n digitalis posoning 322
clectrocardiogram  132-7
etiology 132 137

in heart block 124

mechamsm 133

n myocardial infarction 403
in myocarditis 312 317 321
nodal 132 136

physiolomy 132

prognosis 13z 138

n theumatic cardis 273

n btokes Adams syndrome 123
supra ventricul ¢ 132
syncope1n 132 194
treatment 138
ventncular

1 Wollf Parkinson White syndrome
farry & disease (sce T/ rotovcosts) 478
Fartial heart block (see Hea ¢ block) 118~

120
Paste electrode 68
Pat nt ductus arteriosus 223-9
ang ocardsogram 224
bactenal endocard tis in 227
card ac cathete 1sation 224 237
olin cal £ tures 223
n coar tation of the aarta 209
d flerent al di gros s 229
electrocardiogt m 2 4 226
embryol gy 206
n Fallot s tetr logy 246 243
hemodyn m cs 223
waidenc 223
prognost 227
su g cal t eatment 228
> ay sz 224
Patent foramen o al 213
1n Fallot s tetralogy 242
and parsdaxical embols v 457
in pulmon ry hyp rt ns on 245 464
n pulmonary st nosi 235 232
Pedunculated myxoma 193
Penic lin
n bact n | ndoc rd uis 337
n pyogen c pe lcard t1s 354
in rheumat ¢ £ v r 275
msyphltc ortt 367
tax ¢ reactions of 338
P tcus on of the hea t 7
1 noumom 360
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Percussion of the heart (contd }
1n emphysema 465
1n percardnl effusion 34§
Percussion wave {of the pulse) 2o
1 rorhic ncompetence 66
N 4OFUC stendsts 300
Perforation
of interventricular seprum 404
of myocardial mfarction 404
of sinus of yalsaba 323
Pen antentis 315 461
Pericardial adhesions 308 351
1 erscarduat ealetfication 308 320 332
Perncardial click {or knock) 16,
Pericardial ecchymose 355
Pericardial effusion 344-8
cardiac compression {tamponade) 345
clintcal features 344-5
collapse of lung
differential diagnosis 321 348
electrocardiogram 99 342-4
etiology 331
friction 345
hemorrhagic  (see &1

INDFX

Perspheral blood flow

10 atteriorenous aneurysm 514

in thyrotoxicosis 48g
Peripheral mrculalory hﬂure (see Curenla

tory fariure} 195 3et

Teripheral cyanoss 177
Perpheral neuritis

m ben: bent 516

m diphthena 311
Peripheral resistance colfapse of 195
Periodic breathing 167
Permicious anemua {see Anama) 502
Persistent truncus arteriosus 250
Petechiz (in}

anemia 332

asphyxa 531

bacterial endacarditts 332

fat embolism 458

sheumatie 257 263

salicylate posoning 274

watamn deficiency 332
Pethidine 473
Ph:nobarhntone 130 437 421

353 354

in malignant hypertension 3,6

n myxedema 356 494

parscentesis 348

pereussion 345

physiology 344-5

purulenc 354

Q Te 348 352

weatment 348

Xty 61 345
Penicardsal foreign body 355 325
I ricardal heematoma 527
Pericardual nury 354 $25 529
Pencardiectomy 351
Pericarditis 341~56

bemgn 354

chronic constnetne (see Frek s diseas )

348-51

dry 341

electrotardiogram 9o 3414

etiology 345

fibrinous 341

Frecuor 340 345

mahignant 354

in myocardul imnfarction 355

pain 341

preumococcal 354

m polyserositis 353

PyORTAIC 354

recurrent 5§25

rheumatic 266 352

staphylococeal 354

streptococeal 354

traumanc 354

tuberculous 353

uremic 353

416 217 421
Phlcbitis 445 446 453
Phlebogram 19
Phiebothrombosts 446 453
treatment 434
Phonocardiogram (of)
aortic incompetence 295
functional imutral  diastohc  murmur
287
nnocent systolic murmur 281
late mutral systolic murmur 283
mutral diastofic murmur 286
tral mcompetence. (otgamc) 293
openmng snap 287
presystolic murmus 287
third heart sound 23 164
Phonocardiography 20-1
Phosphatase 517
Photo electric cell 31
Physialogical bundle branch block 140
Physiolomcal heart block 133 143
Physiology (see stem required)
Pyck s disease 348~s1
cardiaC output 47
chinucal features 349 352
electrocardiogram 99 349

physiology 349

surgical treatment 351

N ray 6t 349
Pigeon chest 216
Pigmentation

n thymmx.casu 438

n tricuspid stenos s 306
Pastol shot sound 206
Pitkin s menstrutm 454
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Pitressin test (iny
ben bert 16
eplepsy 199
Prrutt ry srradiation (n thy rotoxt os14) 43
Plasma nfusions 314
Plsma foss of 195
Flasma protemns (i cedema) 173
Plateau pulse 300
Plum venous dramage of 13 17
Pleural effusion {see Hydrot) oras)
Frmorthagse 453
theumatic 265
‘enous pressure
Peumgy e T
n pulmonary infarction
theumane 263 M7 453
Pleurs pericardiat adhesions 165
Prcumosoniass 464
Preumonia
miocardit san 314 31
Penicarditiy in :s: s
rheumatic 265
thythm changes 1n 143
gntumu(homx systohic click 165
b 1t of opposing movement 26 34 42)
santy of electrocardiogram 68
Polarised cell b5
Polyarthritie
affergic 256
dysenterie 256 260
Ronococeal 256
theumatic 265
theumatoid 256
l;olychmmzs a (n heart fallure) 22 175
olycythem a (1)
arteriovenous neurysm of the lung 513
Ay rzas d sease 474
©ngenitat heart d sease 22 177
Congestne heart failure 22
Fallot s tetraclogs 237
pulmonary heart d sea ¢ 22 462 464
Polvgraph 1
Polyserosstis 353
Polyunia 433
Postu al hypoten on 195 200
Postural syncope 130
Po ture effect on
angina pector s 376
apex beat 35t
blood fr ssure 5
cardiac output 16
electrocardiogram 36 87
left vent cular fasture 159
rtheum t ¢ carditis 275
rehtauriula pres u e 138 Y79
venous pre sare 169
vital capac ty 138
Potas wm 326
m e topt beats 130

lectroca d og am 105 376

>75

1 ta sum {contd )
posoning 326
nuramia 10§
snd ventnicular fil pllan o 32t
1 staseum todide m ayphilis 367
T Wt s operation 243
Precordial def muty &
1 recordhal Teads 68
Fre excitation (W 1 W\ syndrame) 137 41
I repnancy so7-11
bactenal endocarditis n 610
cong nital heart di cas 10 508
electrocardiogram 508
hypertension 1n 511
physiol ey 307
theutnatic heart discase i 508
syncope 1n 16!
and thyrstixicous 495 530
T remature beats ( ce [ ctopre b ats) 127
Iressot agent 418 ©
Presystolic gallop (see € i p Inthmy
164
Presystolic murmut
Austin Tlint 296
1n mitrat stenosis 288
1 nmary g ulmonary hypertension 461-¢
limeal features 462
diagnos 8 463
electrocard ogram 463
etiotogy 461
meidence 462

prognosis 453
physiology 462
treatment 463
N rays 57 463
Prymary vascul £ scleros s 467
Pocanep b in 338
Fropyl th ou acil (s ¢ Thou acl) 19 492
Pra tigm ne 138
Prott romb n t me 454
Prot 41 stolic gattop (¢ Gallop o s thm)
15
Protozoal rayoe rditis 315
Peondo ¢ 7 ho 1 of th 1v 1 343
Peychogen ¢  mt 195 533
Doy hor ufos s (se Cardiacn01) 535

545 .
Foychosomat ¢ s n and symptom 5367
540

Pl non v apoplexy 293 513
Pulmonary a ¢ 2
Pulmonary Tte 1 ¥ hous anewry m 513
Pulmor ¥t 1Y

sbno mal t1 5 of 52

n urysm of 475

ang gan(nml 3

athe osclerass 401

etbtrston 15

d vlopne t 206
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Pulmonary artery (contd } Pulmonary circulation (contd )

dilataticn (m} 5z
atnal septat defect 52 18
ben ben 57 sts
Eisenmenger s complex 52 244
aopathue 212 475
mutral stenosss 56 288
nosmal vanation 231
patent ductus §2 224
prnmary pulmanary hypertension §7

453
pulmonaty heart disease §7 472 47%
pulmonary stenosis 52 231
svphilis 473
ransposion 246
ventricular septal defect 56 zz
Ny 27
hypopla wa of 37 230
palpation of 5
pressure (in)
atnial septal defect 18
Bernheim § syndrome 425
Ewsenmenger s complex 243
emphysema 472
Fallor s tetralogy 242
hypertension (essential) 425
sdsof athse dilatation of the pulmonary
artery 20z
mtral stenosis 285 292
normal 16
patent ductus 227
physiology 362
Tick s disease 349
froary fulmonary hypertension 463
pulmonary heart dis ase (anoxic) 47z
pulmonary stenosis 231 232
sentricutar septal defect 220
puisation §
thrombosss of 447 475
\ 13y (normal) 25-7 35
Pulmonary atresia 204 236 50
Pulmonary biood flow
diminished n
Enenmenger complex 245
Falfor s tetralogy 236 240
pulmonary atresia 250
pulmonary stenoms sith reverse!
teratrial shunt 232
mcuspid atresia 250
increased in
atrial septal defect 216 218 220
patent ductun 233 224 227
perforated aortic sius mto rght side
of heart 524
fransposition 246 250
entncular septal defect 221 222
Pultnonaty blond piessure (vee Pufmorrary
artery pressure)
¥ pimonary circulation
physsology 446-7 461~2 464

nime (see Cirenlation time} 12-13 161
Pulmonary conpestion
in hypertension 42§
n left ventricular faifure 158-61
wn mitral stenosis 53 288
X ray §3 161
Puimonary diastolic murmut {ser Pulvon
ary incompetence)
Pulmonary embolettomy 435
Puimonary embslism 444-9
ar 457
in bacterial endocarditis 333 445
blood pres ure in 448 449
classihication 444
clinieal features 347 9
electrocardiogram 449~51
etology 4446
far 457
foreign body 458
hzmodynamics 446~7
madence 444
n sofated myocarditis 120 445
malignant 458
masgne 104 447
n mitral steno 18 203 444
@ myocardial infarction 403 4 4967

445

paihn 447 453

pathalogy 446

and phiebothrombosis 445-6 453

prognosis 453

and pulmonary infarction 447 433

recurrent 449 461

sepc 457

sudden death, 449

syncope 394 449

10 thyrotoXscosts 493

and thrombo-phiehitis 445

treatment 454-7

venous pressure 448 444

>\ ray evidence of 453
Pulmonary hzmosiderosis 290
Pulmonary heart disease

enoxic 464-75

2neurystm of the pulmonary artery

475
srteral ovygen 464 472
and Ayesza 474
carban diowide Tetention 454
cardiac output 156 463 465 474
linical featutes 46a-s
congestne fufure in 156 365
cyanoms th 464 465 472
definttion 464
diagnons 472
electrocardiogram 3 46571
emphysema i 465
ctiology 464
nadence 464
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Pulmonary heart discase
#noxic {comtd )
1 kyphoscol asis 47y
papiledema in 465
Prthology 464
polycythzmia 46
Progmons 473
pulmonary artery pressure 454 4=z
residual asr 472
treatmenr yy3
yaso-dilatation 465
A3%-motor collapse 465
YEnOUS pressure 463 472
i) Qapacity 46y 472
Xy g7 4712
hvpetensine (see Prima o pulmonary
Rypertension) 461
subscute 449 430 461
monany hypertension 461
in atraaf septal defect 236
Bilharzial 46,
10 Exsenmenger s compl,
idiopathie 4‘5' 453 rlex 2
mmutral stenosis 285 292
N patent ducrus 2z -

™ pulmonary heart d sease (anovic)
4z
m fecurvent pul bolism 461

Pumonary adema (c ntd )}
hvpertenion 435 435
mitral stenous 293
mvecardul infarctim 389 403
rheumatie cardinis 2 o
ruptured sortic cusp 530
trestment 189-90
Ny 44 101
Pulmonary oligxtnia {sce Pulmonary blood
Sl d minished)
Tulmonary P wave (sce P pulmonale) 83

467
Pulmonary pleonamia (see Pulmonary blood
flotc snerease
Fulmonary plcthora (see Pulmonary blood
flote marease
Pulmonary second sound (sce S cond heart
sound) 10
Pulmonary stenows (excluding Fallots
tetralogy) 229-36
anprocardingram 234
and strial aeptat defect 231 232
bacterial endocarditis m 231 330
cardiac cathetenisation 232
classification 203 232
<hincal features 229
cyanous 1n 232
diagnous 231 232
el ctrocardiogram 231

sccond heart sound mn 10 462
Pum ventricylar septal defect (contd )
imonary hypoxia 464

229 232
snteratrial reversed shunt m 232
intenentricular reversed shunt n 232
patent foramen ovale n 232

Pulmonary
&nal septal defect 216
ISenmenger s complex 2.
\diopathie difatation of the pulmonary
aftery 21z
mutral stenosts 288
Patent ductus 223
pulmonary embol sm
Pulmonary hypertension 462
ventricular septal defect 222
Mon ty infarct on (see Pubnonary em
bolism)
in bacter al endocardiuis 333
<l nical featyres 453
n congestive h art falure 174
hydrothorax 1n 174
m solate | myocardit' s 321
Jaund cean 1
mm tral stenost 293
pathology 447
Xray 453
Pullimonqry techemua (se  Pulmona 3 blood

)

ou
Pulmonary cedema (s ¢ Left temtn ular
Sarlure) 158-62
acute nephnt s 327
anzma so3

[ 229

prognos s 211

subvalvular 220 232

surgical treatment 231 236

syncope 232

valvular 229 232

entricular septal defect m 231 232

X ray sz 231 232
£ ulmonary systolic murmur {(in)

atral septal defect 216

Fallot s tetralogy 237

functional 231

patent ductus 223

pulmonary stenoss 229

ventr cular septal defect 222
Pulme nary thrombosis 447 475
Pulm nary tub reutosis ( n)

Fall ts tetralogy 243

pulmon ry heart dssease 464

pulmon ry stenos s 231
Pulmonary valvulatomy 231 23¢ z44
Pulmonary  scular aclerosis 461
Pulmonary vaso constriction 462
Pulminary v ns an tomy of 234
Pulmonary venous cong st on (s e Pulmon

a y congest n) 160-1 2

Pulmonary venous s mples 213 234
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Pulse {(and see ¥ ater hammier)
alternanon 166
snacronc 3 300
n kortic mcompetence 295 206 207
1 aorhic stenoss 300
n atherosclerosis 419
bigeminal 129 300
sferiens 300
capillary (see Capxl[av_\ pulsation) 297
I CORICAtIOn 3 o
collap g (see nam hammer) 122 295

297
Cotngan (see Water hammier) 297
delayed 3 208
dicrone 314
double 300
1n hyperlunentie circulatory states 502
hypertensine 422
sugular (see b enous pudse) 169-91
paradoxical 339
plateau 300
pressure 5 487 5o
rae 110m113
slow nsing, joo
small (i
A07UC Stenosis 300
atnal septal defect 216
arculatory fattute 311
rutral stenosis 286
toyocarditis 312 317 318
pericardial effu 1on 348
Puck s disease 349
pulmonary emblism 449
syncope 198
\aso constriction 416 422
ventricular septal defect 222
sustained 300
selacity .o
enous ( ee b enous pulse)
water hammer (see ¥ ater hammer pulse)
3 296
waves 20
weakness (umlateral) 3
Pulsuy alternons 166
Pulsus tardus 300
Pupils (in)
Cheyne Stokes breathing 168
Homer a syndrome 365
epilep y 198
syncope 198
Purkine fbres 108
Purpura theumanca 257
yclonephritis 416 418 426
Pyogenie myocardius 322
Pyogemc pencarditis 354
Pyridoxin {in thyrotoxscons) 41
Pyrogens 37

Qwae
@ myocardia) wnfarction gy 389

INDEX

Q wave {contd )

narmal 78

s obesity 86

physiology 69

n pregnancy 86

1n pulmonary embolism 449 450
QRS complex

abnormahtie  85-93

area 8t

aus deviation 85~87

basic patterns 73-4

n bundle branch block go-3

m chest leads 70 73

1 left ventricular preponderance 87

1 myocardal mnfarction g3~4 97 389~

397

normal 70 78
notched 9o
physwology 67 68-70
1n pota ssum posioning 10§ 38
in pre excitation 139
in right ventricular domunance 88
1n ventricular ectopic beats 129
i ventricular tachyeardia 137
widened 89 105

QRS vector b2

Q T mterval 75

Q Te Gin) ™o
disstalis therapy 325
hypocalcemia 326
perscarduat effusion 348
Ppotassium porsonmg 10§
cheumatic carditis 71
uremia 326

Quinche s cedema 173
from peruesihn 338
from quimdine 149

Quinidine
action of 14
1 suncutar ﬁbnllnllon 148
n auncular flutter 14§
dose 139 549
n ectopic beats 130
hvpersensitivity 3149
ntravenous 139
n myocardsal infsr ton 151 406
™ pzroxysmnl tachycatdia 139
rigks of 14
m \mmcular fibnllaton 151

R wase (see QRS complex)
Ratbit heart rate in 110
Radal pulse 3
Radio active 1odine
for artifictal myxeedema 593
i thyrotoxicons 499 493
Radio actine sodium 13
Radotogy of the heart {sce 3 ravs also
1tem or rechmque required) 2563
Ratio opague substantes 31



nrx

Radwm C 163
Rales basal 10>
Rapid ventncular llng 56 280
it heart rate sn tio
Rate output cune 178
mauds phenomenon {in My xaedema)

4
Read s formula 438
Recurrent lanyngeal palsy
n aneurysm 261
wn miteal stenous 293
Reduphicated heart sounds 164
egression wane 6]
Renalblood flow {in congestive falure) 173
gem: function testy 22
enal hypertension 418
Renal infarction 134‘ 419 nax6
Remn 419-20
Reserse air 17
Residual me 17
1 emphysema
mn {eft ventricular failure 161
Respiratory
e (in Cheyne Stokes breathung) 168
ailure (0 pulmonary embol sm) 455
murmurs 281
sinus arthythmma 1
Rest (see Bed rest) ”
Rmcu,[t:;ytosu {in congestnne failure) 22
Retnoga,
n bacternal end;
diabetic 424 ocsrdus 333
hypertensire 423-4
Retnoscopy § 423
gﬂmgnd: aortography 201
ctrograde heart block 117 128
Rheumn Cartenitis 25y 285
eumat ¢ carditis {and see Rher matic
Jeer) 26674
aothic d astol ¢ murmur 270
auricular fibrillation 1n 273
cardiac enlargement 266
tongestrve fa lu e 270
course 275
diagnosis 273
electrocardiogram 270
gallop thythm in 273
mutral diastol ¢ murmu 270
n mitral stenosis 293 294
mmutral systolic murmur 273

P2 tal hears block 27
Per carditis 266 352
QTec 7z
rel pse 275
treatment %75

um tic feve  255-77
ACTH 1 275

Rheumatc fever (contd }
und cardiac neurosis 2 €
chorean 26t 278
clinteal festures 259
cottisone 18 375
course 274
erythema marginatum 263
crythrocyte scdimentation rate 274
etiology 2557
hepann tolerance 266
imflammatory fratures {non specific)
159
ncdence 258
nedules 265
pathology 257
petechue 263
pleunsy 265
pricumonta 265
polyarthritis 260
prognous 276
recutrence 275
and rheumatoid arthntis 250
salicylates 261 274
skin lesions 263
streptococeal relationship 255 260
treatment 274
Rheumatic  heart  discase
under ¥ alte lenon)
adherent pericardsum . 308
softic Incompetence 294-9
gortic stenosis 299-303
iwaidence 280
of valve lesions 280
mitral incomp tence 280~4
mitral stenosis 284 94
myocardial fibrosis 307
rheumatic hustory 1 280
treatm ot 308
tricuspid incomp tence 303 £
trtcusp d stenos 5 30!
Rheumatic state naturc of 235
Rheum tord artl 1ts 264
Rhythm change (see part cular rhythm
requ red) 108~31
R b notch ng 208
Rcedi t 185 438
Rdmgaot 236
R d lsdiseas 486
R ght anter ot oblique posit an 26
Rght u de(se Au o rght)
Rgttau 1 ul rpresss e (normal) 16 213
Tisd(s e nous pressu €)
Rught axis d v1 u n 87
Right buadle branch block (s Bundle
ba cndlck) 93 26
splt econd sound n Io 126
Rght d dsot 42 236 242
Rughty nt le
conu {27 47
unde develop d ~49 250

mactne (see
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Right ventricular enlarg ment (n) 57-9
atrial septal defect 2 218
bent bent 515 516
cardiac impulse 1n .16 237 462
ceeur en sabot in sy 240
Ebstesn s disease 203
Fisenmenger s complex 244
electrocardiogram 88-9 232 463
Tallot s tetralogy 57 240
mmtral stenosis 283
pulmonary ncompetence 212
pulmenary heart diseasc 57 472
pulmonary hypertension 462 461
pulmonary stenosts sz 231 232
night bundle branch block 126 218
subacute cor pulmanale 459 499
tricuspid ncompetence 303
Right ventricular falure (im) 168 o1
atral septal defect 216
bert ben 515
massive pulmonary embolism 449
pulmonary heart disease 462 465
pulmonary hypertension 462
pulmonary stenosis 229
subacute cor pulmonale 449
Rught ventricular pressure
n Fallot s tetralogy 242
normal 16
n pulmonary stenosis 231 232
raised (see Pubmonary ki pertension)
Rigors
and blaod pressure 416
i cardiac catheterisation 16
wn paraxysmal cardiac dyspnoea 23
and \enous pressure 16a
Ringing second sound 359
Rocntgen rays (see X rays)
Roesler s sipm 208
Root pains 361
Rotation of the heart (and see Clockrcise
rotation)
anti cdockwise 73 83 8
clockwise 70 82 8
Rotch s sign 345
RS T segment
abnormalitses of g93-105
depression of
m acute coronary insufficiency 410
I angma pectons 1ov 378
in anowic states 1ot 102 410
from digitalis 101 325
n feft bundle branch block go
1n left ventnicular preponderance 87
426
elevstion of
10 Teft bundle branch block go
n myocardial infarction g4 389
n percarditis 99 342
reciprocal 88
normal 79

INDEX

Rupture of aorta
1 coarctation 211
m dissecting aneurysm 522
traurmnatic 528
TRupture of aortic aneurysm 360 363
F uptured aortic cusp
1n bacterial endocarditis 331
traumatic 530
Ruptured sortic sinus §z3
Ruptured chorde tendinee 530
Ruptured heart
n cardiac aneurysm 454 40§
m myocardil infarction 404
traumatic 528
Ruptured mitral valie 330
Ruptuted pulmonary artery 475
Rutin 332

S wave (see QRS)

normal 74 79

phystology 69
Saccharm circulation time 13 3t 161
Saccular sneurysm (see Aneury sm) 38 359

3ba
Salicylates 261 274
Salne
mtusions 503
manometer 15 1z 1
Salt restrachion (see Sodwm) 185
“alyrgan 184
carlet fever 256
Scobosis 6 33
Scrub typhus 315
Second heart sound 10 163
absent
in aorhic stenosis 30t
n emphy ema 463
accentuated sornc clement
hypertension 424
accentuated pulmonary efement
Eisenmenger s complex «44
mutral stenosis 286
‘patent ductus 224
pulmonary hypertension 462
ventncnlar septal defect 222
nngng 359
single
a0rtic stenosis 301
Fallot s tetralogy 240
pulmonary atresia 250
pulmonary stenosis 229
widely split
atrial septal defect 216 218
right bundle branch block 126
Second obhque position 27
Second ventricular deflection 67 13
Secondary mversion of T wave 87 89
Sedatives (n)
congestise heart falure 172
ectopic beats 130
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Sedatives (i) (contd )
YPertension 437 440
miocardial infarction 406 407
pulmonary heart disease 473
thymtoxicoss 491

Sedimentation rate (see F ythrocvte sehr

mentat on vate) 22

Sers beats of ﬁmkes’ 122

Septal mfarction 392

Septic endacardiis. 330

Septic myocard s 322

;ep;hc tv:;lurdm! 154
tic pulmonary iafa,

e 1y infarction 453

mnter aunicular 213
Primum 213
secundum 213
rom

albumin 179
sickness 311
Shiftng nodal rhythm 11~
t 195
n1 coronary insufficiency 408
W dissect ng aneurysm g22
electrocardiogram 10
0 myocardial infarction 339
10 pulmonary embolism 447
ort £ R interval 139
Short Q Tanterval 325
Shrapnel wounds of the heart 525
Shunt (sece A terot enous ot § eno artertal)
detection 16 511 513
Measurement 22
5 s [
Silicosts 464
Silver wire artery 423
Single second sound (see Seco d hoart

sound) 240
Simo-aunicular block 114-15
S0 auncular node 108 109 387
S nus arthythrna 109
Nus bradycardsa 112-13
In acute hyp rtenson 110
mathletes 35 110
card 2 enl rgement n 35
n myocard al nfarction 339
n myxeedema 496
M syn ope 195 197
Sinus node 103
S aus thythm 108
Sinus tachye tdia 110~
manx ty tates 537
In congestive heart fatlure 178
different al diagno s 1 1 133 142
effectonthe h art 12
m hyperkinet: circulatory stat 3 502
nmyocard us 31z 357 31
in perica dual effus on 345
physiology 110-11
nPck dse ¢ 349

inuv tachy cardia (contd )
tn pulmonary embolism 440
n theumatic carditis 253 2 ¢
n thyrotovicosty 487
“imnus of valsalva perf ration of 229 523-5
Sius inversus 204
Skun resistance €9
Shding nodal thythm 117
Slow nising pulse 300
Slurnng of QRS g0
Smthwick operation 439
and post-operat ¢ hypaten 1on 133
Smoking (see Tobacco)
Sodium (sce Lotc sod un dier) 18 —
amytal 440
benznate 338
evande 12
dehydrocholate (decholm) 12 161
fretention 573 32
sahcylate 261 274
Soldier s heart {see Card ac netrons) 535
“ounds (see 11 art sounds) 1o 163
South American trypanosom asts 31
Southey s tubes 189
Specific sorutis (see Syp/thne) 358
Specific grayity
of pleural flud 174
of unne 433
Sphygmomanometry 3-5 416
Spider ney 517
Sp nal deform ty 474
p nal 1 gamentous pan 377
Sp rochztal sortitis (see Syph 1ic) 358
Spiromet 1 1
Splanchnic den nation 339
Spleen enlargement of
1n bacte al endocardit s 332
1n congest e faillure 17t
Splenic infaret 332
Splinter hemorth L 332
Spl t heart sounds (and s e Second heart
sound) 10 163 164
Squ tung 237
S T segment (see RS T s gment)
Stab ound of the he 1t 354 527
stand 4 leads 77
Standa di ation of elect oca d ograph 68

Staphylococcal
endocardt 330
myo arlu 354

pencard s 354
es stance to p

tarl ng s curve 155

Starl ng s law 154 295

Starv t on cedema 173

St tus angimosus 366 380 184

St t s lymphat cus 523

Stellat gangl on ctomy 386

Stllwag s 485

Sternumn d pr s on of 33

Ion 337
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Stethoscopes 7-8
Suibestrol 200

Sull s disease 2€5

“tokes Adams atracks 122
“tramned heart 542

Streptococeal
endouar litis 330
myocarditt 315

pencarditia 354
polyarthntis 360
“treptacoccus and rheumatic fever 255-6
z260-1
Streptomycm
1 bactenal endocarditis 338
towg effects of 338
n tuberculous pericarditts 353
Sireteh receptors 285
String galvanometer 67
Stroke volume (in)
AOTHC INCampetence 294
sortic stenosis 299
atryal septal defect 216
bradycardia 35
complete heart block 12
congestive fallure 145
mitral mcompetence 282
mateal stenosis 285
patent duttus 223
penicardial effusion 344
Pick s distase 349
prematuré ectopic beats 129
tachveirdia 110
thyrotovicosis 480
tncusp d stenosis 306
Strophanthin
0 auricutar fibnllation 148
n heart fatlure 184
1 pulmonary embolism 455
bturge s digease s11
“ubacute bacterial endocarditss (see Bac
terial endocarditts) 330
Subacute pulmonary heart d.suse 449 459
Subacute theurnatism 260
Subaoruc stenosis 212
Subaortic window 2y
Subarachnod hemorrhage 211 434 511
Sut clavian artery
developmment of 206
varations of 211
subeutaneous nodules 58 266
Subintimal h:morrhaze 374 384
Substernal gottre 485
Substernal pan 375~7
Subtotal thyroidectomy 4901
Sudden death (in or from)
angina pectoris 150
a07t1C SLENOSIS 350 103 300
blows 528
cardiac syncope 193
chloroform 326

INDEX

Sudden death (contd )
coarctation of the aorta 212
digitalis 150 322
diphthena 150 312
dissecting aneurysm 522
ndirect trauma 528
mercurial diretics 151 184
myocardial infarction 397
myocarditis 315 321
potasstum 326
pulmonary embolism 449
theumatsc carditts 277
ruptured aneurysm 363
ruptured heart 528
Stokes Adams syndrome 322 124 193
syphilitic sortit s 363 365
trauma 525
ventricular fibedlation 150 193 397

Sugar 1ced Iner 353

Sugar tolerance
n thyrotowcosts 488

Sulphonanude myocarditis 315

Sulphonarmdes
1n bacterial endocardins 336
in rheumatic fever 277

Summation gallop 165

Superior vena cava
angiocardiogram 34
obstruction 170 3t
X ray 25-7 59

Supra aortic triangle 27

Suprachol (see Decholin) 12

Supra rena)
fafure 311
tumour 42t

Supraventricular tachycatda 132

Surgical kdney 416 418 4

Surgicat treatment of
aneurysm 3634
angina Yectons 386
arteriovenous sneurysm 514
cardiac comptes 1ol
cardiac failure {by lhymld ablation) 199
caarctation of the dorta 2r7
Fallot s tetralogy 243
gunshot wound of the heart 526
hxmopericardmm 355 527
hypotension 439-40
mtral stenosuis 308
patent ductus 228
Tick s disease 351
pulmonary atresia 250
pulmonary congestion 308
pulmonary embolism 455
pulmonary stenosis 23t 236
atab wounds of the heart sz/
thyrotoxicos s 490
tricuspid atresta 250

Sweating
emotional 538
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Sweating (contd )
n myocardial infarction 38)
m pulmonary embofism 449
thyrotxe 538
0 vasovagal syncope 198 19y
Sueet efover discase 454
Sydenham s chorea 262
Swmbatlophone §
Svimpathectomy
M angna pectons 386
n hypertension 43 i
byncope 193~201
anovic zo1
™ asrtic incompetence 194
n avrtic stenosis 194 299
\0 duricular fibrilaton 247
n ball thrombus 193
€eardiae 193-4
in Cardiac compression 194
from cardue standstit] 193
aroud sinus yg6—y
cercbral 197 200
from chermical agents 105 196 200
eliucal features 197
differential diagnoss 197-9
electrocardiogram 102 410
ctiology 193 194 195 200 201
from hemorrhage 195
hypenentitation zoo
m fordosss 472
" massive rulmonary embolism 449

194

mechanism 193 195 200 zo1

M Myocard al infarction 389

ortho tatic 195

R paroxysmal tachycardia 132 194

n pregnancy 196 go7

M pulmonary stenosis 22

P yehogenic” 106 538

11 Stokes Adams syndrome 122

treatment zo0

Y250 motor 101 194 197

1250 vagal 104 197

from ventr cular fibnllat on 150 103
Syphilitic aneurvsm 38064

abdomin 1 361

angiocardrogram 363

of the arch 160

of the ascend ng aorta 359

caleficanon 363

o mucal features 350~61

compl cations 365 363

course

fusiform 48 359 364

mnadence 359

Pogn ss 363

TURtu ¢ 363

saccul r 38 359

treatment 363

ray 38 3613

Syphilitic angina pectons 360
chinical features 3
course 366
Fathlogy 366
phyuology 366
treatment 367

Syphilitic sortic incompetence 364-5
 nucal features 364-5
course
clectrocardiogram 365
erythrocyte sedimentatinn rate 36¢
madence 158 364
patholcgy 364
N ray 363 365

“yphilitic aortitis (see Syphd tic an urysm

angina and cort ¢ tncompeterce)
anfiocardiography in 363 364
an | congenttal syphalis 358
confirmatory findings 358
crythrocyte tedimentation rate i 358
6

365

meidence 338

Rahn testin 358

occurrence 358

pathology 358

treatment 167-3

Wasserman reaction in 358

S ray 39 361-3 264
Syphilitic endocarditis 358
Syphilitic heart black 367
“yphilitic myocardits 358
Syphilitic pulmonary artentis 474
Gystol ¢ blood pressure (se Blood pressure)

5
Systolie click 156
Systol ¢ expans on of the left aurcle 52
8

283
Systol ¢ gallap 165
Svstolic indrawing &
1n adherent penica dwm 351 352
Systohie musmurs ( ee dortc Matral etc )
273 231 503

T way
brormal t1 s of 93-105
accentuated 0
poste 10 cardt ¢ ntarction 391
Pota umpos ning 104 32
urem s 104 3 6
nv rted in
anema 506
2ort ¢ stenos s 3ot
carbon monot de pos ning 10 410
dgtl therapy 101 325
diphth it ¢ myocardit's 312
hyp rtensive he td ase B 420
myocard al infa cton 93 389-97
myocardit 8 104 317 318
mysedema 103 394
n phr tis (acut ) 327
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T waves
mverted an {contd )
pencarditis 99 342-4
Pick s disease 149
pulmonary emabolt m 449-51
pulmonary hypertension 463
pulmonary stenosis 231 42
normal 734 79
phy ology 67
Ta wave 67
“Tachycardsa (see Sinus tachycardia) tio~
2
Tachypneea 536
Tamponade (see C ardiac compression) 335
8

34
Tawara » node 108
Teleradiography 29
Tetany hyperventilation 201
Fetracthylammenium bromide
n hypertension 422
m left ventricular falure 190
m syncope 195
Tetralogy of Fallut (see Fallot s tetralogy)
236-44
Thecbwmme 185

.
Thyrod extract (in myxedema) 499
1n thyrotoxicosis 493
Thyrod gland
enlargement (see Gottre) 479
tustology 479
total ablation 190 384
Thyrod hormone nature of 478
Thyrordevtoms
for angna pectons 384
for congestive farlure 190
for thyrotoxicosis 490
Thyrowditis 486
Thyrotowic crises 493
Thyrotoxc heart di ease 478
pathology 480
Thyrotoxicosts 47896
angina pectors N 495
auncular fibridlation m 487 493
basal metabolic rate 483
blood cholesterol 488
cardiac enlargement 487
cardiac output 489
cardiovascular signs 487
arculation time 489
chimical features 4808

ethylene di Amino
ph)lhne) 190
Thumine s15
Thiouracil
n angina pectons 385
i arbfical myxedems 190 385
m congestive heart failure 130
m pulmonary heart disease 474
1n thyrotoxico 1s 301
toxic effects 492
Thsocyanates 438
Third heart sound
m mitraf stenosis 286
normal 163 164-5 166
physiolory 165
n Pick s disemse 349
n pregnancy 307
in proto dustohic pallop 165
n summation gaffop 163
Thoracic deformaty
from cardiac enlargement in ct1idhood 6
depressed sterhum 35
displacing heart 6 35
kyphoscoliotic 474
pigeon chest 216
scoliotic 6 35
Thnills (see Related mu mu )
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re ection achlorhydria associated
with 132
for cancer of stomach 229
secretlans disorders of 126
sensation disorders of 127
subacidity 124
test meals secretory 42
ulcer See also Peptic ulcer
gastmsvoxpic picture character
15t
mallgnant gegeneratlon in

Gastritis 134 141

acute corrosive 1 5
hematogenous 135
bhlegmonous 1°5
simple 134

amral 110
in peptic ulcer 146

atrophic gastric carcinoma and

210

pathology 137
relation to gastric cancer 217
symptoms 1.5
chromie 136 141
acmorl'lz?i dria assocfated with
2

course 140
diaguosis 139
etiology 136
gastroscopy m 139
mncidence 136
pathology 136
symptoms 137
treatment 140
classification 124
hematogenous acute 135
hynertrnphic pathology 137
symptoms 1
peptic ulcu- and 140
postoperative 140
superficial pamolngy 136
symptoms
Gastroduodenal S‘ee Peptic
Gastroenterostomy in peptic ulcer
sequelae of 18
Gastrointestinal allergy 618 633
See alsa under Allergy
hemorthage Yce under

Hemorrhage
fon by

INpEx

Gastrojejunal ulcer 211
Gastroptosis 114
Gastroscoplc findings n
achlorhydna 131
in hemorrhage from peptic
uleer 193

Gastroscopy fn chronic gastritts 130
Gee Herter s disease 293
y diseases digs
mptoms 606
Gentian violet fn strongylodiasis

i

Glardia Infecuon 552
atabrine in )53
Gingivitis pathologic process 8
treatment
Globus hystericus diagnostie
significance °%
Glossitis chronic 8690
areas of tongue affected 87
Mustrations of stages and
types §889
pathogenesis 87
treatment 87
diagnostic significance 30
Glossodynia $0
is and

in liver 402
Glucose tolerance test in cancer of
ancreas
Glycosurfa h:ln) cancer of pancreas
3

nonspecific of colon

3.

Gray Turner sign 1n acute
pancreatitis 510

Ground itch  Sec Uncinaria

Granuloma
skel

H

Habit formation in constipation 315

Habftus * 74

Halr balls {n stomach 236

Halitosts diagnostic significance 26
treatment 81

Hanger test 401

Healing in tuberculosis of intestine

Heart disorders diagnostic
significance
examination of 32
Heartburn 24
in cancer of pancreas

threat to security 610
system emphasls on in child
rajmng 607

distri

in peptic ulcer 155
Hemalogenous gastrifis acute 135

tract cancer of
bution
susceptibility to acld Injury 146

441
In pancreatitls 514
skin signs 28



InpEN

Hemnl)tlc Jaundice 415 4.04 2
pigment metabolism {n 407
abxmrmalmes 409
definition 470

laborator) findings 421

pathology 4 0

symptoms 4 0

treatment 42°
Hemorrbage from peptic ulcer

anatomic lesion how

demonstrated 193
blood transfusion 195
blood volume

645

Hepatitis infectious—Contd
differentiated from cancer of
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