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PREFACE

’THE rapid advance in cardiology during the first half of the twentieth
century may be fairly ascribed to the introduction of new tech-
niques. Riva Roca’s mercurial sphygl {1846), M:

z1e’s polygraph (1902), Einthoven's string galvanemeter (19o3), and
Rontgen’s beam (1895) opened the new era, and in the hands of men such
as Sir Clifford Allbutt, Sir James Mackenzie, Sir Thomas Lewrs and Sir
John Parhinson respectively, soon solved or clarified innumerable prob-
lems. Further impetus resulted from the elaboration and perfection of
these methods, particularly from unipolar lead electrocardiography and
angiocardiography, for which we have to thank Frank Wilson (1932 et
seq.), Castellanus (1937), and Robb and Steinberg (1938) More recently
still Forsmann's courageous use of the cardiac catheter on humself (1929)
Ted to 1ts clinical application on a wide scale, particularly owing to the
efforts of Cournand (1941) 1n the U S.A. and of McMichael and Sharpey-
Schafer (1944) in England Thus elect d phy, cardiac radiology,
and the physiology of the heart and cxrculztwn have advanced side by
side At the same time the surgeons have invaded what was once forbidden
territory and are rapidly turming miraculous operations on the heart into
the commonplace. Amongst the many pioneers who have helped to
develop safe routine cardiac surgery must be included Claud S. Beck,
E D. Churchill, Lawrence O’Shaughnessy, R. E. Gross, Alfred Blalock,
C. Crafoord, and R. C Brock, although so many distinguished surgeons
have played their part that it may seem 1nvidious to mention names It is,
perhaps, not really 2 comncidence that more precise methods of diagnosis
became available just when surgery demanded them.

"The more conservative physicians may have witnessed these and many
other less important technical developments with some musgiving, but
relatively few have expressed reactionary views. Yet there 1s already plenty
of evidence to show that we are in danger of losing our chinical heritage
and of pinning too much fasth 1n figures thrown up by machines Medicine
must suffer 1f this tendency 1s not checked.

In presenting this book I have attempted to maintain a proper balance
between man and his instruments, between expenienced opmion and
statistics, between traditional views and the heterodox, between bed-side
medicmne and special tests, between the practical and the academc, and
50 to hink the past with the present,

January 1950 Pavr Woop
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AUTHOR’S NOTE

The method of numbering the figures was adopted so that desirable
changes could be made from time to time without upsetung the order of
the illustrations in subsequent chapters The number before the decimal
point represents the chapter in which the illustration occurs, whlst the
number after the decimal point is serial for that chapter Thus, figure 3 15
refers to the fifteenth illustration in chapter 3 From the author's pornt of
view the system proved highly successful, it is hoped that the reader will
not find it irksome.

The method of g the electrocardiog has been adopted
because 1t is the only way in which a simple and harmontous design can be
made to indicate the approximate posttion of the leads. The apices of the
trangle represent the relative positions of the three conventional limb
electrodes: unipolar hmb leads (Goldberger’s augmented leads are used
throughout) and standard leads are placed accordingly Chest leads
{V1-V6) are shown honzonmll) across the centre. In adopting such a
contention no th ptions are necessary; nor have they been
made.

In the title of the book the word circulation refers to the general aircula-
tion, not to penipheral vascular disease, A chaptcr on the laner was
ongnally included, but was finally abandoned as separate phs on
the subject appeared mn greater profusion,

Anatomy and pathology have been discussed only when chnrcally
relevant.

The arrangements of the contents has been determined chiefly by

1 and 1 1 iderattons, rather than by morbid
:malomy Thus there are no chapters devoted to valve disease as a2 whole,
nor to diseases of the myocardum It 15 believed that the advantages of
such an outweigh the disad

Special attention has been paid to the index, so that it serves a dual role
It may be used both conventionally and as a guide to differential diagnosis

"The book has been written primanly for graduates interested 1n clinical
cardiology, but the needs of students, general practitioners, and speciahst
phy sicians 1n other fields of medicine have bcen constantly borne 1n mind.
It is not ded for the ad d diologist or research
worker,
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CHAPTER 1

APPROACH TO CARDIOLOGY

ART disease 1s by far the most common cause of naturai death i
ch’ihsed ities in the more temy zones of the world. It
is responsible for about one-third of all such deaths and for an
annual mortality rate in the general population of zbout 0.4 per cent Both
incidence and mortality curves have been rising steadily for many years, 2
fact which is not fully expl; d by ageng popul and by the control
of infectious fevers, pulmonary tuberculosis, and pyogenic infections The
incidence and mortality rate of cancer, for example, shows no comparable
nse. Ischzmic heart disease, particularly, 1s on the increase
The relatne incidence of the vanous forms of heart disease classified
according to etiology 1s given below

Per cent

Congenttal heart disease . 2
Rheumatic heart disease . . . .23
Bactenal epidocarditis . . . z
Syphilitic dostiis . . . .3
Ischemic heatt disease . . P11
Hypertensive heart disease . 30
Pulmonary heart disease . . 5
Thyrotoxic heart disease . . . . 5
Miscellaneous and uncertain . 3

100

HISTORY-TAKING

To take an accurate and relevant history 1s one of the most difficult
and important arts 1in medicine Sometimes, a complete diagnosis can
be made from the history alone, and not infrequently the possibilities
can be whittled down to two or three A good history should at least indt-
cate the system mvolved, or 1t should pomnt unerrigly to some group or
groups of dnseases A common mustake 1s the falure to analyse any given
ly; in card lar work this apples especially to pamn,
breathIeSSness, 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,
tnaccurate, and misleadmg It 1s an axtom that the leading question must
be avoided at all cost, yet again, an experienced physicran must know that

A 1




2 DISEASES OF THE HEART AND CIRCULATION

the ability to put the appropriate leading question at the right moment, and
the intelligent interpretation of sts reply, are invaluable It is not pretended
that leading questions may not lead to false information, if the power of
therr suggestion is not appreciated by the questioner; and it is agreed that
much may be lost by failure to allow the patient freedom and time to
express his complaints in his own way, but the average patient will not
mention half the available information until he 1s pressed, and the data
freely given must be checked as at the bar For example, in the differentral
diagnosis between a neural and nen-neural somatic lesion, an accurate
description of the quality of the pain may determine the 1ssue immediately;
yet the mayority of panents will volunteer no information concerning the
quality of pam, and if asked to describe 1t will do so inadequately. They
may say 1t is aching or sharp, but fail to enlarge on this, even when urged
to do so. In answer to the leading question, “‘Does 1t tingle?”’, however,
they may reply at once in 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-exarmination, untit the questioner is
satisfied that the pain really does tingle, and that the pattent 1s not merely
saymg so because 1t seems the easter answer. It 1s scarcely too much to say
that the best history-taker is he who can best interpret the answer to a
leading question Appropniate leading questions can only be asked, how-
ever, when the proffered history has provided sufficient data upon which
to work, and 1f the physician has suffictent knowledge of the possibilities
then entailed. It 1s this latter factor which makes 1t easier for the expert
than for the student.

CLINICAL EXAMINATION

There are two methods of examining a patient: the first begins at the
top of the head and ends with the toes, a method often adopted for the
sake of convenience, the second 15 to examine the various systems of the
body, one by one, 1n logical sequence The procedure recommended here
1s concerned only with the cardiovascular system, but 1t 15 essential, of
course, that all other systems be examuned.

Inspection \While extracting the history the physician should be making
a prehminary general inspection He should pay particular attention to the
head and neck, looking for gortre and for the eye signs of thyrotoxicosss,
forfmg&sngn, and especially for jugular pulsation He will note the
general build and appearance of the patient, his attitude and demeanour,
and should form some idea of his character He should observe plethora,
pallor, or cyanosis, He may see that respiration 1s hurried, irregular,
shallow, or wheezy; or he may detect the tell-tale sigh of emotional tenston

to observe without effort, taking note of them without seeming to do so, and
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in such a limited survey may be put on the track of the correct diagnosis,
and be forewarned where to look most diligently for further signs

Determining the presence or absence of congestive heart failure. Congestine
L N I R R R . v .

¢ may be as d by i ing the cervical veins, and 1s fully
considered in Chapter V. The examiner should not feel putlty of he
switches from inspection of the neck to palpation of the liver, to discover
whether or not that organ 15 engorged, nor should he feel embarrassed if
he desires to turn from the right hypochondrium to the feet and sacral
region in search of awdema; of he be ertticised for gy mnastics, he may reply
that he is more concerned with the logical sequence of his thoughts
The pulse. It 1s customary to examine the pulse first at the wnst, and to
constder it in terms of speed, rthythm, tension, amplitude, and quabity, at the
same time it is cony enient to note the state of the artental wall Whilst speed
and rhythm may be checked by auscultation of the heart, and tension by
sphy gmomanometry, the quality and amphtude of the pulse wave can only
be analysed in penipheral vessels, and are features of great diagnostic
importance, Thus an anacrotic or plateau pulse of small volume signifies
2ortic stenosis; 3 bisfeniens pulse, combined aortic stenosis and incom-
petence, a water-h pulse, vasodit and so on. A should
next be directed 1o the gther radial artery, thence to the brachials, carotids,
. = i e
emorals, posterior tibials, and finally to the dorsal artertes of the feet.
Dufficulty in locating the radial artery may be due to its taking an aberrant
dorso-lateral course. Weakness on one or other side usually denotes proxi-
mal compression, as from ancurysm of the zorta, but a weak left radal
pulse may be due to an ectopic origin and aberrant course of the left sub-
clavian artery. “Examination of the brachal arterics 15 particularly fruitful,
both with respect to the pulse save and to the state of the vessel atself, and
should never be neglected “I'he carotids may present a thrill or shudder
suggesting aortic stenosis, Corngan’s sign indicating aortic incompetence,
or kinking from atherosclerosts. Routine palpation of the femorals would
1nsure the immediate recogmition of coarctation of the aorta in nearly all
cases, diminished and delayed pulsation being charactenstic and pathogno-
monic. The presence of pulsation 1n the vessels of the feet should always
be recorded, if 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 capiliary pulsanon
The latter 1s best d d by means of
The blood pressure Approximate estimation of the blood pressure by

clinical means is not only passible, but should be practised regularly, with
expertence 1t 1s easy to tell whether 1t 1s low, normal, or high, and the pro-
cedure takes but 2 moment The physician should stand 1n front and to the
right of the patient, and should compress the nght brachial artery with his
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right thumb, wlule feeling the right radial pulse with the fingers of his left
hand, the force required to obliterate the pulse represents the systolic blood
pressure. The alternative method of placing three fingers on the radial
artery, the first to compress the vessel above, the second to feel the pulse,
and the third to obliterate the ulnar collateral below, is difficult, cumber-
some, and less rehable.

In cardiovascular work, however, the bloed pressure should always be
measured with a mercurial manometer, or if an anerord instrument 1s used,
1t should be calibrated at frequent intervals agamnst the standard mercurial
type The 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 its lower edge is 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 is inflated,
the pomnt at which pulsation can no longer be felt in the brachl artery
represents the systolic blood pressure; as the cuff 1s deflated, brachial
I gradually a water-} quahity, and then abruptly
resumes its normal character, the reading corresponding to this sudden
change represents the diastolic blood pressure. Readings obtained on infla-
tion should be checked on deflation, and vice versa When approaching an
end-pomt the pressure must be altered slowly in the cuff. The palpatory -
method avaids the pitfall of the ltatory gap, and is uninfl d b,
subjective auditory defects; nevertheless, it must be checked 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 is
then mflated 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 successive sounds are heard. As the
pressure 1s further lowered 1n the cuff, the dull thud of the upper limits is
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 there 1s vasodilatation, especially when
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 e
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there are ectoptc beats, the higher pressure of the beat which follows the
ectopic should be ignored. In auricular fibrillation only approximate read-
ings can be obtained, the systolic pressure should be taken at the point
where the majority of beats come through, the diastolic where the majority
of beats become muffled. As the blood pressure normally varies by a few
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mm, Hg with respiration, it may be suitably recorded to the nearest
mutltiple of five.

The above recommendations are freely borrowed from the joint report
of the committees appointed by the British Cardiac Soctety and the Amer-
can Heart Association for the standardisation of methods of measuring the
arterial blood pressure (1930)

The normal systolic blood pressure lies between g5 and 145 mm. Hg
Whilst it is true that apparently normal subjects between the ages of 40
and 6o tend to have higher systolic pressures than those between 20 and 40,
it is not true to say that a normal blood pressure should be 100 mm Hg
plus the age of the patient in years. On the contrary, insurance compantes
well recognise the value of low figures, and it 13 probable that the higher
average pressures of the middle-aged and clderly are due to atherosclerosts
(Lewis, 1938). The normal diastolic blood pressure ltes between 60 and go
mm. Hg The mean pressure approximates to the diastolic plus one-third
of the pulse pressure.

A common source of error in blood pressure estimation results from
failure to obtam a basal re:\dmg, this m:ly be due to impatience, or to lack
of of ional or other p logical factors. Whenever the
pressure 1s found to be raised, the cuff should be Jeft m position 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 160,90
mm Hg, but if the patient 1s put at ease, and allowed to rest quietly ona
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-hypertensiie levels will be discussed later

Slight dispanity between readings taken from each arm is_common,
especially in atherosclerotic and hypertensive subjects, but the difference
rarely exceeds 5 mm Hg (Amsterdam and Amsterdam, 1943} The blood
pressure ts sometimes taken int the legs with the cuff above the knee and
the stethoscope in the popliteal fossa In the average normal individual m
the horizontal position, the blood pressure in the legs reads 20 to 40 mm.
Hg above that 1n the arms. This difference 15 lessened if the body is tilted
Tead-down, and ‘increased if 1t 1s ulted head-up The discrepancy appears
to depend upon the cuff method of estimating the blood pressure, for 1t is
not found when the blood pressure 1s measured by means of dxrect arterial
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drastolic pressure rises about 5 mm Hg 1n 48 per cent of normal subjects,
drops about 5 mm Hg in 12 per cent, and rematns unchanged 1 40 per
cent (Currens, 1948).

The ocular fund: Before Ieavmg the penpheral vascular system, the
ocular fund should be pe should be used
wath both eyes open, and with esther hznd so that one may hold the instru-
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ment with the nght hand when examining the patient’s right eye, and with
the left hand when examining hus left eye. There are four features of
particular 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 faiture, and from examining the peripheral
vascular system, one may 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
observed, and 1if due to the heart indrcates 1ts enlargement during the
period of thoractc growth Depression of the sternum, or other thoracic
deformuty, should be noted, for 1t may alter the shape or position of the
heart Systolic indrawng of the thoracic wall 1s not abnormal if 1t occurs
over the right ventricle, and may be seen 1n the antertor axillary line when
there 15 gross cardiac enlargement, as 2 sign of adherent pericardium (see
page 351) 1t should be locked for posteriorly over the last two ribs, as
described by Broadbent (1895)

Palpation. The apex beat, which 1s 3 geographical point, 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 mpple line 1n order to ascertain its approximate position®
the muddle finger should then be directed vertically over it, and shifted
about untdl the_maximum thrust 1s located This, rather than the lowest
left point of such pulsation, 1s the apex beat Its position should be recorded
with reference to the mtercostal spaces, to the md-line, and to the mid-
clavicular Ine It 1s usually m the fifth intercostal space, 8- cm to the left
of the mid-line, or just within the mid-clavicular hine If it1s locuted be) ond
these confines, the possibility of displ from scol 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 1s as important, if not more impor-
tant, than 1ts position (the apex beat), it should be sensed both with the
palm of the hand and with the finger-tip. The qualities of heaving, thrust-
ing, ever-action, tapping, and triple rhythm, can only be learned at the
bedside

Palpation may next be used ta detect the presence of thrills, preferably
in forced expiratory apneea This manceuvre brings the heart and great
vessels closer to the chest wall, encourages the lung to retract from its
buffering position, and lessens the chance of confusing cardiac with respira-
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tory phenomena. The vibration sensc of normal individuals varies consider-
ably, but increased perception comes with experience and good technique
Thnlls should be timed against carotid pulsation.

Finally, palpation may be employed to detect abnormal pulsations of the
great vessels, especially from aneurysm of the ascending aorta or from
dilatation of the pulmonary artery.

Pereussion. The value of percussing the heart has given nse to much
dispute, many modern cardiologists marntaining that 1ts place has been
taken by the far more accurate and fertile method of radiogeaphy The older
school, however, modestly suggest that it is a useful bedside method, which
gnes reliable and helpful information of practised diigently, and if its
Iimitations are apprecrated Certainly, 1f a fluorescope 1s avayable, per-
cusston is pointless; but a fluoroscope may not be asailable, or the patient
may be so il that only a portable X-ray machine can be used, and the
distorted skiagram so obtatned is liable 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
pericardial effusion

It 1s impossible to determine the right border of the heart by percussion,
unless there is aneurysmal dilatation of the rght aunicle On the other
hand, pericardial effuston, even of moderate degree, can often be demon-
strated

It was once customary to spezk of relatrve and absolute cardiac dullness,
the latter berng the note heard over the area of heart not co\ered by lung,
but it 1s doubtful whether this d can be d. 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 gostte, and 1n antersor aneurysm of
the aorta, when a band of dullness extends laterally 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 it. This, of
course, 1s nonsense When a student fails to hear a 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, especially aortic diastolic murmurs
e o a T . 1ot 3

the Bowles chest-piece should be about 1} inches; the cup should be shallow
and 1ts edge sharp (fig. 1.01 a). Good material for the draphragm is photo-
graphic or X-ray film, washed clean in hot water, and cut to shape. The
rubber tubtng 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 in the centre of the

'q chest-prece, which should measure about

S . A good bell stethoscope (fig. 1.01 b)

o 2 5 mm,

=" 15 better for detecting low-pitched sounds,
(a) Bowles such as soft mutral diastolic murmurs;

moreover, its range of sensitivity may be,
increased by varying the force with which it
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 its 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 days, and

(b) Bell gy 1
the 1l steth pe  (sy 0
Fig 1 o1-—Binaural Stetho- phone) The rigid wooden stethoscope 15
scopes

rarely used nowadays, but by combinng
aural and tactile senses 1t facilitates the recognition of gallop rhythm. The
differential stethoscope 1s constructed as shown in fig 1 o2, and may be
used to compare the timing of sounds onginating at different sites, and to
determine the direction in which amurmur 15 propagated (Kerr et al., 1937)
Auscultation of the heart can only be learned at the bedside, but the
following advice may be helpful to students. The prazcordium should be
examened all over, not just at areas where individual valve sounds are
expecte{i‘ gallop rhythm, penicardual friction, and certam important mur-
murs will not then escape notice. It 1s enough to Itsten to one thing at &
time: thus, when an expert hears a soft elusive mitral diastolic murmur,
hitherto overlooked, it is not necessarily because he has better ears or &
better stethoscope, but because he has acquired a more selective power of
concentration. Basal murmurs and pericardial friction are heard most easily
In expiratory apneea; tricuspid murmurs in insprratory apnea; mitral
murmurs in the left lateral position, especially after exercise or after the
inhalation of amyl nitrite. Heart sounds should be timed against carotid
pulsation; if difficulty is experienced due to tachycardia, the heart may be
slowed by carotid sinus compression. -
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The heart valves lic so close together, that a stethoscope placed over
them transmits sounds from all, making 1t difficult to distinguish one from
another. Certain favourable arcas have come to be recognised, however, at
which ezch valve may be studied selectively. Although such areas represent
maximum purity of particular valve sounds, they do not represent maxi-
mum intensity ‘Thus, if a valve sound or murmur is fant, 1t may be
inaudible at the site of selection, yet heard clearly elsewhere. Aortic diastolic
murmurs, for example, with the possible exception of those assoctated with
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Fig 102-~The Differential Stethoscope (3 varietres) Sounds travelling from A to B
reach the right ear before the left, giving the impression of mavement mn that direction

syphilitic aottitis, are usually heard much better down the left border of
the sternum than at the aortic area (second nght costal cartllage) Agam,
both aortic systolic and d lic murmurs are [ at the
putral 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 distinguish 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 orign, and 1s of Itttle
value in differential diagnosis The quality and timing of murmurs, how-
ever, are very important, 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 beginning of ventricular systole
depends upon the P-R interval: the loudest first sound is produced when
auricular contraction forces the leaflets wide open immediately before the
ventricles contract (P-R around o.10 second); but when there is a relatively
ST . . S e W

culatory states 1s simularly produced 1n that a relatively high and effective
filling pressure keeps the cusps wide open until the last possible moment,
whatever the auricles are doing.

The second heart sound 1s due to zortic and pulmonary valve closure.
Although the aortic element may be heard best in the aortic area, in the
neck, and at the apex beat, and the pulmonary element in the pulmonary
area, no such distinction 1s entirely reliable. In normal individuals both
elements can usually be heard, especially in the second and third left
interchondral spaces close to the sternal border In chifdren and adolescents
the split 1s often obvious (grade IT), particularly towards the end of inspira-
tion The first element 1s aortic, the second pulmonary. In adults, recogni-
tion of splitting may be more difficult {grade I), but becomes easier with
experience Pathological sphtting (grade I11) 1s due to delay in pulmonary
valve closure, and is usually due to nght bundle branch block or possibly
to delay 1n the emptying time of an over-filled nght ventnicle, Slight 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 advancing years With left bundle branch block the aortic element
may lag behind the pulmonary element, but rarely so much as to cauce
more than reversed grade I splitting.

Recogmition of a sphit second heart sound at once proves that both semi-
lunar valves are fi and thus exclud y stenosis. Recog-
nition of grade 111 tplmmg 15 also helpful, because the knowledge that
nght bundle branch block is probably present may be of considerable
diagnostic importance

Accentuation of the second heart sound may rcﬁult from S)S(lec or
'
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artery 1s unusually close to the anterior surface of the chest, either because
it is abnormal or because it 1s scantily covered by lung and chest wall, the
second heart sound is also loud. Conversely, a soft or absent second heart
sound is usual in emphysema

The third heart sound and other varieties of triple rhythm are discussed
elsewhere (page 164).
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Examination of the lungs. Whilst routine examination of all systems 1s
necessary in any specialtty, examination of the lungs 1s peculiarly significant
in cardiology for several reasons: to detect any abnormality associated with
the pul y circul cederna, 1nf; hydro-
thorax, and the like; to see if thcrc is any pulmonary cause for anoxzmia,
especially emphysema; to note whether there are any changes in the lungs
which might be secondary to bronchial obstruction due to pressure from
some cardiovascular lesion such as pertcardial effusion or aneurysm of the
aort3; to reveal any thoracic or intra-thoracic cause for cardiac displace-
ment, e & scoliosis, pulmonary cullapse or fibrosts, pleural effusion,

or clevation of the d

" Examination of the other systems, T ‘here 15 no need to go nto these
detail, but it must be recognised that important clues to cardiovascular
diagnosis lie outside that system Thus atrial septal defect may be suggested
by arachnodactyly; rheumatic actnvity by erythema margimatum, diph-
thenitic carditis by parcsis of accommodation or palatal palsy, beni-bert
heart and periarteritis nodosa by pol)ncurms, bactenal endocarditis by
the combination of fever, anemia, petech ly and clubbing of
the fingers; thyrotoxic heart disease by remote findings 1n 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 exammation are supported by
fluoroscopy and electrocardiography These two methods of mvestigation
are so umportant that a specizl 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 practitioner, but
are included to foster interest and understanding.

Direct measurement of the venous blood pressure. Whilst elevation of the
Venous p 1s usually detected cl lly 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 all
cases. The right arm, bared to the shoulder, 15 abducted to a right angle
and supported on pilows so that the antecubital fossa 1s roughly at heart
level An infuston needle, connected to a spinal manometer or sumlar
graduated glass tube, 1s then mserted into the antecubstal vern, the zero
mark on the manometer being placed at the level of the fourth costal carti-
lage by means of a spmit-level, the height to which blood rises above 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 pont To
avod clotting, a saline reservorr contaiung a drop of heparin should be
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attached to the system by means of d
T-shaped glass connexion, as shown in
figure 1.03, a few ml. of the solution being
allowed to flow through from time to time.
With this modification the manometer con-
tains sahine instead of blood, The result
should be expressed in cm of water (a
horizontal line through the fourth costal
cartilage with the patient at 45 degrees cuts
the superior vena cava just above its
sunction with the right auricle), or in cm. of
water above or helow the sternal angle. If
the technique is satisfactory, the saline
column should rise and fall gently with
respiration, and should rise sharply when
the arm 1s constricted above the needle. The
normal venous pressure, as s¢ measured,
ranges between 2 and 10 cm. of water and
averages §.76 cm. (Wood, 1936); expressed
with reference to the sternal angle, it may
be plus or minus o to 3 cm in relatively
Fig 1 o3—Apparatus formeasur-  horizontal positions

ing the venous pressute The crrcul tume. The 1 1
M Manometer graduated m cm N
T Catrate or saline reservoir may be measured from the antecubital fossa

to the head and neck, via the heart and
tungs Numerous substances may be used for the purpose, and fall chiefly
into three groups, illustrated by sodwm cyamde, histamine, and sodium
dehydrocholate. If © 25 t0 0 § ml. of 2 per cent sodium cyanide is injected
into the antecubital vein, the patient takes a sudden deep breath when
the substance reaches the carotid sinus, the respiratory reflex being
imtiated by direct chemical acuon (Robb and Weiss, 1933) The end-
pomt 15 therefore objective Sedium cyanide 15 rapidly rendered inert by
oxidation, so that the test may be repeated aimost immediately, if
necessary Unfortunately, patients vary constderably 1 their susceptibility
to the drug, and as this cannot be predicted the mmimum dose must be
toied first the sensation of choking and strangling which may foflow too
large a dose in sensttive individuals may be very unpleasant.

Histamine phosphate (Weiss, Robb, and Blumgart, 1928), in doses of
©0.001 mg. per kg. of body weight m 1 : 5,000 solutson, induces a sudden
facial flush when 1t reaches the caplllancs of the head and ncck Tt i is not
recommended owing to the uncertain end-point and sut
recorded times are too long.

A 20 per cent solution of sodum dehydrocholate (decholin, suprachol) has
been used extensively and has given satisfactory results, but 1t sometimes
causes vomiting (Winternitz e al., 1931). A dose of 3 to § ml. is injected
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rapidly through a wide-bore ncedle, the patient having been warned to
raise the other hand smartly the instant he should notice a strange taste in
or under the tongue. This taste is peculiarly intense and bitter, so that it is
difficult for the patient to be mistaken about the moment of its arrival, and
objectine confirmation may be obtained by the involuntary grimace which
accompanies it. The time should be measured from the beginning of the
injection to the end-point described, and in normal individuals averages
13.5 seconds, with extremes of g to 18 seconds (Wood, 1936). A concen-
trated solution of saccharin (2.5 G in 4 ml. of water), 5§ ml of 10 per cent
calcium 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 vomiting, and may be injected
repeatedly when serial observations are required.

The arm-to-lung-time may be measured by injecting 0 25 ml of ether
into the antecubital vein, 1ts arnval in the capillaries of the lung being
signalled by a sudden cough or deep breath, and by the smell of ether i
the expired air. Amy! acetate may also be used, the smell of pear-drops
being unmistakable when it reaches the fungs The normal ume averages
6 seconds, and ranges between 3 5 and 8 seconds (Hitzig, 1935). The test
has a limited value, as explained 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 wnting 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 U S A., and of McMichael and
Sharpey-Schafer 1n England. The median cubital vein of either arm 1s
exposed and the tip of a special nylon catheter mserted in the manner of
ntroducing a cannula The catheter, which has been previously washed
through with saline, and 1 the hilt of which 1s an adaptor connected with
a 5- or 10-ml. syringe loaded with saline, 1s then pushed up the vein 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.
Kinks at the thoracic inlet 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
vemn When the tip of the catheter lies 1n the right aurcle, the syringe 1s
removed, and the adaptor 1s connected by means of 2 rubber tube and
Y-piece 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 reservorr, or a continuous drip techmque may be employed The



Fig 1 o4 {top)—Catheter in night branch of Fig. 1 ob—Catheter i right branch of the
the pulmonary artery pulmonary artery (znd oblique position}
Fig 105 (bottom)—Catheter m mnght
branch of the pulmonary artery (1st
obligue position)

Fig. 1 o7—Catheter m left branch of the Fig_ 1 o8—Catheter in left branch of the
pulmonary artery pulmonary artery (15t oblique position}

14
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best way to enter the right ventricle 1s to loop the catheter in the nght
auricle and to rotate the upwardly directed tip unil it faces the tnicuspid
orifice; if it can then be passed through the valve 1t 1s i the nght position
for entering the pulmonary artery. Success is signalled by a sudden nse

of pressure in the and by d amplitude of pulsation The
catheter is then advanced into the pulmonary artery (figs 1.04-1.09). With
asaline only mean p can be recorded Electrical mano-

meters with optical recording overcome this difficulty, and provide con-
tinuous graphic records show-
ing systolic and drastolic levels
(Hamulton et af, 1934). Ten
m). samples of blood may be
taken under paraffin from
appropriate chambers for esti-
mation of oxygen unsatura-
tion.

Cardiac catheterisation 1s of
value as a means of obtaiming
samples of mixed venous
blood for estimating the
cardiac output, mn demon-
strating certain shunts, and
in measuning the pressures 1n
the right side of the heart If §
litres of blood pass through
the lungs per minute, and
the artcriovenous  oxygen
difference 15 50 ml. per hitre,
then the amount of oxygen
taken up by the lungs s 5 51

Fig 1 og—Catheter in left branch of the pul-
=z50 ml per minute In monary artery (2nd oblique position)

other words, the cardiac out-

put in litres per mimute X the arteno-venous oxygen difference n ml per
Iitre = the oxygen consumptien in m! per minute. This princsple was first
enuncrated by Fick (1870), and 1s usually expressed as follows.

Cardiac output (litres per min )=
Oxygen consumption (ml per min.)

Arterio-venous oxygen difference (ml. per htre)

The ovygen consumption may be measured by means of a spirometer 1n
the usual way The arterio-venous oxygen difference 15 estimated by
measurmg the oxygen unsaturaton of 5 or 10 ml, samples of blood from
the nght auncle and from the femoral artery, obtained by means of cardiac
cathetertsation and direct arterial puncture respectively, subtracting one
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from the other, and expressing the result in ml. per litre. Blood-gas analysis
requires farmbiartty with Haldane's or van Slyke's apparatus, The normal
resting cardiac output is about 3 Yirres per minute in the horizontal posmon
and ¢ litres per munute in the erect postion (MeMichael and Shatpey-
Schafer, 1944). During exercise it may nise to 20 to 30 htres per minute.

Intra-cardiac shunting may be proved by finding significant differences
n the degree of oxygen nnsaturation m samples of blood teken from
the venz cavee and nght auncle as m atrial septal defect, or from the
nght ventnicle and pulmonary artery as m patent ductus In a nermal
subject with 100 per cent hemoglobin, the arterial blood contans about
1go ml oxygen per htre; as the maximum oxygen capacity is about
200 ml per htre {page 17}, this gives 10 ml oxygen unsaturation per
litre, which 1s the figure obtamed by gas analysis Mixed venous blood
usually gnes an unsaturation value of about 6o ml. per litre; this may
be expressed as 200 munus Go==140 ml per litre oxygen content; or as
‘4 5% 10040 per cent oXygen saturation Complete mrung 15 always found
w the pulmonary artery, and usually in the right venuicle, but stream-
Iintng 10 the nght auncle may give nise to false readings if there is an
apprecsable difference between supenor and inferior vena cava samples
Proof of an wntra-cardiac shunt rs rarely accepted unless the oxygen
unsaturation of samples {rom different parts of the right stde of the heart
differ consistently by more than o mi flitre

The normal mean night auncular pressure hes between —2 and 2 mm.
of mercury with reference to the centre of the auricle in the recumbent
posinon, or between —8 and —4 cm of saline with reference to the sternal
angle The effective filng pressure of the heart 1s the auricular pressure
runus the negative mtra-theracic pressure, 1.e. 0-~(—§) mm. Hg = 45
mm. of mercury The mean nght ventricular pressure 1s 10 to 15 cm. of
saline above the right auncular pressure; the right ventricular systoltc
pressure 15 20 to 30 mm of mercury (Bloomficld ¢ al., 1946) The mean
pressute  the pulmonary 2rtery 15 about the same as that in the right
ventricle, the pulmonary duastolic pressure being very low. Measirement
of such pressures may provide valuable mnformation 1 dmgnosis and
research

The chuef nsks of cardiac catheterisation are paradovicat embolism in
cases of \eno—arterml shum ngors due to pyrogens in the apparatus, and

b b may cause hemi-

plegm or cesebral abscess, and grem <are must be taken when investigating
cases of right to left shunt: heparin should be given through the catheter
at the start in a dase of 25 to §0 mg , accardimg ta the age and weight of the
pattent {x mg per hg. body weight); and air must be rigidly excluded from
the system, especially when changing syringes during sampleg. Rigars
can be very dangerous in cases of severe mitra} stenosis or left ventricular
faiture, w hen the resulting nise of venous pressure may precipitate an attack
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of acute pulmonary edema. As the rubber connecting tubes carry saline
only, the pyrogens may be assumed to come from the liming of the catheter,
whech should either be destroyed after a rigor or thoroughly cleaned with
hydrogen peroide. Thrombo-phlebutis 1s rarely serious, but may give rise

to transient swelling of the arm and Iy to p
Infection may be avoided by careful aseptic lcchmquc and by giving a
massive dose of penicillin diately after the p fure. In cases with

night to left shunt, thrombo-phiebitis should be treated with hepanin with-
out delay (sec page 454).

Arterial oxygen saturation. With a normal hemoglobin of 15 gm. per
cent, one htre of blood should contain 15%1.34 X ro=201 ml of oxygen
when fully saturated, because 1 G of hxmoglobin s capable of holding
1.34 ml. of oxygen. As normal arterial blood 1s g5 per cent saturated, 1t
contains, at N.T.DI., roughly 1go ml of oxygen per litre, neglecting a small
amount held n solution in the serum The 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 1n the pulmonary circulation, e g severe
emphysema

Samples of arteral blood may be obtained from the femoral artery by
direct puncture An ordinary intramuscular needle attached to an all-glass
syringe containing 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 1s necessary On with-
drawing the needle the site of puncture should be compressed digitally for
at least 2 minute Some risk 15 attached to the procedure 1if the vessel 1s
unduly sclerotic, when a severe hazmatoma may result, The sample of
artenial blood 15 analysed as mentioned m the preceding section

Vital capacrty. This 1s easily measured by means of a spirometer. Durning
normal respiration the amplitude of the graph represents the tidal air,
usually about 500 ml The complemental air 1s registered by the additional
upright deflection inscribed when the subject takes a maxxmum mspu'atxon
‘The reserve air 1s rep d by the add
mscribed when the subject takes a maximum expiration Each averages
about 1,500 ml The vital capacity 15 the sum of these three measurements
{fig 1 10) and averages 31 to 4 litres, being higher 1n men than in women
Tt has been found to be proportsonal to the surface area of the body, which
may be calculated from height and weight by reference to standard tables
The wvital capacity is decreased particularly in emphysema and mn heart
failure with pulmonary congestion

Lung volume and residual arr. The residual arr 1s 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 oxsgen and encouraged to breathe quietly and to become
accustomed to the mstrument The vital capacity and reserve air are

8
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measured in the usual way., Ovygen 1s admtted at a rate equivalent to its
uptake, so that the graph remains flat, The patient 1s then disconnected,
and a known quantity of helium (hydrogen 1s not altogether safe) is intro-
duced into the system, The percentage of this gas in the spirometer 1s next
measured by means of a Katharometer (McMichael, 1939), and should
tally with the calculated percentage. When the patient 1s again connected
to the circuit, 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 in the spirometer With 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 is 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 pulmonary
congestion, howetver, the vital capacity s reduced at the expense of the
total lung volume, the residual air hanged, and 1s a
of the amount of extra blood held 1n the pulmonary 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 ink polygraph, and concentrated on the jugular

Fig 1 11—Jugular phlebogram
A Auricular contraction
C  Mentrcular contraction and closure of the tricuspid valve
e summat signals the opening of the tricuspid vahe

phlebogram as a means of analysing abnormalities of rhythm Although the
mstrument 1s now rarely used 1n chnical 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
cardiac cycle, labelled a, ¢, and v (fig 1 11} The first represents aurrcular
contraction and disappears when the aurncles fibnllate It may be distin-
guished clearly in many cases of heart block as an 1solated event between
two mamn juguler beats The c wave signals 1sometric ventricular contrac-
tion and closure of the tricuspid valve In the neck it merges mto the arte-
fact caused by carotid pulsation The v wave occurs after a longer mterval.
1ts rising 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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summit 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 auricular relaxa-
tion The trough (x,) between ¢ and v represents the negative pressure
created by descent of the atrio-ventricular septum and marks the systolic
ejection phase. The final trough (y) following the summit v is due to
release of auricular pressure following the opening of the tricuspid valve.

Simultaneous jugular phlebograms, electrocardiograms, and phono-
cardiog have helped iderably in the elucidation of gallop rhythm,
of the third heart sound, and of the opening snap of mutral stenosis, Optical
recording has replaced the graphic method employed by Mackenzie, so
that errors due to the inertia of levers 1s mimimised.

The arteriogram There are numerous methods of recordmg pulsation
from any superfictal artery, but those in which the graph is optically
registered are preferable They are of limited clinical value, because they
reveal little which cannot be discerned with the trained finger. A normal
arteniogram (fig. 1 12) usually exhubits two waves, P and D. The former is
the percussion wave and represents the rapidly transmutted shock of left

[T T i e e i s ey

Fig 1 12—Brach:al arteriogram
P Percussion wave T Tidal wave
D Dicrouc wmve
(By courtesy of Drs Frances Gardner and Max Zoab )

ventricular contraction; it 1s a pressure wave and must not be confused
with blood flow. Its veloaity 1s 5 to 8 metres per sccond and is mversely
proportional to the elasucity of the artery The length of the wave 1s 3 5
to 5 metres D 1s the dicrotic wave, and 1s produced by the shock of zortic
valve closure. The latter synchronises with the incisura N (dicrotic or
aortte notch) which precedes the dicrotic wave Under certain circum-
stances, e.g in combmed aortic stenosis and incompetence, a second
systolic wave T follows the percussion wave. This is believed to be a tidal
wave, the tail of the p wave bemng suddenly { by the
reflection of its head frum the periphery (Bramwell, x937)
Phonocardiography. The heart sounds were first directly recorded by
Frank (1904) and modifications of hus original methods are still widely
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used, A stethoscope is applied to the chest wall and connected, through a
rubber tube, with a2 Frank’s capsule. This consists essentially of a very thin
rubber membrane to which a small mirror is 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 in
many ways since, but has little advantage over the direct method (Orias
and Braun-Menendez, 1939). Tracings should be timed against the jugular

phlebogram which is the stmplest means of recording all mechanical events
in the cardiac cycle (fig 1.13)
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h ith el d and yugular phicbo-
gram Note the third heart sound and absence of murmus
(By courtesy of Drs Frances Gardner and Max Zook )

Phonocardiography has been largely restricted to academic and research
units, but deserves to be employed more widely as a routine aid to drag-
nosts. It has proved valuable in the elucidation of extra heart sounds and
1n the precise timing of murmurs

Ballistocardiography 'The ejection of blood from the heart is accom-
panied by a recoil of the whole body 1n the opposite direction proportional
to the mass ejected. If the body 1s placed honzontally ona specially con-
structed couch the recoil may be graphically ded. The
ballistocardiogram has been used chiefly to measure changes n cardiac
output, but the form of the graph may give other information about the
function of the heart (Starr, 1941; Starr and Mayock, 1948).

GENERAL TESTS

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

Examination of the urine The unnary findings may be helpful 1n cardso-
logy in four mamn ways First, albuminuria 1s commenly present in con-
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gestive heart failure, the diagnosts of which should be carefully checked in
its absence Second, diabetes mellitus may be associated with coronary or
peripheral athetcsclerusns. Thxrd red cells are near]) always found in the
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urmnary findings in hypertenston are of paramount importance.

Renal function tests The blood urea, urea clearance, and urine concen-
tration tests are those commonly employed Their chief value is 1n hyper-
tenstve heart disease It should be borne 1n mund that the blood urea is
often raised, up to about double the normal, 1n congestive heart failure from
any cause, with a corr ding fall 1n urea Renal function tests
are usually normal 1n embolic nephritis and 1n renal infarcts,

Blood count. Increased activity of the red marrow, with reticulocytosts,
1s frequent 1n congestive heart failure, especially when assocrated anoxzema
can be d rated, as m pul y heart disease. Polycythaemia is far
less common, except 1n congenital heart disease with cyanosis, The effect
of anemia on the heart 1s descnibed 1in Chapter XIX Here, 1t is only
necessary to say that the anema which may be associated with rheumatic
or bactenal endocarditis, and with malignant or chronic nephntic hyper-
tension, 1s usually normocytic and orthochromic. Anmmia associated with
myxedema 1s variable, and may be orthochromic or hypochromic, in the
latter, however, 1ron deficiency 1s usually present as well.

Leucocytosis may occur m rheumatic carditis, and in bacterzal endo-
carditis, but normal white counts are common 1n both, and indeed leuco-
penia occurs 1n about one-third of cases of bacterial endocarditis The
leucocytosis of myocardial infarction 1s transient, lasting hittle longer than
the fever Repeated white counts are necessary as a check against the
deselopment of agranulocytosis during the course of !hloumcll therapy,
and duning prolonged prophylactic tre with sulpt

The erythrocyte sedimentation rate. The E.S R. 1s helpful in cardiology
in several ways 1t 1s the most sensiive guide to the presence of activity
rheumatic carditis, 1t 1s accelerated 1n syphilitic z2ortic incompetence, which
may thus be d hed from old rh and ath ferotic varieties;
1ts charactenistic behaviour in myocardial infarction serves as a useful index
of progress; 1ts acceleration 1n the various forms of hypertension runs more
or less parallel to the degree of renal involvement, being rapid in nephritic
and mahgnant hypertension, and normal in the bemign type; 1t 1s retarded
by congestive heart failure, the development of which may suddenly alter
a reading of 8o or so, in rheumatic carditis for example, to one below 10,
Readings are normal in congenital heart disease (or low 1f there 15 poly-
cyth:!:mm) m old rheumatic heart disease, in uncomplicated angina
pectoris, in thyratoxicosi and in d {Wood, 1936)

The basal bolic rate. As thyrotoxicosis and myxeedema are not un-
common causes of cardiovascular disorder, and thiouracil is sometimes
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used to induce myxadema 1n stubborn cases of angina pectoris and con-
gestive heart failure, the ll.\l R is frcqucml) mcasurcd in cardrovascular
chnics. It is important, therefore, to 1 that readings are often
elevated in heart failure from any causc, if there is dyspneea, for under such
cir truly basal condi cannot be realised.
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CHAPTER Il
RADIOGRAPHIC DIAGNOSIS

TECHNIQUE

HERE are, at present, fix e radiological methods applicable to cardro-

fogy: ﬂuomscopy mthodlagmphy teleradiography, kymography,

and ang . Fl { ) 15 a routine diag-
nostic procedure; onhodmgmph) 15 the ccnstrucuon of a simple tracing of
the size and shape of the heart 1n any spearfied position, as a supplement
to fluoroscopy, teleradiography gives a more accurate record, and should
be preferred when facilities permut, kymography s a method of recording
the ch and amplitude of cardiac pulsation; angiocardiography 1s the
study of individual cardiac chambers or vessels with the a1d of intravascular
contrast media,

FLUOROSCOPY

With modern X-ray equipment 2 remarkably clear view of the heart may
be obtamed. 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 X-ray tube, 1s first
opened wide, in order to view
the thoracic contents as a whole
In this preliminary survey attention
1s pad 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 sze, shape, and pulsation of g, o\ _pageam o1 snteroposterior
each part should be noted 1n regular  view of the heart 2s seen fluoroscopically
sequence On the mght side (fig. NC fuperior vena cava

e 3
P
201), a fant, shghtly concave line, R Remrremede™
R e
representing the superior vena cava, AR e
descends from the sterno-clavicular EX A T s sppendage
IV ¢ Inferor vena cava

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 it to become convex Below ts the border
of the nght auricle, which usually meets the diaphragm at a shightly acute
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angle. The left border of the normal heart 18 made up of three convex
curves from above downwards, these are the aortic knob or knuckle, the
pubmonary arc, and the contBur of the left ventricle. Between the last two
there 1s a small neutral segment or point of opposing movement which
marks the left aurrcular appendage; aboye it the pulmonary artery expands
during systole, while below the left ventricle contracts. The hilar shadows
are chiefly vascular. the right pulmonary artery may be seen dividing early
mto upper and lower branches, the former bemg 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 2z o2—Diagram of right an- Fig 2 03—Diagram of left an-
terior oblique view of the heart as terior oblique view of the heart
seen fluoroscopically (15t oblique as seen fluoroscopically (znd
position) oblique position)
[ Harsum-filled oesophagus, RY  Rght ventrel
BP A Biturcanon of the pulmonary LY Lé\ennde
artery, AAd Aortic arch,

LA Left aurcle SW Sub-ortic window,

X Sortic arch o Darmm-filled oesophagus,

LB Left bronchus, RA  Right aungle, '
IVC Inferor sens éava LA 1 auricle,

v Yentexcles (L and R) FA  Pulmenary srch,

PA  Pulmonary arc, ST Supraaortic tningle

R'A Right auncle

The patient 1s then turned into the first, or right anterior, oblique
position The observer 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 posttion 1s satsfactory The arms should be extended, the left
fornards and outwards, the right backwards and outwards In this view
(fig. 2 02) the ventricular shadows are superimposed and the night auricle
is rotated towards the front, so that little can be learned about these three
chambers; on the other hand, the left auricle 1s outhned clearly, as it forms
the upper part of the postertor border of the heart. Just anterior to the top
of the left auricular curve, a rather dense round shadow may be seen, due
to the nfurcation of the pul! y artery; 1t is d with the anterior
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ventricular border by 2 convex line representing the root of the pulmonary
artery and conus of the right ventnicle. Above 1t are the superimposed

had, of the ling and de ding parts of the zortic arch If the
patient is made to swallow a banum emulsion of the consistency of thick
cream, the asophagus is outlined at the bach of the heart; under fasourable
conditions 1t is 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 esophagus 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 right 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 farming the postenior border of the heart shadow and the
right the antenior, so that their contours can be readily compared. The
shadow of the right auricle overlaps that of the right 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 hght-space known as the sub-aortic window, and crossed
by the translucent trachea and left bronchus. The aortic arch and descend-
ing aorta are well defined and shaped like an inverted J, but the pulmonary
artery is less distinct Above the aorta is another hght-space, the supra-
aortic triangle, 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

patient’s might as it crosses the aortic arch, Vel :‘ KA
then lies 1n close relation to a short segment of AR °

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 RATL vy

shadow of the left ventricle Ve ) <
ORTHODIAGRAPIY Fig 2 04—Orthodiagram of »

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

to enable tracing paper to be held firmly in FYE Juperor vena e

posttion To make an accurate tracing of the {4, lumonayare, = @ e,
g AR ortic ke

heart shadow, or orthodagram (fig 204), ) Romekmuckl

special attention should be paid to five pomnts R fight muncle,

First, the positton of the patient must be f4 Acendingsons

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 remain still Second, the tracing should
be made 1n mid-inspiration, and as 1t cannot be completed 1n one period
of breath-holding, lines which move with respiration should be checked



Fig 2 os—Teleradiogram of a normal sub-
Ject (AP view)

Fig 2 o6—Teleradwgram of a normal subject Fig 2 o7—Teleradiogram of a normal subject
{1st oblique position) (2nd oblique posttion}

28
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more than once. Third, to avoid distortion the cardiac outline must be
traced by means of parallel rays: this is accomplished by consmctmg the
diaphragm to the smallest aperture ¢ with adeq v

Fourth, the greatest accuracy must be maintained when tracing the interior
thoracic wall at its widest point, and the lateral borders of the cardac
shadow, so that the cardio-thoracic ratio 1s reliable. Fifth, the finished
orthodiagram should be cheched against the shadows traced to make sure
the patient has not moved dunng the procedure.

Fluoroscopes suitable for cardioscopy are so constructed that the X-ray
tube may be moved casily in any direction by the lever which operates the
diaphragm. In making the tracing, the small Iight-spot is run swiftly over
the contours of the heart, great vesscls, clavicles, interror thoracic wall, and
diaphragm. With cxperience it may be completed very quickly, without
danger of over-exposing the patient or over-heating the tube, nevertheless,
a good technician switches off the current whenever momentanily dis-
engaged. Fluoroscopy and orthodiagraphy are usually carried out with a
power of 6o hilovolts and a current of 3 to 4 milliamps ; but with obese
subjects it may be necessary to step-up the hilovolts to 65 or 7o, tn order
to obtain sufficient penetration Tracings are made with a wax pencil, and
it is 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 avoid distortion by diverging rays. The
duration of exposure should be half a second, to ensure a dastolic record

‘o obtain a systolic record, a very short exposure and a special timing
device are required. Skiagrams of the oblique views are best taken when
the most informative degree of rotation has been ascertained by previous
il py The normal app are ill d in figures 2 05-2 07.

KYMOGRAPHY

A specially constructed kymograph may be attached to a teleradiograph
for the purpose of recording cardiac pulsation (Stumpf, 1931) A lead
screen, contaming 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 carduc cycle The timing of the exposure 1s adjusted to synchrontse
wath the descent of the grid. 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 drastole, the troughs systole Pul-
satton is recorded 1n only one dimension, 1 ¢ 1n 2 plane parallel to the film;
but if 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 2 08—Normal kymogram (A P view)
(By courtery of Dr Jenner Hoskin )
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1947). A photosensitive pick-up unit 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 it is destred to record pulsation The amount of
light transmitted through the aperture varies with the movements of the
cardiac border, and is recorded graphically by means of a galvanometer
operated by the photo-clcclnc cell. The mterpretation of the graph 1s
assisted by a si Jugular phlebogram or other refe tracing,

ANGIOCARDIOGRAPITY

Individual cardiac chambers may be visualised by introducing 20 to 60
ml. of 70 per cent aqueous solution of diodrast or other contrast meda
(e - diodone) intrasenously (Robb and Stemnberg, 1938), its course being
recorded by means of serial skiagrams taken at intervals of one-half to one
second with the aid of 2 rapid casette changer (Sussman, Steinberg and
Grishman, 1941); or serial fluorophotographs may be obtamed by means
of a special camera or cinematograph (Stewart, Bretmer and Maier, 1941).
Contrast outhnes of the right and left sides of the heart may thus be studted
separately.

Patients may be seated or lying down. A long cannula of 6 to ¢ inch
fength of wide bore plastic tubing is inserted mto the antecubstal vein
and tied in position A so-ml. syringe 1s used and the diodone 1s injected
through the cannula as rapidly as possible—usually within two or three
seconds, according to the volume. If a spectal camera, multple casette
changer, or cinematograph 1s not available, good pictures of the night side
of the heart (fig. 2,09) may be obtamned by exposing a film the instant the
plunger is home. To obtain a satisfactory shiagram of diodone m the left
ssde of the heart (fig 2.10) “uhout a special pha!ogmphlc unit 1s more
difficult; but the technique 1s f: d by measuring the circulation time
beforehand If 5 ml of saccharine or decholine 1s used for this purpose,
the time obtained will prove too long to record the left-stded angrocardto-
gram; for the large volume of diodone 1njected 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
Alternatively, however, the same cannula and the same volume of flurd
used for angtocardiography may be employed for measuring the circulation
tune, diluted 1 gving a y end-pomnt. Under these cir-
cumstances the times should be 1dentical

The method has already been of service in determining the nature of the
bump between the pulmonary artery and left ventricle i cases of matral
stenosss, showing 1t to represent the left auricle rather than the conus of
the right ventricle (Robb and Stemberg, 1939, Grishman, Sussman and
Stetnberg, 1944), 1n establishing the diag of certain [ shunts,
¢ g. Fallot’s tetralogy (Stewart, Bretmer and Mater, 1941), patent ductus
(Steinberg, Grishman and Sussman, 1943), severe pulmonary stenosis




(b) Sccond oblique position



(b) Second oblique position
Fig 2 10—Normal angiocardiogram of the left side of the heart
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with atnal septal defect, Eisenmenger's complex, and tricuspid atresia;
in demonsteating coarctation of the aorta {Grishman, Steinberg and
Sussman, 1941) and partial or complete superior vena cava obstruction
(Taylor and Shulman, 1942) and in distinguishing 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 ane or maore of 1ts chambers, but they do
not compare with expert epimon based on the methods already outhned.
The most reliable 5s the cardio-thoracic ratio, which 15 the transverse
ciameter of the heart (fig. 2.11) over the
widest internal diameter of the thorax, and
which should not exceed 0.5 In normal
adults the transverse duameter of the heart
averages 122 em n the male, and 11 em
m the feraale, the range being 8 to 14 5 om.
{Roesler, 1937}

The fong dismeter is measured from the
junction of the supenior vena cava and nght
aurscle to the apex of the left ventrcle, and
lies between 10 and 155 om, averaging

Tig 2z 1i—~Duagram shawssng M
the common cardic measare- 13 €m  {Raester, 1937). It 15 especially 1o~

ments creased m cases of left ventricular enlarge-
in Transrerse damerer, .
$5  froag Sumens, ment; but 1t 13 alo relatively ncreased in the
ks of sotta,
LD Longd 3 4
LD, fomedumaer long narrow heart of asthenic subjects

The broad dameter s the sum of o
perpendculars drawn from the long dameter to the nght cardio-phrenic
angle below, and 1o the pont of opposing movement on the left border of
the heart above, and measures 7 10 11 cm. in normal adults, with an
merage of g cm (Roesler, 1937). It may be mcreased m cases of mitral
stenosss and pulmonary heart disease when the transverse and long
dezmneters are noreal

The location of the port of oppostng movement is miportant; for it
tends to be rased or lowered according to whether enlargement 15 mamly
feft or nght ventncular resg ly Simylar is hed to the
tength of the chord whick subtends the arc of the left ventricle, measured
from the potnt of oppostag movement to the left cardio-phrenic angle.
this line is normally 6 to 12.5 em long, and averages g cm (Roesler,
1937)- . .

The snteso-postesior diarneter of the heart is measured from teleradwo-
grams taken in the latera! position, and varies betw.ecn 7and 11 cm ; with
an average of g em. Itis a u5§ful check on the significance of an increased
transverse dsameter; for if this is due to cardac enlargement, the antero-
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posterior diameter should be increased proponionztcly, whereas if it 15
due to dcprcssmn of the sternum, the depth of the heart is decreased The
is ially increased in mitral stenosis

The \\ld(h of the aorta (2 to 3 cr.) may be measured in the antero-
posterior or oblique positions, whichever presents the clearest view of two
sides of the vessel. In the antero-posterior view, the measurement should
be made from the left side of the barium-filled @sophagus to the left border
of the aortic knuckle; but 1t is only valid when the posterior part of the
aortic arch passes directly backwards, i e. in a direction perpendicular to
the frontal plane. In the oblique views barum in the asophagus may also
be helpful: in the second oblique position, for example, the wesophagus
may be deflected abruptly as 1t crosses the aorta, so that the width of the
vessel is seen clearly. In practice, 2 normal aorta 1s most eastly measured
in the antero-posterior view; a syphuhtic, atheromatous, or unfolded aorta
m the second oblique view.

NORMAL VARIATIONS

Both the size and shape of the heart vary greatly 1n normal individuals
thus m childrén and adolescents the pulmonary artery may be relatively
prominent (fig. 2.12); in lean asthente subjects the heart may be elongated
and central in position (fig. 2 13), in short stochy indivsduals it 1s apt to Lie
transversely (fig. z 14).

Displacement or rotation of the heart to left or night 1s often due to
scoliosts, the finding being displ. of the heart to the left,
the spinal cunvature being convex to the right. Rotation of the spine with-
out conspicuous lateral curvature may cause constderable displacement or
rotation of the heart. When cardiac displacement 15 due to partial collapse
of the lung, increased transt of the over-expanded normal lung on
the same side 1s usually observed, and 15 a valuable stign when the collapsed
part cannot be seen

Slight 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, sino-auricular 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 similar type
may be encountered 1 athletes, in some 1t may be explamed by sinus
bradycardia, which is common in these subjects; but in others 1t may be
due to the extra demands which have been made on the heart

In obese subjects the left cardio-phrenic 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
skiagram may reveal general enlargement of the heart shadow; but 1n the
obhque views the depth of the heart 1s scen to be cosrespondingly reduced
(fig 217)

‘When such causes can be excluded, and unsuspected enlargement of the

e~




P 242 Tdursdowrmm of s chid i - vy—Transversehy placed heart s
dhossng Bl promunoee ot the 3 shoet stacky subject
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i 2 13~The slonated centrally plved Fig 215~ Relasely Jarge  distobe
heart of 3 tean asthene subgect heart-size A subyest with sinus
bradveardia



Fig 2 16—Teleradiogram of an obese sub- Tig 2.17—Apparent enlargement of th
sect, showing a truangular opacity at the heart 1n & case of depressed sternum
apex of the heart {penicardral fat)

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

Fig 2 18—Teleradiograms of the same patient taben with short exposures, showing
ifference 1n nise of heart shadow 1n duastole and systole

37



38 DISEASES OF THE HEART AND CIRCULATION

cardiac sithouette 1s revealed by a skiagram, it is wise to check the tech-
nique employed Portable X-rays, or pictures taken with the patient lying
or sitting, may be misleading owing to distortion. Short exposures may
catch the heart in systole and a skiagram so obtained 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 importance,

RADIOGRAPHIC ABNORMALITIES

'The tllustrations referable to this section may be found in other chapters,

but for the sake of are also reproduced here

ABNORMALITIES OF THE AORTA

Saccular aneurysm (fig, 2 19, a and b) 1s pathognomonic of syphils, It
may be distinguished from other space-filing lesions by its intimate con-
nexion with the aorta in all views, by caleification of 1ts walls, and by 1ts

Fig 2 19~Saccular aneurysm of the aorta
(a) Antero-posterior view. (b) Second obhique pasition
By courtesy of Sir John Parunson
pulsation; a thrombosed sac, however, may not pulsate. Angiocardiography
1s helpful in doubtfu! cases. Fusiform aneurysm {(fig. 2.20) is usually
d with aortic p and is alse practically diagnostic of
syphilis; it should be distinguished from undue prominence of the zorta
such as that commonly found in other forms of aortic incompetence (fig.
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2.21); occasionally 1t is due to disscction associated with cystic medial
necrosis of the aorta. S)phlh(lc :mrmxs without aneurysm or fusiform
dilation cannot be di ically with a although srregu-

lanties of calibre, if clearl) demonstrable, are suggestive.

Unfolding of the aorta may occur in aortic valve disease, in hypertensive
heart disease, and 1n atherosclerosis. The ascending limb is consprcuous,
the knuckle is unduly prominent, and the descending limb appears to the

Fig 220 (a)—Fusiforrm sneurysm of the Fig 2 20 (8)—Tusiform aneurysm of the
#orta (antero-posterior tiew) aorta (znd oblique position)

patient’s left in the antero-posterior view (fig. 2 22). In the second oblique
position the arch is wider than normal, and 1ts posterior part may pull the
@sophagus backwards (fig 223) Vigorous pulsation proclamms aortic
mcompetence rather than hypertension or atherosclerosts,

Tortuosity of the aorta 1s charactenistic of
atherosclerosis; 1t 18 best seen in the second
oblique view, but ruay be so marhed that the
descending himb appears to the right of the
heart shadow 1n the antero-postesior view (fig.
224) Calesfication of the aorta (fig 2 25) 1s
also charactenstic of atherosclerosts, but may
occur 1n the wall of 2 syphilitic aneurysm

Coarctatton of the aorta (fig 2 26) may be
recognised by a relatively small, absent or
elongated aortic knuckle, by notching of the . Onthod
nbs, and by the angiocardiographic demon- 1g. 2 24 — Orthodiagram
stration of 1{18 constr%cuun mglf pIn addition,  TustTAng termosity of the




Fig 2 21-—Prominence of the aorta due to Fig 2 z2—Unfolding of the aorta m hyper-
theumatic aortic incompetence tensive heart disease

Fig 2 23—VUnfolding of the aortic arch illus Fig 2 25—Calcsfication of the aortic arch
trated by baritm m the cesophagus.



Fig, 2 26—Coarctation of the aorta showng hiypoplasia of the aorta, and notching of the
nfertor margins of the ribs
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the left ventricle 1s usually enlarged. Absence of the aortic knuckle is also
associated with congemital night-sided aorta, but the latter may be
distingwished by the behaviour of the barium-filled eesophagus which is
then deflected to the patient’s left, mstead of to his right, as it crosses
the aorta (fig. 2 27)

Hypoplasia of the aorta is rare as a solitary congenital abnormality, but
1s common 1n assoctatron with certan other congenital or acquired lesions,
especially atnal septal defect and mitral stenosis The aortic knuckle is
small and 1ts pulsation diminished (fig. z.28).

(a) Antero-posterior Vies (b) Furst oblique position
Fig 2 27—Rught-sided ortic arch illustrated by means of barum in the gesophagus
(By courtess of Sir John Parkinsom)

ABNORMALITIES OF THE LEFT VENTRICLE

Left ventrscular enlargement 1s encountered chiefly n hypertensive
heart disease and aortrc valve disease, but 1t 1s also seen 1n patent ductus
arteriosus and 1n organic mitral incompetence, and may occur in vartous
conditions as part of general enlargement. It 1s easily recognised by the
density and bulk of the left ventricular shadow in the antero-postertor and
second obhique posttions, by increase 1n the transverse and long diameters
of the heart and of the left ventricular chord, and by elevation of the point
of opposing movement {figs. 2.29a and 2.20b). In hypertension and aortic
valve disease the shadows of the unfolded aorta and of the heart jtself may
be compared etther to two ovals, set at right angles, or to the shape of 2
boot.



Fig- 2 38~Hypoplasia of the aorta m =
case of metral stenosis

(a) Antero-postertor view (b) Second oblsque positron

Ty 2 20—Enlargement of the lefe ventricle due to syphilic aortic ncompetence

43
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When there 1s left ventricular failure, the hular shadows are exaggerated,
repr g engorged pul y vessels (fig. 2.29a), and there may be
fan-shaped mottling spreading outward towards the periphery if there is
pulmonary edema (fig. 2.30) Hydrothorax may be present, and 1f uni-
lateral 1s usually left-sided (Bedford and Lovibond, 1941).

ogthyes

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

PR )
Al

Left ventricular aneurysm may present as a bulge on the left border of
the heart, usually towards the apex (fig 2.31), and may exhibit paradoxical
pulsation. Myocardsal infarction may be located with precision 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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Fig 2 32—Kymogram showing absence of ps

Lete ventricular aneurysm.

Fig 231
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Figt, 2 33~~Dilatation of the Jeft avnicle formung 3 hump betucen the pulmonary are and
eft ventriele m @ case of organic mtsal mcompetence
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DILATATION OF THE LEFT AURICLE

Conspicuous dilatation of the lcft auricle invariably means orgamic mutral
valve disease; but the chamber may be unduly full in cases of left ventricu-
lar failure. In the antero-posterior view it may appear as a bump on the left
border of the heart between the pulmonary artery and left ventricle (fig
2 33), where it has been mistaken for the conus of the right ventricle The
best proof that this bump represents a dilated left auricle 15 afforded by

Fig 2 34~Dilatation of the left auncle Fig z 37—Dilatation of the Jeft auricle

seen on both borders of the hestt 1n the seen m the 2nd oblique position with

antero-postertor view in a case of rutral barium 0 the esophagus Case of mutral
stenosis stenosis

angiocardiography (Grishman, Sussman and Stemnberg, 1944), by passing
a catheter into the area t7a a patent foramen ovale, or by observing tts
pulsation m cases of heart block or mitral imcompetence. On the night
border of the heart an enlarged left auricle may throw a convex shadow
above, but overlapping, that of the right auricle (fig 2 34) The barum-
filled eesophagus 1s usually deflected to the patient’s night in the antero-
posterior view

In the right anterior oblique posttion the cesophagus 1s displaced back-
wards 1n an abrupt manner immediately below the left bronchus and pul-
monary artery (fig 2 35), the antero-postertor diameter of the heart being
increased, and the retrocardiac space decreased, correspondimngly Back-
ward displacement of the cesophagus from an enlarged left ventricle 1s
rarely so abrupt or so high, but on it may be 1nd. habl
(fig. 2 36) In the left anterior oblique position an enlarged left auricle




Fig 238 (a}—Ancurysmal diatation of the Jeft suncle i & case of rmural
stenosts Antero-postenor viewn,
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Fig. 2 38 (b)~—Ancurysmal dilatation of the left auricle i same case of mitral
stenosis Fist oblique position



52 DISEASES OF THEL HEART AND CIRCULATION

causes the acsophagus to be deflected back-
wards above the shadow of the left ventricle
{fig. 2 37)

Aneurysmal didatation of the left auricle
{fig. 2.38 2 and b) may be caused by
th ic mitral i p or stenosis,
but it 1s probable that a high degree of
aunicular muscle damage is an important
contnibutory factor.

Systolic expansile pulsation of the left
Fur 2 30— Orthodsagram dhus. auricle 18 pazhognomonfc of m.lml mc‘cm:
trating. evpansile pulsation of  petence, usually organic It is especially
the left auncle durng ven-  copvincing when seen on both borders of
tricular systole w a case of s

orpanic ritrsl stenosts the heart m the antero-pesterior view {fig

239) In the first oblique position, minor

degrees ot bachward pulsarron of the left auricle are often scen and must

be regarded as normal, but the quahty and amplitude of the movement in

organic mstral ¥ are oSt tmp ve and are eastly recognised

with enperience  Electrokymographie tracings should prove helpful
doubtful cases

ABNORMALITIES OF THE PULMONARY ARTERY
Dlatation of the pulmonary artery occurs chiefly in three congenital and
w three sequred lesions. namely, patent ductus arteniosus, atrial septal
defect, and pulmonary stenosts with closed septa, on the one hand; and
mutral stenoss, pulmonary heart disease and beni-bers, on the other. Rare
causes mclude the Essenmenger complex and capricious cases of patent
wntenentnicular septum without a dextraposed aorta; sometimes, no e~
planation s found
In patent ductus arteriosus (fig. 2.40} dilatation and exaggerated pul-
sation of the pulmonary artery and its proxumal branches are usually
4 with g hyperk aorta, enl of the left ventricle and
fuliness of the left suncle. Angiocardiography may reveal a shadow which
resembles 2 small ancurysm of the tfersor margin of the aartic asch where
1t 13 yomed by the ductus (Steinberg ef af, 1943) Atrsal septal defect (fig.
2 41} is che ised by gross dil and P pulsation of the
pulmonary artery and its two mamn branches; by a heawily marked peri-
pheral pulmonary vascular tree, by considerable enlargement of the right
ventricle and nght suncle, especially 1f there 15 associated mitral stenosis
(Lutembacher's syndrome); and by hypoplasia of the aorta (Bedford, Papp
and Parkinson, xg41) In pulmonary stenasis with closed septa, difatation
and wistble pulsation of the pulmonary artery are more or less confined to
the main vessel {fig 2.42), and are sligh!. or moderate in degree; the nght
venteicle 15 enlarged, but not the auricle (unless there is failure). In
g A er’s campley iderable diatation of the pul v oartery




Fig 2 42—Dilatation of the pulmonan artery
Fiy 2 yo—Dulatation of the pulmonary arteny in a case of pure pulmonary stenosss
and s beanches, ascaciated with feft sone
tricular enlargement due to patent ductus

Fig 2 g3—Dalatation of the putmonasy srtery iz 2 44—~Dilstavion of the pulmonary srtecy
1 2 case of Eisenmmenger's complax assactated with pulmanary congestan i & case
(By cautesy of Dr Maurece Camphell) of mtral stenosts



Fig. 2 45—Drletation of she pulmonary artery and its branches assocsated with hypoplasiz
of the sorta and nght ventricular enlargement m a case of atrial septal defect.
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{a} Anteso-postenor e {b} Firsx obhgue pomtion

Fig 2 4s~Dnlatation af thz pulmonary arters 354 sts mamn branches w a case of chronic
pulmonary heart disease due fo emphysema

Fig 2 45 {c)—Second obhigue postian Fig 2 46—Dilatation of the pulmonary artery
due to prunatv or sdiopathse pulmonasy hyper-
ension
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is the rule {fig. 2.43); as the shunt is from nght to left, the aorta is not
hypoplasic and the peripheral pulmonary vascular shadows are incon-
spicuous The appearances in ventricular septal defect resemble thoese of
patent ductus, but the pulmonary artery 15 usually less dilated
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Fig 2z 47~ The Corwr en sabot due to Fallot's tetralogs .

Of the acquired lessons, mutral stenosss may usually be recognised by the
presence of qortic hypoplasia ami enlargement of the left auncle, but these
are nat always evident (fig 2.44); moreover, if there is 2ortic incompetence
as well, the aorta may be prominent and the left ventricle enlarged. If
there is a bump between the pulmonary artery and keft ventricle m the
antero-postenor view, mutral stenosis (or incompetence) is certamn, whether

the shadow is believed to represent the left ausicle or the conus of the nght
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ventricle; for it does not occur in any other condition. In pulmonary heart
disease, the pulmonary artery and its main branches are moderately pro-
minent (fig. 2.45a). Owing to iated emphy , the ded shadow
of the bifurcation of the pulmonary artery appears especially dense, by
contrast, in the first oblique position (fig. 2 45b), and the pulmonary arc1s
unusually well defined, even to dwarfing the aortic arch, in the second
oblique position (fig 2.45¢). The aorta is more prominent in the antero-
posterior view than in the other congenital and acquired lestons mentioned
above, owing to the high cardiac output. The right ventricle 1s enlarged,
and the right auricle is abnormally full. Pulmonary heart drsease without
emphy sema, lled primary pull v vascular scl {fig 2.46) or
idiopathic pulmonary hy pertension, 1s more easily confused with congenttal
lesions, especially with simple pulmonary stenosis. Pure beri-ben is rare
in the United Kingdom, but is not uncommon in Japan, China, Java, and
other eastern countrtes. The radiological appearances are simlar to those
of anoxic pulmonary heart disease, but there is no emphysema.

Hspoplasia of the pul v artery js ch istic of Fallot’s tetralogy
(fig. 2.47). There may be a distinct gap between the aortic knuchle and
the curve of the left ventricle, and the vascular shadows at the hilum are
reduced on both sides.

ENLARGEMENT OF THE RIGHT VENTRICLE

Right ventricular enlargement is more difficult to recognise than left. In the
antero-posterior view there is
usually some mcrease in the
transverse and broad diameters,
the nght auricle being pushed
a little to the right, and inter-
ventncular septum to the left.
In some cases the septum is so
far the to the left that 1t forms
the left border of the heart,
only the tip of the left ventricle
bemg visible from the front:
the effect produced 1s that of
mncreased angularity of the
cardiac apex and a more zcute
left cardiophrenic angle, the
general shape resembling the
Dutch pezsant’s wooden shoe
with turned-up toe. This is
the “ceur en sabot”, and 1s
especially charactenstic of Fal-
“";n‘i::“;?; (gi;iz) ovhque D o emons Comd o o




NS

Fig 2 40—Gross enlargement of the right auricle due to tricuspid incompetence
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position, right ventricular domi 18 recognised by the i d
curvature of the anterior border of the heart shadow Instead of the lob-
sided appearance resulting from normal left ventricular bias, the heart
shadow is more globular, the anterior and posterior ventricular curves
being more equal (fig. 2 48). If the right auricle is enlarged, however, as
may be determined from the antero-posterior view, interpretation is more
difficuly, for its shadow is superimposed on that of the night ventricle in
the second oblique position, and it may be entirely responsible for the
mcreased curvature of the anterior border.

The right ventricle is disproportionately enlarged in Fallot’s tetralogy
and m all diti iated with dilatation of the pul y artery,
except patent ductus and patent interventricular septum.

ENLARGEMENT OF THE RIGHT AURICLE
Dilatation of the right auricle, usually associated with fullness of the
superior vena cava, is
seen in most cases of con-
gestne heart failure and
of atrial septal defect, but
it reaches gross propor- .
nions in tricuspid stenosts ’E
;
3

or 1ncompetence and in
Lutembacher’s syndrome
It may be distinguished
from pericardsal effusion
by the blunt right cardio- -
phrenic angle {cf. figs.
2 49 and 2 50).

When the shadow of 2 -
dilated left auricle appears
on the nght border of the
heart, it should be recog-
msed by its higher position
and more abrupt curvature
(fig 234). A zone of n-
creased density 1s seen
where 1t overlaps the .
shado i
R prouty tortiovs wors T 237 Tensntal s shovng s i
occasionally gives rise to -
confusion, for its descending limb may appear to the night (fig 2.24)
Fluoroscopy m the oblique positions should clarify the 1ssue




Fig 2 51—General enlargement of the heart due to 1solated myocarditis
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GENERAL ENLARGEMENT OF THE HEART

General enlargement of the heart shadow, involving all diameters, 18 seen
in rheumatic, diphtheritic, and Fiedler's carditis (fig. 2 51); 1n anzema,
thyrotoxicosis, arteriovenous ancurysm, and extensive active Paget's
disease of bone; 1n myxeedema and sometimes in von Gicrhe's disease, 1n
rheumatic heart disease with multiple valve lesions, and m fibrosts of the
myocardium of uncertain etiology. An example of general enlargement
due to thyrotoxic heart failure is shown in fig. 2.52.

PERICARDIAL EFFUSION

When effuston is iderable, the natural of the heart m the
antero-posterior view are replaced by single bold curves, and pulsation 15
absent or greatly reduced. The nght cardio-phrenic angle is ly

acute (fig. 2.50) In the first oblique position, the postenior border of lhe
heart shadow may bulge beyond the b:mum-ﬁ]lcd u:sophagus When
effusion 1s shght or di however, radiol may be
difficult; for pulsation may be clearly visible, and may, lndecd be greater
than that often scen 1n some of the conditions most likely to cause con-
fusion, Moreover, the natural contours of the heart, on one or other
border, may not be entirely lost, and may closcly imitate the indefintte
demarcations of the chambers which may be seen in acute carditis and
myxadema, for example. Under these circumstances more rehance
should be plaged on change of shape with alteration of posture, on bulging
of the posterior inferior angle of the heart shadow in the first oblique
position {nstead of the normal concavity of the inferior vena cava), and
on the degree and rapidity of changes 1 size from weck to week.

CONSTRICTIVE PERICARDITIS

‘The most important radiological evidence of constrnictine pericarditis 1s
loss of pulsation without cardiac enlargement; but calcification of the peri-
cardium is common and helpful, and 1s usually best seen in the left anterior
oblique positon (fig 2 53) Slight to moderate enlargement of the heart
shadow may occur if the pencardium is sufficiently thick (1 to z cm ), but
the triangular appearance given by the obliquely set straight nght znd left
borders should suggest the correct diagnosts (fig. 2.54)

CALCIFIED VALVES

Calcified valves are best seen fluoroscopically, they may be recorded by
means of tomography, The patient should be turned 15 degrees to the left,
and an imagmary line drawn from ghe point of opposing moy ement on the
left border of the heart, downwar@s-and to the patient’s night, at an angle
of 45 degrees with the horizonfal (fig 2.55) The aottic valve 15 sttuated
Just above this line 1n the centrebof the hearr shadosy, the mutral yust below



Fig 2 s2—General enlargement of the heart
due to thyrotouc heart fallure With auncular
fibrillation

Fig 2 53~Case of chronic constrictive peris rlg. 2 sr—Chmmc constrictive pericar
cardis showing extensive of the ng shaped heart in the anter
pericardium (2nd oblique poution) view,
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it and a little to the patient’s left. Calcification may be recognised by hnear
or anti-clockwise elliptical mosement of dense crescentic opacities, in the
direction of the anatomical avis of the heart, synchronous with the heart

Fig 2z 5s—Orthodiagram  show-

ing the position of calcified valves Fig 2 s6—Orthodragram show-
The patient has been tumned fifieen ing the posttion of calified valves
degrees to hus left n the 2nd oblique position
A Aorticvalie A Aortic valve
M \Mreal vahe AL AMitralvabve

beat The technique requires proper accommodation and maximum con-
striction of the diaphragm so that’enly a square inch or so of the screen is
visible, Calcified aortic valves are sometimes better seen in the second
obligiie position where they lie at the intersection of a vertical line through
the centre of the heart shadow and a horizontal line through the top of the
left ventricular arc (fig. 2 §6). This view may be helpful n valve differen-
uation, for the mitral valve lies in the posterior third of the heart shadow
{Sosman, 1939) and at a lower level
)
REFERENCES
Bedford, D. E, and Lovibond, J L (1941) “Hydrothorax 1n heart falure”,

Brit.Heart ¥ , 3. 93. , Papp, C., and Parkinson, J (1941) “Atnal septal defect”,
Toid , 3, 37.

Grishman A Srpichacn {f F ~od € 4m- -2y VT L. (1041) “Tetralogy of
Yo ot f . v sels”, Radwlogy, 37, 178

L EL L 'e i+ ngocardiographic analysis
ey P . 1 o b v ', Amer J Roeytgenol , 51,
33

Henny, G C, and Boone, B R (1947) “Improved electrohymograph for re-
cording heart motion, improved type”, Ibid , 57, 409

Robb, G. P, and Stemnberg, I (1038) “A practcal method of visualisation of
the chambers of the heart, the pulmonary circulation, and the great vessels m
man™, ¥ chin Invest, 17, 507 ——, —— (1939) “*Visuahsation of the chambers
of the heart”, Amer ¥. Roentgenol 42, 14



64 DISEASFS OF THE HEART AND CIRCULATION

Roester, H (1928): “Bestrage zur Lehre von den angeforenen Herzfchlem
IV, Untersuchungen an zwer Fallen von Isthmus-Stenose der Aorta™, Weiner,
Arch.inn, Med., 15, 521. — {1037) “Clinical roentgenology of the cardiovascular
system”, London.

Sosman, M. C. (1939) “R 1 1 aspects of ired valvular heart
disease”, Amer. ¥, Roentgenol , 42, 47.
Stemnb N ,» Guish ., and § M. L (1043). “Angocardio-
graphy in congemtal heart dlscasc > I “Immcardmc shunts®, Ihd., 49, 766
T “Patent ductus artenosus”, Ibid., 50, 3
Stewart, W. H, Breimer, C W, and Ma\en H (o] (lg.u) “Cineroentgeno-
o . o Ibid , 46, 636.
o pathologischen Anat-
he Bewegungsbild und’
&) Fortschr. a d Geb.

Lc-p ig]

' 1941). “Multiple exs
posure tect n contrast of the cardic chambers and great
vessels”, Amer. J Roenigenol , 46, 745.

Taylor‘H K, and Shul T (1942) “‘Card. i hy”, Radwlogy, 39,

Thompsqn S A (1941). “Differential diagnosis by means of intravenous
contrast medium of two cases simulating aneurysm of the pulmonary artery”,
Amer ¥ Roentgenol , 46, 616



CHAPTER 111
ELECTROCARDIOGRAPHY

LECTROCARDIOGRAPHY was discorered in relation to the frog's
Ehcan by Kolliker and Miller (1856), and was prosved applicable to the
study of the heart in man by Waller (1887), who used a capillary
and an antero-p chest lead It was elaborated by Lin-
thoven (1603), imventor of the string gah anometer and author of the famous
triangle 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 empirical basis, and considerable success has been
achieved in this respect, especially by Wilson and his colleagues (1930 et
seg.}. It 1s not easy (or n:c:ss;\r)) for the ordinary physician, unless he also
be a physicist and math to grasp the el { details mvelyed,
but the following simplhfied account will be readily understood
Certain molecules in the resting cardac muscle cell dissociate mto posi-
tive and negatne jons The positively charged 1ons (cations) are distibuted
on the outer surface, the negatively charged rons (anions) within (Curtis
and Cole, 1941). Such a cell 13 11 a state of electrical balance and 15 sard
to be polarised (fig 3 01a). When the cell 13 excited 1ts polarity 1s reversed,
the negative charges coming to the surface, the posive charges passing
within, and the cell 13 sa1d to be depolarssed (fig 3.01b) It should be clear
that when a number of cells are clustered together, all 1n the resting polar-
1sed state or all i the excited depolanised 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 depolarised would
possess negative surface charges, whereas those still polansed would have
positive surface charges, and the collective 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 1s elec-
trically postuve and its tail negatne (fig 3 ord) If 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 instantancous re\ersal of cellular polanty, so that
the d of the gal fl 1s brief, and practically
mndicates the speed of the wave 1f 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 negative collectise
3 65
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surface, if recovery has not yet commenced at A, and there is no potential
difference between A and B. Within a short time, however, recovery begins
at A (fig. 3.01f}, and the cells become repolarised, their collective surfaces
becoming positively charged again, While the recovery process, or regres-
sion wave as it is called, is spreading from A towards B, a current again
flows through the gal but in the opp direction, The regres-
sion wave travels at the same speed as the accession wave, but causes a
slower change of polarity, so that the galvanometric deflecuon 1s not so
brief. If the movements of the galvanometer are graphically recorded, the
passage of an excitatory impulse from A to B results therefore 1n a diphasic
curve such as that shown in figure 3.02, the first deflection being quich or
sharp, the second slow or blunt. Moreover, if the far tissue 13
uniform in all relevant respects, the

area occupied by the first deflection,

which may be measured by means

of 2 planimeter with suitable

magnification, is exactly equal,

though of opposite sign, to the area

occupted by the second deflection.

In modern electrocardiographic

parlnce the first deflecion. 15 F%, 30T dohene e preduced
represented by the P wave when n heart muscle

1t reflects auricular excitation, and

by the QRS complex when it reflects ventricular excitation, while the
second 1s represented by the Ta and T waves respectively 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, bundle branches and Purkinje network. As the

heart 1s not a uniform muscle-block, but a bi-ventricular organ composed

of numerous mtertwining S-shaped muscle bundles (Robb and Robb,

1938), the initial ventricular deflection (QRS) ts not monophasic, as in

figure 3 02, 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 is impossible, m the light of present know-

ledge, to determine by scientific theory precisely what an electrocardiogram

should look hike, 1t 15 only possible to find out by the pracucal me(hod For

this reason, el phy has largely d an emp 1 study

Einth 1

's string consssts of an fine fibre, such as
silver-coated glass, suspended between the poles of an ¢lectro-magnet, when a
current passes through the fibre, the latter 1s deflected towards one or other pole,
according to the direction of the current By suitable magnificatson and illumina-
tion the movements of the shadow of xh:s string may be recorded on a moving

hic film Valve-amp hs of various forms, operated by
potenual differences, may be used instead of Einthoven's instrument Time-
marking 1s so atranged that fine vertical lines appear on the film at iatervals of
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0.04-0,05 setond, prefermbly with thicker himes every 20 second. Horivontal
lines for measuring voltage are spaced at intervals of 1 mm,

Practical pomts 1o bear in mind include satisfactozy insulation of the machine
and lead-wires to prevent so-¢y¢le A C. interference, proper standardisation of
the gal so that z defl of 1 cm. rey a potential daff
of 1 mv , snd the el of shin by means of et de jelly. The
paste descrbed by Jenks and Graybiel (1g335) bas proved effectiver st consists of
sodmm chloride zg50 G (6 5 1b ), powdered purnice 3600 G. (8 1b), gum
tragacanth 226 G (8 oz ), potassim bitartsate 114 G. {4 0%}, glyoerol 70 mi.
{24 0z ), phenol 28 § G. (1 0z }, and water to 7 5 litres {2 gatlons) The electrolyres
are dissolved 10 one gallon of water, while the pumand glycerol are heated for s1x
hours wn the other, the tus are then mued, surred, and reheated for one bour.
Phenol and punuice (and more water i necessary) ate then added, and mined
untit the preparation has the consfstency of eream Fresh soft green sosp (BP)
15 very lutle sferior, espeowlly afier rubbing the shin with some abrasive (Bell,
Knos and Small, r939) A number of sansfactory pastes or gels are marketed

CHEST LEADS

Analyst * ~~cvms has become simplified since the intro~
duction o ' T =+ 1oa4). Previously all electeo-
cardrograms were bipolst, u.. waal differences berween
wwo electrodes placed ot different sites vp .+ arface of the body, eath
gathetmg diffs i valnes A ding to Emth 's theory, how-
ever, the algebrmc sum of the potentials at the left arm, right arm and left
leg always equal 2ero, these powmts representing the apices of an equilateral
trrangle i the frontal plane of the body, the heart fying at its centre, and
the imbs being regarded as extensions of the fead wires * Thus st is only
necessary to bk up these three pomts to o commen terminal {preferably
through a resistance of §,000 ohms 1 order to nevtrahse differences in skin
seswtance) to provide an elecrrode that remains at zero potentsal through-
out the eardiac cycle If this neutral or indifferent electrode 15 hinked to
one arm of the galvanometer, the instrumment Wil record the potential
vanations of an “explonng”™ electrode hnked to the other arm This 15 the
basis of all V leads, V standing for potential value or voliage at any par-
ticular point. 1t has been agreed that positivity of this exploring electrade
should be represented by an upnght electracardsographse deﬂccmm

[t 1s now ¥ to der the v; mp 1 that xnay be
recorded if the e-cplonng electrode 18 placed over the snrface of the left
ventritle in man (Walson #2 af , 2944). As the accession wave spreads from
endocardi! to epicardial surfaces, the Jeft veatricular cavity (i contact
with the tail of the wave) becomes electrically negatnve, and the surface of
the heart {in contact with the head of the wave) becomes e]ccmcaﬂy posi-
tive. The galvanometer therefore records an upnght or positive deflection,
R (fig. 3 03b). When the accession wave reaches the surface, the explonng

* The mathematical proaf of this equation 3s gnen by Walsan et al (1546}, Goldberger
{1947), 2nd by others
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electrode undergoes an abrupt resersal of polanty, and the galvanometer

registers a sharp downward deflection (the i deflection) As both
the cavity and surfncc of the left ventricle are then at the same negative
1, the electrical field is abolished, and the galy comes 10

res! (fig. 303¢) A comphc:mon arises, however, beczusc the accession
wave starts at some point (such as the left side of the intenentnicular
septum) remote from the muscle underlying the electrode The Jeft ven-
tricular cavity thus becomes negative before the muscle under the electrode

Lg'f‘ *

3-03¢ 303¢d
Fig 3 o3—Formation of the Q, R and § waves (sce text)

begins to be activated, and this negative potential ts passively transmutted
to the surface to be recorded as an imitial downward deflection, Q (fig
303a) As leads taken from the night ventricular cavity show an imtal
positive deflection 1n practically all mstances, 1t 1s now generally beleved
that the excrtation wave starts on the left side of the septum Again, if the
accession wave 1s still spreading through muscle remote from the exploning
electrode when the galvanometer has registered the local intrmste deflec-
tion, the electrical field is mamtained, and continued negatvity of the
cavity 18 passively transmitted to the surface under the electrode, to be
recorded as a final downward deflection, S (fig 3 03d)

When the explonng electrode 1s placed over the right ventricle, sunilar
prnciples hold good; but the right ventricle 1s much thinner than the left,
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and therefore the loval potential differences are smaller and are normally
overpowered by left ventricular events. An mitial R wave is almost invari-
able and probably represents the positive potential produced in the right
ventncular cavity as the accession wave spreads through the septum from
left to right. Further development of R, as excitation passes through the
antertor wall of the right ventricle, is more or less prevented by the stronger
negative potential induced by the tail of the wave that is spreading
through the left ventricle; this 1s represented by a large S wave. Q is never
seen over 2 normal right ventricle The second ventricular deflection, T, is
upnght over the left ventricle, but may be inverted over the right (in leads
V1 and Vz).

In chnucal electrocardiography multiple chest leads are designated leads
Vi-y. The figures indicate the position of the proximal electrode with
reference to the chest-wall, and represent respectively the right and left

borders of the sternum, the left
para-sternal  and  mid-clavicular
lines, and the antertor, mid, and
posterior axllary lines, at the level
of a line passing from the fourth
intercostal space at points 1 and 2,
to the fifth intercostal space at point
4, and thence hortzontally (fig. 3.04).
For routine purposes leads Vi, V3
and V5, or V2, V4 and V6 are usually
sufficient; but in particular mnstances
other combinations or all seven
leads are preferable. A typical record
obtained with this techmque is iflus~
Fig_3 oa—Mulople chest keads Va-ve, 121ed 10 fig. 305 Over the left
Posttion of the explonng electrode ventricle (Vs and V6) there 15 a small

Q wave, a large R wave, no S wave,

an iso-potential R-T junction, and an upright T wave In the transition
zone (V3-V4) Q has disappeared, a pi S wave has developed,
and T 1s sharply upright. Over the right ventricle (V1) there js again
no Q wave, R is small, § large, and T 15 flattened In normal subjects
the P wave 1s upright or occasionally diphasic (3 per cent) in V3, but often
diphasic (20 per cent) ot inverted (15 per cent) in V1. Q is usually present
in V6, occurs 1n V5 1n 45 per cent of cases, but is rarely seen farther to the
right. S 15 usually absent in V6-7, 1s absent in V5 in 17 per cent of cases,
but is invariably found 1n V3 and V1. T 15 always upright 1n V4-V6, may
be oceasionalty diphasic in V3, and is inverted in V1 1n 62 per cent of cases.
1f there is clockwise rotation about the longitudinal axis (viewed from
below), the anterior surface of the septum is shifted to the patient’s left:
this means that S is domnant in V3, the transition zone being shifted to
Vior Vs In such cases Q may not appear until V6 or V7. Similar graphs
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(a) Average normal

{b) Clochwise sotation about longitudinal awus

Fig 3 05—Normal chest lead electrocardiogram (Vi-V6)
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Fig 3 o5 (Q—Anti-clockwise rotation
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are obtained when the heart is horizontal in position, the septum then
being displaced to the patient’s left {fig. 3.03b)

Anticlockwise rotation about the longitudimal axis brings the antenor
surface of the septum to the patient’s right. The QR pattern may then be
scen from V6 to V3, and the transition 7one is shifted to Vz (fig 3 o5c)

In additian to leads Vi-Vy, other positions of lhc exploring clectrode
have been used with ad ge under excepti An
esophageal lead may alse be helpful in doubtful cases of postenor myo-
cardual infarction, and an intracardiac lead may provide nteresting infor-
mation; but these are rarely necessary for clinical purposes.

The sophageal fead tahes its p ial from the surface of the left auncle
when high, and from the posterior surface of the left sentricle when low
Left aunicular potentials are transmutted from the cavity of the left ven-
tricle, and show monophasic Q waves and nverted T waves, the cavity of
the left sentricle beng negative throughout the inscription of the mtal
and second \entricular deflections. The posterior sutface of the left ven
tncle gives nise to 2 QR complex simular to that obtained anteriorly or
laterally, (Esophageal patterns th show pt Q waves or QR
deflections, Q dominating when the electrode is refatively tugh up, R when
the electrode 15 relatively low down. T 15 usually negative when the efec-
trode 1s high, positive when low.

Intracardiac leads from the cavity of the right ventricle show a small
mitial R wave folloned by a deep S wave as already described If the
catheter 1s passed through a patent foramen ovale mto the left venncle, 2
monophasic Q wave 1s obtained YWhen the catheter 1s passed mto the
pulmonary artery, the smafl R wave seen within the cavity of the nght
ventricle disappears in favour of a monophasic Q wave (fig 3 o0); this is
because the pulmonary artery takes 1ts potentials from the surface of the
left auncle

There are thus only a limited number of basic QRS pattems upon which
all ventneular defl d in chmcal e hy de-
pend (fig 3 o7): the QR complex of a left ventijcular surface fead (T
normally upright), the RS complex of a nght ventricular surface lead (T
usually upright), the monophasic Q wave of a left ventricular cavity lead
(T normally wverted), the RS complex of a right ventricular cavity lead
(T normally mnvetted), and the balanced QR pattern of a cambined left
ventricular cavity and surface lead from the back of the heart {Goldberger,

1947)

The direction of the second v lar defl T, s app 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 cavinies,

Instead of V leads, many workers, including Wolferth and Wood (1932~
33) who re-ntroduced chest leads to climeal electrocardiography, have
coupled the explonng electrode with a refatively indifferent electrode
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placed on the nght arm (CR) or on the left Jeg (CF). Agreement will never
be reached as to which of these is the more informative and st is expected
that they wsl] both be abandoned in favour of V leads, They will be con-
sidered i greater detadl in subsequent paragsaphs.

S L

Fig 3.07~—The basic QRS-T patterns

UNIPOLAR LIMB LEADS
‘The potentral values in the right arm (VR), left arm (VL), and left leg
(VF), may be obtaned by placing the explonng electrade on the desired
limb and hinking 1t with Wilson’s neutral electrode. As unipolar limb Jeads
are of Jow voltage, it is customary to alter the standardisatson so that a



ELECTROCARDIOGRAFHY 75

potential difference of 1 millivolt causes a deflection of 15 mm (instead of
10 mm.) Alternatively, Goldberger’s augmented leads may be used. With
this technique the V lead is attached to the limb, the potential values of
which are being measured, whilst the wire connecting this hmb with the

Fig 3 08*—Untpolar mb leads (VL, VR, VF) and standard leads 1, 2, and 3
(a) Normal (the heart is more horizontal than vertical}
central neutral terminal is detached and left hanging free. The potentials
are thus increased by 50 per cent (Goldberger, 1942), thus.
assummng VR4 VL4 VF = Q
then VL +VF = —VR

Now when an electrode on the nght arm 1s paired with a central termmal

Jinked to the left arm and left leg, the galvanometer records VR— -‘Lj—‘Ff
the latter being the mean potentials of the left arm and left leg
’
Now VR-VEEYF
~ vr-(=VR)
( 2

= VR+1VR = 11VR

* The reduction in the voltage of R from V1 to V3 15 due to the resistance of breast
tissue, and 1s not uncommon m women



Fig 3 08 (b)—-Honzontal heart

~Vertical hears,
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Unpolar limb leads are useful in determuning the electrical position of
the heart, n explaining the difference between CR, CF, and V chest leads,
and in demonstrating the basis of the standard leads VR usually shows
mversion of all complexes because it-reflects the negative potental of the
cardiac cavities transmitted through the great vessels (figs. 3.07 and 3 08).
When the heart is normal in size and positron, VL and VF are mamly
posttive, dominant left ventricular surface potenm]s bemng transmitted
more or less equally to both of them; but VF i more posttive than VL,
because the latter is also influenced by the negative potentials of the munes
transmitted through the great sessels (fig. 3.082). When the heart 1s
electrically horizontal, however, left ventricular surface potentials are
transmitted more strongly to the left arm, and right ventricular surface
potentials to the left leg. There is then a small Q and tall R wave m lead
VL, and a small R and deep S wave in lead VF (fig. 3.08b) When the heart
1s electrically vertical, the negative potentials of the cavities are transmutted
more strongly to the left arm, and the left ventricular surface potentrals
more strongly to the left leg There is then a small R and deep S wave n
VL, and a small Q and tall R wave in VF (fig 3.08¢c)

The differences between CR, CF and V chest leads may now be appre-
ciated: CR leads are V leads minus the potentials in VR, whilst CF leads
are V leads mnus the potentials in VF. As VR potentials are negative, therr
subtraction from V mn CR records makes all deflections more positive ~ not
only 1s R taller in lead CR1, but T is invanably upright in aduits and 1n
children over eight years of age Again, since VF potentials are normally
posttive, their subtraction from Vin CF records makes all deflections more
negative As the voltage is usually higher in VR thar i VF, however, CR
leads show greater differences from V' leads than do CF leads

STANDARD LEADS

Einthoven’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 left
leg and left arm (lead 3) Electrocardiograms dertved from these leads can
be calculated, of course, from the deflections obtaned with untpolar limb
leads; for lead 1 equals VL-VR, lead 2 equals VF-VR, lead 3 equals VF-
VL. The subtraction of the negative potentials in VR from the posttive
potentials 1 VL result 1 strongly positive QRS and T deflections Agamn,
as the voltage of R i VF is usually higher than that m VL, QRS 1s 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 2) = )LL VR (tead 1) + VF~YL (lead 3)

and has nothing to do with Emthoven s theory or tniangle
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The relationship between the standard leads and the Wilson unipolar
limb leads is as follows:

-
VL = 111
3
‘YR =Iig
3
11
VF 2%1”

The augmented values obtained with Goldberger’s technique may be
derived from the standard leads by changing the denominator in the above
equations from 3 to 2.

NORMAL APPEARANCES
(Fig. 3.08)

P wave P represents the excitation process as it spreads fram the sino-
auricular node through both auricles. It 1s usually blunt, and is upright in
leads 1 and 2, but may be inverted 1n lead 3 Its height should not exceed
2 0 mm, and its duration o 1 second. Following P, slight depression of the
base-line, sometimes hidden by the QRS complex, may be evident, and
represents auricular recovery or repolamsation It has been termed the
aurtcular T wave or Ta wave.

P-R nterval, No deflection 15 caused by the passage of the excitatory
impulse down the bundle of His, its main branches, and Purkinje network,
50 that there 13 an 1so-potential interval between auncular and ventricular
events. this is the P-R mterval, and 13 conveniently measured from the
L of Ptothe b of QRS, It ly ranges between 0.12
and o.20 second, but occasionally, even 1n young subjects, it may measure
o021 or o022 second, without evidence of heart disease or of general ill
health

The P-Rnterval 1s Little affected by spontaneous variations in heart rate,
but may be shightly reduced by atropine, and slightly lengthened by carotid
sinus compression  Vagal tone has 2 much greater effect on thé sinus node
than on A-V conduction,

The QRS complex. Q, R, and S, when all are present, form a triphasic
complex representing the spread of the accession wave through the ven-
tricles, and are convenient symbols for describing the shape of the initial
ventricular deflection. Each 1s applied to a wave so defined by its direction
and by its time-relationship to the others Thus any upward deflection is
called R, or if there are two such, R and Ri1. A downward deflection is
called Q if it precedes R, or if 1t 1s the only wave present, and $ if it
follows R.

Q rarely measures more than I or 2 mm. 1n leads 1 and 2, and is often
absent altogether; 1n lead 3, however, it may be conspicuous, and may
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measure up to one-third of the amplitude of R. R should exceed 5 mm
in height in the most favourable lead, unless the spatial vector 1s unusually
postero-anterior. Slight notching or slurring near its base is common and
has no signiﬁcance Distortion of the apex of R is rare m normal subyects,
but may be disregarded when ied by other changes 5 1s van-
able, and is greatly influenced by axis den 1ation, which will be considered
later.

The whole QRS complex should not exceed o 1 second in duration, and
rarely exceeds o 08 second in normal individuals

RS-T segment. This refers to that short segment between the QRS com-
plex and the T wave, i.e. between the end of the excitatory and the begin-
ning of the recovery processes. In some cases this is so short as to represent
merely the RS-T junction. Any deviation of the RS~-T segment from the
iso-potentral base-hne should be regarded with suspicion. Slight deviation,
of the order of 0.5 mm., may be within normal limuts, yet taken 1n con-
yunction with other findings may 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. Speaking in this way, 2 normal RS~T segment curves gently
from its point of origin n the direction of the T wase; 1t 1s neither straight,
nor does it devrate in the opposite direction first.

T wave. ‘T represents the recovery process or the regression wave
(repolarisation), and 1s known as the second ventricular deflection. It 1s
normally upright in leads 1 and 2, but may be inverted in lead 3 It should
measure at least 2 mm in amplitude in the most favourable lead.

Q-T interval The interval between the begmning of QRS and the end
of T represents the total time occupied by ventrrcular excrtation and
recovery. It 15 inversely proportional to the heart rate, ranging between
© 42 second at a speed of 48 per minute, and o 28 second at 2 speed of 110,
The formula of Bazett (1920) is Q-T=K +/C, where C represents the cycle
length. The constant K is vaniously given as 0.38—0 39 plus or munus o o4,
and is a trifle longer 1n women than in men and children.

Taran and Szilagyi (1947) have made the sensible suggestion that the
Q-T intenval should be recorded as corrected for rate, 1€ as Q-T, This
should equal Bazett’s constant, K, 1e. the actual Q-T nterval when the
heart rate is 60 per minute or when the cycle length 1s one second Q-T.
15 easily calculated with the aid of 2 slhide rule when the actual Q-T interval
and cycle length are known; for Q-T, (or K)= 9% The Q-T interval is
lengthened by hypocalczmia (fig 3 33) and shortened by digitahs. Pro-
longation of Q-T, provides valuable evidence of active rheumatic carditis
(page 271). There is some evidence that Q-T, 1s also lengthened by cardiac
enlargement from any cause, and shortened by carditac compression as i
pericardial effuston (Van Lingen, 1947)

U wave. Following T, and comeaiding with the super-normal recovery




8o DISEASES OF THE HEART AND CIRCULATION

phase, a small, rounded, positive deflection, the U wave, may be seen, Its
significance 15 not fully understood; but it appears to be exaggerated 1
chest leads taken from the right of the interventricular septum and to be
flattened or even mverted in leads taken from the left of the septum when
there 1s left ventricular hypertrophy, and the opposite when there is right
ventricular hypertrophy It may also be inverted in left ventricular sucface
leads duning an attack of angma pectoris. It is accentuated by digitalis.

THE CARDIAC VECTOR
Maximum potentia) differences within the heart at any given moment
may be represented in magattude and direction by 2 lwe of appropnate
length and spatal direction (drawn from the hypothetical centre of elec-
trical events), which may be called a vector, and its directton a spatial axis
Both magnitude and direction of this vector alter from moment to moment
during the phases of ventricular excitation and recovery, but may be

L.L.

Fig 3 oa~Projection of the frontal plane QRS sector on to the sdes of Emtboren
cquiateral trangle,
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resolved into mean values. If such a vector is projected on to the frontal
plane of the body, its new momentary or mean manifest value may be
calculated by suitable measurements, detailed below, of the electrocardio-
grams obtained from any two of Einthoven's leads: for the frontal plane or
manifest vector may be projected on to the sides of an equilateral triangle,
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 truangle thus
representing the three standard leads. For example, if the hne AB (fig.
3.09) represents the maximum momentary manifest QRS vector, 1¢ af it
represents the projection on to the frontal plane of the body of a line 1n
space representing the magnitude and dircction of maximum potential
differences generated wathin the heart during the period of sentricular
exaitation, then the knes A1-Bi, A2-B2, and .A3-B3, obtained by project-
1ng the Ime AR on to the sides of Einthoven’s equilateral triangle, give the
magnitude and direction of the maximum QRS deflection 1n leads 1, 2 and
3 respectively. Morcover, it can be casily shown that, at any given moment,
the zmplitude of the QRS deflection 1n lead 2 equals the algebraic sum of
that in leads 1 and 3; or the amplitude of the QRS deflection in any one
lead, equals the algcbraic sum of that m the other tvo The same law
applics to aunicular activity and to the recovery phasc, 1e to the P, Ta,
and T waies, and to mean as well as momentary values Coniversely, if the
magnitude end direction of the QRS complex at any gnen moment 1s
known in any two leads, their resultant drawn from the centre of Ein-
thoten’s triangle represents the mamfest (frontal plane) vector of QRS at
that particular momcnt :lnd its direction the manifest electrical axis In
current el lature, the clectrical axs refers to this
resultant frontal plane was as obtamed from the maxmum upright QRS
deflcetion in any two leads, usually R1 and R, of apparently synchronous,
2nd is expressed in terms of its angle with the horizontal, being plus when
rotated clochwise from this base, minus when anti-clockwise As so
expressed, the normal electacal aws lies between o and go degrees, and
has a wider range than the frontal plane anatomucal axis

Triaxial reference system For convenience Eithoven's tnangle may be
suitably represented as a tniaxial reference system (Bayley, 1943) The lines
representing the three sides of the triangle are transposed so that they
intersect at a common pamnt, O (fig 3 10) The horizantal line RL then
represents lead 1, and the lines RF and LF leads 2 and 3 respectively The
customary signs are preserved so that R 1s negatne, F positive, and L
negative or positive as shown in the diagram  1f the vector, OA, is projected
on to these Lines, 1ts value in the standard leads may at once be determined
by the lengths OA1, OAz and OAj3. The converse may be applied with
equal simphity.

By measurmg the net area of QRS in any two leads (instead of momen-
tary synchronous points) by means of a planimeter and suitable magmifica-
tion (or by dividing the amplitude of the wave by half its width), the area

F
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below the base-line being subtracted from that above, the resultant mean
axis of QRS m the frontal plane can be determined in sinular fashion
(Wilson et al., 1934). Measurements may be made in millivolt-seconds,
mucrovolt-seconds, or m suitable units based on voltage X time (Ashman
and Byer, 1g43) Such a resultant, drawn from the centre of Einthoven's
triangle, having both magrutude and direction, 15 called the mean QRS
vector in the frontal plane, of the mamfest mean QRS vector, and s
direction the manfest mean QRS axis. Manifest mean vectors for T and
P may be similarly obtained. Bayley (1943) has suggested that the symbo}

At [
.

&0

LEAD L

R-1-SESRE Liey

Fig 3 10—Basley’s tnavical reference system

A mght well destgnate the axis of such vectors, and the symbol A theif
magnitude: the manifest mean axs of QRS would then be called Agrs,
and its magmtude Aghs.

1f the heart were a simple uniform muscle~block, the algebrase net are2
occupied by QRS and T would be zero, as it s not, the net area of QRST
has a positne or negative vatue, which 1f measured in any two leads may

be resolved into a vector drawn from the centre of Einthoven’s trizagle.
The avis nf thic yantne ae sha wamo fonk cacce ANET * 2Tty Lidhaan

of maximum Jocal vanations in the speed of the processes of excrtation and
recovery, wheteby the heart differs from a umform musele-block

The manifest mean axis of QRS averages about 6o degrees, that of T
about 50 degrees. The ventricular gradient in hearts which are not anatomi-
cally rotated ranges betneen 45 and 65 degrees On the whole, hearts which
are relatively central in position, 1. rotated clockwise (1 iewed from the
front) about their antero-posterior anatomical aws, are also ratated clock-
wise {viewed from the apex) about their longitudinal anatomical axis, and
show clockwise deviation, 1.¢. deviation o the right, of all manifest momen-
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tary and mean electrical axes; but the greatest shift occurs with the ordinary
momentary electrical axis of QRS, and the least with the ventricular
gradient. "T'his also applies to transyerse hearts with anti-clockwise rotation
and deviation of all electrical axes to the left {(Ashman and Byer, 1943)

From what has been said it should be clear that the QRS and T vectors
in the frontal plane of the body alter in magnitude and direction from
moment to moment during the phases of ventricular excttation and recovery
respectively. As one end of such a vector s fixed at the centre of Lin-
thoven's triangle, it follows that the other end must describe a continuous
curve. Mann (1920) showed how such curves could be reconstructed, and
later devised a method of recording them directly (1931) More recently,
Wilson and Johnston (1938), employing the cathode-ray oscillograph,
published typical curves, and called them vectorcardiograms Esen these,
however, are restricted to the behaviour of the vector in the frontal plane
of the body, being so limited by use of the standard hmb leads.

ELECTROCARDIOGRAPHIC ABNORMALITIES

ABNORMALITIES OF THE P WAVE

There are four main varieties of P wave deformty: the tall sharp P wave
of right auricular hypertrophy (fig 3.11a), the conspicuous widened P wave
of left auricular hypertrophy, which may be tfid, rounded, or flat-topped

(a) Right auricular hypertrophy (b) Left auricular hypertrophy
Fig 3 11—Abnormal P waves

(fig 3 11b); the low-voltage widened P wave, which may be also bifid,
rounded, or flat-topped (fig. 3.1xc), and the nverted P wave (fig 3 11d) -

Tall sharp P waves are charactenistic of tricuspid stenosis, chronic pul-
monary heart disease, and congemtal pulmonary stenosis The voltage
ranges between 2 and § mm, and as the wave 1s not widened, 1t becomes
peculiarly sharp, like an arrowhead Simlar P waves are sometimes seen 1n
mutral stenosts, thyrotowcosis, massive pulmonary embolism, asthma,
and pneumonia. They are usually most evident 1 leads 2 and 3
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Conspacuous widened P waves, measuring o.12 second m duration, are

almost diagnostie of nutral stenosts, The voltage usually approsches 2.5
mm , but rarely exceeds 1t Many examples are bifid, but others are blunt

or flat-topped They are usually seen best in leads £, 2 and Vs

By copricey ot D ot 0o
Fig 3 11 (d)—-imerted (nodal)
P waves symilar in shape and wdth, but usually of lower voltage,
~be seen sometimes it advanced cases of hypertensive heart disease o7 of
sortic valve disease 1t is uncertain whether they represent left ausicular
dilatation due to left ventnicular fashure, as origmally suggested by Wood
and Selzer (1939), or mter-atral block {Berconsky and Kloztman, 1945).
Taverted P waves are found 1 lead 1 in coses of dextrocardia, and ol
Jeads in many eases of nodal shythm. Occasionally P s imerted in Jeads
2 and 3 without obvious cause,
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ABNORMALITIES OF THE QRS COMPLEX

Axis deviation. Tt has already been pointed out (page 81) that the
electrical axis of the heart refers to the frontal plane projection of the
maximum momentary spatial vector, and usually lies between o and go
degrees, more or less in the anatomical aus. Anti-clockwise rotation of the

L.L.

Fig. 3 12—Left axis deviation (Finthoven's triangle)

heart about its 2ntero-postenor axis (viewed from the front), or about its
longitudinal axis (viewed from the cardiac apex), causes deviation of the
electrical axis 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 Left or night axis deviation respectisely
also occurs when the left or nght ventnicle 1s disproportionately enlarged.
Moreover, left ventricular enlargement 1s often assoctated with anti-clock-
wise rotation about both anatomical axes, and night ventnicular enlarge-
ment with clockwise rotation
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Reference to  Ein- TR e
thoven’s triangle will ' 1 H
show that if the electrical ’
axis deviates to the left,
and approaches or sur-
passes the horizontal,
lead 1 becomes the avial
lead (fig. 312) R, then
carnes  the mavumum
voltage, R, 35 smaller,
and the QRS
deflection 1n lead 3 is
downwards, i ¢ the main
deflection is § In such
cases 8y 15 really the
electrical counterpart of
R,. Unipolar hmb leads o0 0 ae o due to elesation of the di-
commonly show an elec- pheagm (Q3 St type) N
trically honzontal heart,

Rin VL and S 1n VF being unusually conspicuous,

Left axis deviation occurs m 10 per cent of normal individuals, in any
condition in which the left ventncle 15 disproportionately enlarged, in
cardiac displacement to the left from scoliosis or from intrathoracic causes,
and when the duphragm 18 elevated causing the heart to lie more trans-
versely It may not be possible from exammation of the limb lead QRS
complexes alone to dectde whether aws deviation 1s due to displacement
or to left ventricular prepond e, but this d may often be
made by conssdenng the hehaviour of the RS-T segment and T ware

and especially by noting

the QRS pattern in mul-

uple chest leads (eide
LA nifra)

A particular form of
axis devaation &s seea witk
clevation of the du-
phragm, as from obesity,
pregnancy, flatulence of
ascites, R, is taller than Ry,
S, and Q, are prominent,
and Ty 1s inserted (fig:
3.13). In such eases there
15 no Q wave in lead VF,
and the T wave usually
remains inverted in lead

Frg gr4—Right s deviation (Einthoven’s teangte) V1.

RA
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\When the electrical axis is deviated to the nght, so that it eccupies a
more or less vertical position, lead 3 becomes the axial lead (fig 3.14).
R, then carrjes the maximum 1oltage, R, is smaller, whilst the maximum
deflection in Iead 1 is S, which is the electrical counterpart of Ry, In um-
polar limb leads § is conspicuous in VL and R in VF. Right axis deviation
1 the rule in newly born infants, is common 1n v ery young children, occurs
in 1 per cent of normal children over the age of ¢ight, and is rarely seen ;.

Vg

Fig. 3 ts—Lef (heart b

strictly normal adults, It may be caused by appropriate cardrac displacement
or rotation, and by night sentricular dominance. As with left axis devation,
it may not be possible from inspection of the hmb lead QRS complexes
alone to determine whether the axis shift is due to right ventncular domi-
nance or otherwise; but the behaviour of QRS m multiple chest leads may
clanfy the issue (vide infra}

Left ventricular preponderance. When the left ventricle 1s enlarged, the
accesston wave takes longer to penetrate that chamber and creates more
powerful potential differences Thus R in leads V5 and V6 and S m leads
V1and V2 have a larger amphitude (R 1n V4, 5, 0r 6 > 25 mm., S in Vi >
15 mm.), the intrinsic deflectton 1n left ventnicular surface leads 1s delayed
(longer than o.05 second), and the width of QRS shghtly increased (0.1 to
o 1z second). In addition, the transition zone 1s usually shifted to the left,
the heart being honzontal, and R 1s found to be exceptionally small in leads
V1 and V2. Secondary changes m the T wave occur in advanced cases, the
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R-T segment being depressed and T mverted in leads V5 and V6, and the
S-T segment bemg clevated and T sharply upnght in Jeads Vr and V2
{fig. 3 15).

When the heart is horizontal, which is usual, VL resembles V3, and VF
resembles Vi both i respect of QRS and T The appearances in standard
tead 1 therefore also resemble Vs or V6, and those in lead 3 resemble V1.

Fig 3 16—Left {hears rtacal}

When the heart is more or less vertical, which is Jess common, Jeft ventri~
cular surface patentials are teansmutted mare to the left leg There 15 thes
no axis deviation mn standard leads (Wilson, 1944), but hugh voltage and
perhaps T wave snversion 1n all (fig. 3.16) Concordant left ventrcular
preponderance, as st is called, 1s best seen i concentric left ventricular
hype_:nmphy, such as may oceur 1 zortic stenosts and malignant hyper-
tension.

Right ventricular domnance. When there is gross enlargement of the right
ventricle the potential differences generated by the wall of that chamber
may approch or even surpass those from the left ventricle. Right ventri-
cular surface leads may then truly represent the outward spread of the
accession wase beneath the exploring electrode. R is therefore taller than
wsual in V1 2nd may be the chief ventricular deflection; at the same time
the intrinsic deflection is defayed, and 8 is conspicuous in Vs and V6 (fig
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3 17). Secondary imversion of the T wave with shght depression of the
R-T segment is cotnmon in V1 10 V3 In tesser deprees of nght vemncutar
hypertrophy, insufficient to account for such a pattern, clockwise rotanon
about the longitudinal axis (siencd from below) 1s usually held responsible
for the changes. Thus the occasional appearance of Q in fead V't may be
demed from potentiate at the back of the heart.

As a rule the heart 1 also vertical in position, VL 18 strongly influenced
by negative cavity potentals, and VI by left or nght ventricular surface

Fig 3 17~Reght vemtricular daminance {case of mtral stenosis recersng digitalrs).

potentuals. In other words, QRS is mainly negative in VL. and strongly
positive in VF. Standard leads therefore show right axis dewvianon, and
there may be smyersion of the T wave with depression of the R-T segment
in lead 3, or in leads 2 and 3 When R is dominant in Vi, and 510 Vs,
right avs deviation also occuts when the heart 15 horizontal, for VL then
reflects V3, and VF reflects Vi,

Widening of the QRS complex The accepted maimum normal fimt of
0.1 secand for the duration of the QRS complex is generous. and includes
many instances of abnormal widening due to increased thickness of the
ventricular walls As the accesnon wase causes akmost instantaneous rever-
sal of polanty 1 the tissue 1t excites, the width of QRS depends almost
entirely on the thickness of the ventricufar walls, provided the conducting
system i3 notmal, and atsuming that the speed of the wave 5 constant.
With extremely hypertrophied hearts 1t 1s theoretically possible for QRS
to measure as much 98 ¢ 12 second i duration; but in fact it rarely exceeds
o.1 second. {t is probably wise to regard anything over © 11 second as
ntraventricular block. Tt is found, too, that widening due to ventricular
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hypertrophy 15 usually assoctated with high voltage, whereas in bundle
branch block QRS is commonly notched, splintered, or heavily slurred.
When the heart is grossly dilated, there may be some delay 1n the passage
of the excitatory smpulse down the Purkinje network, causing intraventri-
cular block. Some such mechanism may account for the transient right
“bundle branch block™ that occurs tonally in massive pul
embolism, and for the nght ““bundle branch block" so commanly seen with
atrial septal defect. A Q wave can nearly always be demonstrated in suit-
able left ventricular surface leads when widening of the initial ventricutar
deflectton 1s due to left ventricular hypertrophy, whereas it 1s ordmarily
absent 1n left bundle branch block.
Widening of the QRS complex is alse seen 1 uremua, when 1t 1s due to a
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 accesston wave spreads through 1t from nght to left. The
cavity of the left ventricle therefore becomes initially positive, and this
potential 1s transmited passively to the surface as an R wave in V5 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 polantty, the left ventricular cavity becoming momentarily nega-
trve This negativity 1s agamn transmitted passively to the surface, Vs show-
™ ing a momentary downward deflection followtng the intial R wave. Almost
N ‘immedmtely, however, the excitatory process spreads throughout the endo-

ardium of the left ventricle, and the acgession wave begins to flow out-
wards 1 the usual way The surface of the left ventricle then becomes
actively positive and the true R wave 1s wntten When the surface is acti-
vated the final mtrinsic downward deflection occurs V5 or V6 thus exhibits
alarge widened R wave interrupted by a relatively early notch representing
the arnval 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 right
ventricular accession wave and later by the delayed negativity of the cavity
of the left ventricle which is passnely transmitted through the depolarised
septum and night ventnicle. Thus Vi-V3 exhibit small R waves, early
intninsic deflections and deep wide S waves. The total duration of QRS
commonly measures 0.12 to 0 16 second. As the heart 1s usually horrzontal
the V5-V0 pattern is seen also in VL and lead 1, and the V1 pattern in VF
and lead 3 Should the heart be more or less vertical, however, the V3-V6
pattern 1s transmitted to the left leg, and QRS may be mainly upnight in
all standard leads as n 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 inverted in V5-V6, VL, and standard lead 1.







(2) Assocrated with a vertical heart

(b) Partial, seen clearly only in chest [cads

Tig 3 z0~~TRight bundle branch block
92
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In right bundle branch block the septum is activated entirely from the left
side. The potential of the right ventricular cavity is therefore intially posi-
tive, and is passtely transmitted to the surface where it may be recorded
as the first part of R. When the accession wave reaches the right side of the
septum, the polarity is abruptly rexersed, and a pseudo-intrinsic deflection
is recorded at the surface. Almost at once, howerer, the right ventricular
wallis invaded, and the surface then becomes actively positive. This results
in a second R wave and finally in the true intrinsic deflection. Leads V1
and Vz therefore show a widened notched R wave, or a Jarge M complex.
T is in the opposite direction (fig. 3.19). Over the left sentrcle in leads
Vs and V6 normal QR wave and mtrinste deflection are followed by a
grossly slurred 8 wave representing delayed negatisity of the right ventn-
cular eavity passively transmitted through the depolarised septum and left
ventricle, As a rule V5 and V6 potentials are transmitted to VL and form
the pattern of standard lead 1; the M complex of V1-V2 1s usually seen 1n
VT and in standard lead 3. When the heart 1s vertical, however, V't poten-
tials may be transmitted to VL, and standard Jeads may look ke left
bundle branch block (fig. 3.20a) Muluple chest leads may be necessary,
not only to determme which bundle branch is blocked, but also to detect
the lesion at all in some cases: partial nght bundle branch block, for
instance, is frequently overlooked in standard leads (fig. 3 20b)

ABNORMALITIES OF THE RS-T SEGMENT AND T WWAVE

It is profitable to consider the RS-T segment and T wave together, and
In many cases to consider them also 1n relationship to the QRS complex,
for they are all ventnicular events. The vanous patterns made up by these
three varables in limb and multiple chest leads provide a wealth of mfor-
mation concerning the state of the ventricles i health and disease Second-
ary inversion of the T wave in relation to QRS changes has already been
described

Myocardual infarction. 1t 1s customary to describe two types of electra~
cardtogram assaciated with myocardial infarction, Ty and T types (Parkin-
son and Bedford, 1927), the first denoting antertor, the second posterzor
lesions (Barnes and Whitten, 1929). There 13 no essential difference 1n the
shape of these two patterns, the difference dependmg upon the leads m
which they are found

If an infarct involves the whole thickness of the muscle wall, no accession
wave can flow through it The negative cavity potential produced by out-
ward spread of the accession wave through remote healthy muscle 15 then
passively transmutted through the mfaret to the surface overlying it An
electrode placed aver the infarct therefore registers an initial negative
deflection or Q wave If the mfarct involves only the outer part of the
muscle, the accession wave begins as usual, the surface potential 1s instially
positive, and there can be no pathological Q wave, but when the accessron
wave reaches the mfarct it can advance no farther, so R is reduced in
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amplitude. In antertor left s entricular mfarcts these QRS changes may be
regstered 1n Jeads V3, Vs, Vs and V6, bewg more marked 1n V3-Vq in
antero-septal mfarcts, and in V-V6 in antero-lateral infarcts. They are
commonly transmitted to VL. and are therefore seen well mn standard fead 1
(fig 3.27). Simlar QRS changes oceur 1n posterior mfarcts but are trans-
mutted to VF and thus to standard lead 3 {fig. 3.222). When the heart 1s
sertical, however, typical changes in V3 §rom an anterior infarct may be
transmttted to lead VF and hence to standard leads 2 and 3 (fig. 3.22b)

2 pattial « and elevation
f the RS-T segment (n leads Vi-6, VL a0 standard Iaun‘ba;::d :l.d e

Fig 3 21—Anterior dial inf: showny
o

Partly necrosed muscle sets up a steady current due to the development
of patential differentces between njured and bealthy tissue, Inpured tissue
18 electro-negative, healthy tissue 1s positive, and completely necrosed tissue
electrically mert When the snjured area mvolves the outer portion of the
ventricular wall, the surface (s therefore negatve, the current flowing from
without inwards (Weson et al , 1933) An electrode placed over the infarct
registers this negativity by depressing the base line. “This is shown in the
clectrocardiogram {fig 3 21) by abrupt elevation of the base line when the
current of wjury 15 momentanly sholished by spread of the accession wave
hrough the healthy ussue, for such activation causes the healthy tissue'to
take up 2 negative p fal, and so abolshes the p ial differences set
up by the injury. In other words, 2 recent deep mfarer associated with
superficial injury results n elevation of the RS-T segment. In anterior
infarcts this displacement is seen 1n leads V3-V6, and 1s’commonly trans-
mitted to V1. and hence to standard fead s (g 3 21). In posterior infarcts




Tig 322 (©)—~Posterior myocardsal mnfarction showing pathological Q wases and elesa-

tion of the RS-T segment in lead VF and standard hmb lead 3

i
34

et
b

1
+H

Fig 323 (bj—Anterior mfarction with vertical heart Standard leads show changes that

simulate those of postertor infarction,



N

(b) Posterior

Fig. 3 23—later stages of anterior (a), and pasterior (b), mfarction, showing el @
wases and inuersion of the T wase in appropridte leads.
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it is scen in low wsophageal Jeads, in V7, and is transmitted to VF and
hence to standard lead 3 {fig. 3.22a).

Pathological Q waves may be scen 1n acute cases within a few hours of
the onset, and usually outlast all other evidence of infaretion, often being
permanent. Elevation of the RS-T segment also occurs early, but usually
subsides within two or three weeks The shape of the segment is typical,

Fig 3 24—Antersor myocardaal safarction showmg an R wave which 1s smaller in Vito
V6 than 1 V1.

being straight instead of concave when elevated, and being convex or caye.
shaped (Pardee, 1920) when the RS-T junction approaches or regaing the
iso-potentral level. The T wave stself becomes mverted within a few days
of the onset, often profoundls - =-=-broe s monerest a0
the same time that the RS-T
(fig. 3.23 2 and b) Further
rarely revert to normal

In T, patterns reciprocal effects are usually observed in lead 1,
RS-T segment may be depressed at first, and T may be sharply
later. Again, 1 posterior mfarets early RS-T depression and late,
tuation of the T wave may often be seen 1 lead 1 and in anteri
leads. A helpful sign of old antenor infarction is an R wave |,
which is taller than that in V3-V4 (fig 3 24), especially when th,
ances in V5-Vo are more or less normal. Fnally, 1t is most 4
understand that charactensttc changes may be found in m,

G

ie the
Upright
T accen.
of chest
n Vv,
€ appear.
Mportant 1
uhnplc chest



{b)—Late stage, showing tnversion of the T wave w cll lcads

Tig 325—Percarditis
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leads or in an cesophageal lead when the standard hmb leads are normal,
and that a single chest lead may be normal when others show duagnosue
features. ’

Pericardites. In all types of generalised pericardial disease, except hydro-
pericardium, superficial epicardial imolvement may cause a current of
injuty to flow from the surface towards the undetlying healthy muscle
other words, the surface of the heart develops a nepative potential. The

Fig 3 26—Chronic constrictine pencardntis, showing low voltage and flat T wases

situation, therefore, resembles that 1 myocardial infarction, but the
leston 15 general instead of local Thus, 1n the mitial stages, elevation of
the RS-T segment may he seen sn all chest Jeads, 1n both VL and VF,
and therefore 1n all standard feads (fig. 3 25a). Unhike most records of acute
myocardial infarction, the RS-T segment remains concave As the under-
tying muscle 1s healthy there ate no pathofogical Q waves After a few days
the RS-T segment regains the iso-potential level and the T wave becomes
inverted (g 3 25b). Upward coving of the RS-T segment does not occur
If perscarditss 15 localised the changes described may be confined 1o cor-
respanding leads, but few important forms of pericarditis remain focalised
for Jong. Senal records nearly always reveal what may be called the T,
pattern 1n contrast to the T, or T, types of myocardial infarction Low
voltage QRS complexes usually indicate penscardial effusion.

The electrocardiogram returns to normal as the pencardins recovers In
chronic constrictive pericarditis, flattened or inverted T waves m all leads
are permanent, and are usually associated with low -1 oltage QRS complexes



Tec to o 33 second

‘T segment and shortening of Q.

Fiz 327 ()—The effect of diguahis on the clectrocardiogeam showing saggng of the
S,

‘T segment ot an inverted T wane with

n of the RS.
a straight proxmmal mb; Q-Tc¢ 13 shortened to @ 36 second

\—Showing gross depressiol

Fiz 327 (b)
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{fig. 3 26) Not infrequently the P waves are widened and relatnvely pro-
minent,

Dygitalis T wave pattern. Digitalis depresses the RS-T sepment, and
shortens the Q-T interval. At first, the RS-T junction is depressed and
there is downward coving of the RS-T' segment, T rematming upnght (fig
3-27a). In the second stage sagging is more marked and the peak of T can
no longer be di d. In extréme digital the RS-T segment be-
comes a straight lme, sloping downwards from its depressed ongm to a
blunt peak (fig. 3:27b).

Innormal hearts these effects are seen in allleads, but especially mfead V3
and standard lead V2, When the heart is electrically honzontal they are seen
best n V5, VL, and in standard lead 1; when it 1s electrieally vertical they
are best seen in V3, VF, and in standard lead 3, When the left ventncle s
enlarged and the heart 1s honizontal the changes occur mare markedly 1n
Vs, VL and standard lead 1, and the RS-T segment may be elevated and
upwardly comsex n Vi, VF and standard lead 3 When the right ventricle
1s enlarged they may be most conspicuous sn Vi, VF and standard lead 3,
and the RS-T segment may be elevated and upwardly canvex in Vs, VL
and standard fead 1.

Anovic T waves. Electrocardiograms taken from patients during an
attack of angina pecteris may show transient depression of the RS-T

Ve

igsge
]

Fig 328 (a)~Depression of the RS-T segment duning an attack ol ¥ngina pectons



Fig 327 (A)—The eflect of dimtalss on the electracardiogram shawing sagging of the
S5-T segment and shortening of Q-Tec to o 33 second

; by—Showsng gross depression of the RS-T segment or an saverted T ware with
Fig 327 (b}= straight proximal hmb, Q-Tc 18 shortened 1o 0,96 pesomiy.
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Fig_3 30~Relatinely permanent depression of the RS-T segment in left vemncular
surface leads 1n @ case of angina pectorts duc to occlusive disease of the coronary arteries

Mysadema pattern. Flat or inverted T waves in all feads are character-
tstic of myvedema (fig 3.31) In such cases the voltage of QRS 1s usually
below 6 mulfimetces in the most favourable standard Jead, and there 1s often
bradycardia. Similar apg may be found m chronic constrctive
pericarditis, 1n long-standing cases of severe anmrow. partcularly per-
nictous, and 1n anoxic chronic pulmonary heart disease; but 1n these there
15 commonly tachycardia In severe cases of ischzmic heart disease with

Fig 3 31~Myvadema
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Fig 3 32—Pneunonic cardis There 1s partial heart block with dropped beats and
amversion of the T wave in all leads

repeated myocardial infarction somewhat similar graphs may be encoun-
tered Indeed, when the whole heart 1s wvolved 1 any disease, and when
recurrent heart failure has occurred, the voltage of QRS may be low, and
the T waves flat or shghtly inverted tn all leads, whatever the etiology.

Carditss pattern In any form of carditis, but especially in diphtheria and
feast frequently in acute rheumatism, simple inversion of the T waves may
oceur, and may favour any lead (fig 332) The RS-T segment may be
normal or depressed The voltage of QRS 1s usually normal.

g 3 33—High voltage sharply peaked T waves n uremia associated with a high blood
potsssium ‘The long Q-T mtersal is due fo hypocaleemia. Widening of QRS, due 1
Potassium, 1s well seen an the chest Jeads
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Potassium T waves. In uremia, when the blood potassium is high, un-
usually sharp T waves of high voltage are often seen (fig. 3 33). Stmlar T
waves may be produced in normal subjects by raising the blood potasstum
to about 25 mg. per cent, by giving 10 to 20 G of potassium acetate by

W HOUTS AfTER POTASSIUM

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

mouth.* Ahigh blood potasstum also tends to rectify many formsof ins erted
Mo rEL e e v - 7 Tef e -— ywhich may
. - . QRS 1s also

When the blood potassium 1s unduly low (<12 mg per cent.) the S-T
segment and T' wave may be depressed, and the P-R interval and Q-T¢
prolonged (Perelson and Cosby, 1949).

REFERENCES

Ashmzn, R (1048). “The physiological and physical aspects of the electro-
cardiogram " “The Chest and the Heart”, ed by Myers, ] A, and Mckmlay,
C N;Vol II, p 1421,
and Byer, E. (1943) “The normal human ventricular gradient 1 Factors
which affect 1ts direction and 1ts relation to the mean QRS axis™, Amer IHeart ¥,
25, 16 , (1943) “The normal human ventricular gradient 11 Factors
which affect 1ts mantfest area and its relationship to the marnifest area of the
QRS complex”, Ibud , 25, 36

Barnes, A. R, and Whtten, M B (r9z9). “A study of the R-T mterval in myo-
cardial infarction”, Ibid, 5, 132

Bayley, R H. (1943) "On certain of modern
theory to the of el which indicate myocardial
disease”, Ibid , 26, 769

Bazett, H C (1920) “‘An analysis of the time relations of the electrocardro-
gram"”, Heart, 7, 353

Bell, G H, Knox, ] A C, and Small, A J (1939) “Electrocardiograph
electrolytes”, Brit Heart 7, 1, 229

* This procedure 13 dangerous



100 DISEASES OF THE HEART AND CIRCULATION

Berconshy, 1, and Kloztman, M. (1045). “Sigruficado de ciertas alteractones de
|2 onda P del electrocardiogram P de bayo voltaje”, ancha y bifida, Medicina,, 5,
347

Craib, W H (1930) “The electrocardiogram”, M R C. Special Report Series,
No 147, London.

Curtis, H ], and Cole. K S (1941). “Membrane resting and acfton potentials
of the squid grant axon”, Amer F Phystol , 133, 254.

Einthoven, W (1903) “Die galianometnische Registrirung des menschlichen
elektrokardiogramms, zugleich eme Beurtheilung der Anwendung des Capillar-
elektrometers in der Phystologte”, Pfluger's Arch f d ges Physiol., 99, 472.

Goldberger, E (1932) “A stmple indiffe lect: d hic el le of
rero 1 and a tech of ob unipolar lcads:’.
Amer Heart ¥, 23, 483 —— (1947) “Umipolar lead electrocardiography’,
London

Jenks, ] L, and Graybiel, A (1935) “Electrode Jelly”, Amer. Heart ¥ , 10, 693

Kolider, A, and Muller, H (1856) ‘“Nachwers der negatven Schwankung
des muskelstroms 2m naturlich sich contrahtranden muskel”, Verkand! d. phy.
med Gesell + [Vursburg, 6, 528

Levy, R L, Barach, A L, and Bruenn, H G (1938) “Effects of duced
oxygen want m patsents with cardiac pamn”, Amer Heart ¥, 15, 187,

Lewis, T (1925) “The mechanism and graphic registration of the heart beat”,
London, 3rd ed

Mann, H (1920) “Method of analyzing the electrocardiopram, Arch antern.
Med, 25, 283 — (1031) “Interpretation of bundle-branch block by means o
monocardiogram”, Amer Heart §, 6, 447

Pardee, H E B {1920) "An electrocardiographic sign of coronary artery ob-
struction”’, Arch, intern Med,, 26, 244,
Parkinson, |, and Bedford, D E (1927) “Successive changes in the electro-
after cardiac (coronary b ), Heart, 14, 195.
Perelson, H N, and Cosby, R § (1949) "The electrocardiogram 1 famslial

penodic paratysis”, Amer Heart ¥, 37, 1126
dral Leads mn El d hi

F (1938) A jornt memorandum of a
Commuttee of the Cardiae Society of Gt Britain and Ireland, and the Commuttee
of the Amer Heart Ass, Brit med 7,1 187

Robb, J S, and Rebb, R € (1938) “Abnormal distrsbution of the supcrﬂclal
muscle bundles in the human heart”, Amer Heart ¥, 15, 507

Schlamowatz, [ (1946) “An analysis of the time relattonships within the cardiac
cycle i electrocardioprams of nommal man”, Ibid,, 31, 329
Sharpey-Schafer, E P (1043). “Potassium effects on T-wave mversion 1 myo=
cardual infarction and preponderance of a ventnicle”, Brit Heart 7., 5, 8o
dard, P, dal Suppl Report by the Commtttee

of F eads,
of the Amer Heart Ass (1938) Amer Heart 3, 15, 235

Taran, L M, and Szilagyi, N (1947) “The duration of the electrical systole
{QT) m acute theumatic carditis 10 children”, Aner. Heart ¥ , 33, 14

Van Lingen, B (1947) “El d hic, 1 1, senous pr
arculation time, and exercise tolerance test studies in the diagnoss of heart dis-
ease’’, bemg a thesis submitted for the degree of Doctor of Medrcine of the
University of Witwatersrand, Johannesburg

Waller, A D (1887) ™A on man of cl ive changes
accompansy tng the heart’s beat™, 7 Physol , 8, 229

Wilson, F. N (1930) “The distribution of the potential differences produced
by the heart beat within the body and at its surface”, dmer, Heart § , 5, 599




FLFCTROCARDIOGRAFHY 107

B e

“Flectrnmrdmgmms that
. hd
(1946) "On Einthoven’s

triangle, the Ihenry of unipolar clcctmcnrdmgmphm leads, and the interpretation
of the precordial electrocardiogram™, 1bid,, 32, 2

—— Macleod, A. G ,and Barker, I § (1931} “Thc interpretation of the 1mtial
deﬁrcnons of the \cnmculnr complex of the electrocardiogram”, Ihid , 6, 637
—— (1931): "The T- of the
Ass Am l’Iunnam 46, 29,
——{1933) *The distribution of the currents of action and of njury
dxsph)cd by “heart muscle and other excitable tissues”, Ann Arbor
——, Johnston, F G (1934) “The dctcrmmatmn and the signifi-
cance of the areas of the 1 of the ", Amer
Heart 7 , 10, 46

—, et al. {1944)* “The precordial electrocardiogram®, Jbid ,

Wolferth, C. C, and Wood, F. C (1932) “The clcclmcardmgraphlc diagnosts
of coronary occlusmn by the usc of chest leads”, Amer ¥ med Sa, 183 30

—, —— (1932) “Further absenations upon the usc of chest leads 1n the
:lcclrocnrdmgmph:c study of coronary occlusion”, M Clin North America, 16
161,

—_— 1932). “An study of ex coronary
occlusion the inadequacy of the lhrce conventional leads 1n recording certain
charactertstic changes. an action current™, ¥ chin Imest , 11, 815

—, ~—— (1933): “Expenimental coronary occlusion” . Ardx tntern Med , 51,

771,

Wood, P. H., and Selzer, A (1939) “Chest leads in chincal electrocardiography”,
Brit Heart ¥, 1, 49
3 (1939)° “A new swn of left ventnicular falure”, Ibid | 1, 81




CHAPTER 1V

DISORDERS OF CARDIAC RHYTHM

auricular node of Keith and Flack (1907) situated in the upper part
of the sulcus termmalis, anteror to, and to the right of, the mouth
of the superior vena cava (fig 4 o1). Approumately 70 times per minute
this node discharges stself and initiates an excitation wave which spreads
1n all directions over both auricles Close to the opening of the coronary
sinus, above the base of the tricuspid valve, on the right side of the atrial

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

Sino auncular Node
ewk & Flack, 1907} v

i
'
1
‘

Bundle of HI§
0893

Auriculo-ventricular

o
{Tawara, 1908)
Right Bundle Branch

Ventricul

contractiont
oy '
'
'

sothos
1

Fig 4 o1~Anatomy of the conducting system.

:
Ul
23

Left Bundle Branch,

septum 1s situated the auriculo-ventricular node of Tawara (1906) This
also forms impulses, but at a slower rate, 5o that normally it is 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,
1o penetrate the membraneous interventricular septum, where 1t divides
into left 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 excrtatory pro-
cess to the sub-endocardial myocardium.

Physiclogy of conduction From the “p: ker" in the sino-puriculat
node the excitation wave spreads through auricular muscle at 2 speed of
about 1,000 mm. per second. Passage through the A-V nodal tissue is
believed to be relatively slow, and is estimated at 200 mm, per second.
Spread down the bundle branches and the Purkinje fibres is rapid and is
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probably as fast as 400 mm. per second. Conduction through the ventricles,
which is believed to proceed directly outwards, 1s put at goo mm per
second (Lewis, 1925)

Doth the S-A and A-V nodes are under direct autonomic control, being
stimulated by sympathetic activity and depressed by vagal activity Cardiac
accelerator nerves arise from the lateral horns of the upper 4th or 5th dorsal
segments of the spinal cord, enter the sympathetic chain and pass cranally
to the cervical gangha Post-ganglionic fibres form the superior, middle and
inferior cardiac nerves which terminate in the S-A and A-V nodes

IRREGULARITIES AND ALTERATION OF HEART-RATE
INITIATED OR GOVERNED BY THE SINO-AURICULAR
NODE

SINUS ARRHYTHMIA

There is probably no such thing as an absolutely regular heart Shght
irregularity, the heart quick g with mspiration and slowmng with expira-
tion, 1s normal, and depends upon variations mn vagal tone governed by a
reflex which is thought to be imtiated by receptors in the lungs Another

A A

Fig 4 02—Sinus arthythmia

form of smus arrhythmia occurs independently of respiration Both are
more common in 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 atropine

Other varieties of sinus arrhythmia are not essentially different, but owc
their recogmtion to some particular associated feature thus there 1s 2 form
associated with smo-auricular block, another with smus bradycardra and
paroxysmal auricular fibnllation or flutter; a third with convalescence from
certain infectious fevers, especially mnfl and so on. I d vagal
tone is common to all these types

Duagnosis is usually easy, or doubt 1s soon resolved by means of exercise,
atropine, or amyl nitrite An electr d provides 1 evi-
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 in any
form of heart disease,




110 DISEASES OF THEL HEART AND CIRCULATION

SINUS TACHYCARDIA

The heart rate varies markedly in different mammals. In the elephant,
for example, 1t 13 about 3o beats per minute; in the rat it is close on 6oo. It
1s considerably slower in the hare than i the rabbit. On the whole, the
speed 1s inversely proportional both to the size and to the athletic endurance
of the antmal. In man the average heart rate is 72 beats per minute; but
there are wide himts of normahity ranging between 4o and 100, The pulse
1s faster m children, averaging 120 to 130 at birth, and slowing gradually
during chifdhood to reach about 8o at puberty. The more athletic the
mdrvidual the sfower the pulse as a rule, and in well-tramed athletes
resting figures of 45 to 50 are common Tt follows that tachycarda may
mean a heart rate faster than average, faster than the upper limit of
normality, or faster than what is known to be normal for a particular
mdrvidual

Apphed phystology. Tachycardia has always played an impressive part as

a physical sign 1n general medicine. Tt has recens ed werghty consideration in
fevers, m all forms of heart disease, i shock and hemorrhage, in various
chronic d such as pu y tub losts, and indeed 1n almost
every condttion; yet 1t can mean little unless its immediate cause is under-
stood. This 1s not to decry tachycardsa as a valuable sign, but to emphasise
that 1ts significance depends upon its h

The speed of the sino-aunicular pace-maker 15 strongly snfluenced by the
autonomic nervous system, Complete “paralysis” of the vagus may be
produced within a minute by giving 2 to 3 mg of atropine sulphate intra-
venously, whereupon the heart accelerates to a speed of 130 to 160 per
sminute The cardiac output per minute nses simultancously; but a fall
venous fithng-p: which panies the tachycardia may ct
this effect (McMichael and Sharpey-Schafer, 1944). The ventricular stroke-
volume 1s dimynished, even i those with higher outputs. Emotional tachy-
cardia, as in the anxtety states, and also the tachycardia of convalescence
appear to be due to dimumshed vagal tone.

Tachycardia may be due to a rise in pressure within the great vems and
nght auricle, venous receptors intiating the Bambndge reflex by which
vagal tone 13 reduced Under these circumstances the stroke-volume may
be mamtamed ot wereased, the carduce autpuy per munute Tising i pro-
portton 1o the tachycardra or even mgher This mechanism operates during
effort, and 1n anermia, beni-beri, arteniovenous shunt, anoxic pulmonary
heart discase, generalised active Paget’s disease, and pregnancy. The Bain-
bridge reflex s also responsible for the tachycardn so frequently seen i
congestive farlure. ”

"The speed of the heart 1s also controlled by refleves initiated by receptors
in the aorta and carotid sinuses. When the blood pressu’ "‘f'ﬁ.'\.’lg.’ll tone
is increased, and the heart slows; when it falls, vaga? tor ummished,
and the heart quchens (Marey's Law) This s the mechaniu, ., 5, Pradys
cardia assocrated with conditions causing a transient rise of bl ST e,
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such as acute nephnitis, and 1t 1s part of the mechanism controlling the
tachycardia of low blood-pressure states

Anoxia may cause tachycardia by direct action on the central nucle, or
possibly reflexly through the carotid smus. Just what part it plays in the
production of tachycardia in anmmia and cor pulmonale 1s uncertain
Thyroxin and fever have a direct stimulating action on the pace-maker, and
so has adrenaline; but the latter may also excite the caroud sinus slowing
reflex by raising the blood pressure, so that the heart rate may change but
little. The elevated cardiac output which accompanies the tachycardia 1s
also probably due in part to a direct action on the heart In the case of
adrenaline the cardiac output may nise when there is no change n heart
rate or blood pressure (McMichael and Sharpey-Schafer, 1944)

Differential diagnosis. From the cliical pomt of view, sinus tachycardia
must be distinguished from auricular flutter and from paroxysmal tachy-
cardia. This is usually possible at the bedside Sinus tachycarda varies in

Tz 403—Sinus tachycardia slowed by carotid sinus compression

rate from minute to minute, or at least from hour to hour, and 1t varies
with emation, effort, and change of posture Carotid sinus or eyeball com-
pression and release result in gradual rather than abrupt slowing and
quickening of the pulse respecttvely, although changes may be difficult to
detect with fast rates In auncular flutter (and sometimes in paroxysmal
aurrcular tachycardia) the rate 1s usually fixed, nether varying spon-
taneously nor with emotion, effort, or change of posture; whilst on carotid
smus pressure slowing 1s abrupt, often to half the rate, 2 . 1 physiological
auriculo-ventricular block bemng converted into a 4 1 relationship, and on
release, reversion to the original rhythm 1s again abrupt, and may not take
place for several seconds Even without so precise a clinical analysis, the
degree of slowing may yet be too gross for sinus tachycardia In paroxysmal
nodal and ventricular tachycardia the rate 13 also fixed, and carotid sinus
pressure either stops the attack abruptly, as 1 §o per cent of the nodal
cases, or has no effect whatever If it 1s imposstble to interpret the results
of carotid sinus pressure chinically, the problem may be solved by com-
bining the maneeuvre with an electrocardiogram (fig. 4 03) It should be
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explained that an electrocardiogram per se may not afford certain distinction
between these three rhythms, although lead V, or CRr greatly facilitates
analysis.

Effect on the heart. Swus tachycardia presents an important problem in *
relation to heart failure. Is 1t 2 causal factor or merely a reflection of cardiac
embarrassment? Or is 1t part of a compensatory adjustment, beneficial
under the cireumstances? Such questions are difficult to answer directly;
but the presentation of some of the relevant facts may help to clarify the
issue. A normal heart tolerates any natural degree and duration of sinus
tachycardia, rates approaching 200, for ple, being during
violent exertion, 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 failure
with heart rates of 1350 to 200 in auncular flutter or paroxysmal tachycardia,
the effect being atinibuted to overwork and to fatigue resulting from
sufficient diastolic rest. The tachycardra of the hyperkinetic forms of
cardiovascular disorder (thyrotexicoss, anzmia, anox:c pulmonary heart
disease, beri-bery, arterio-venous aneurysm, and generalised Paget’s disease}
15 part of the physiological h intaining a high cardiac output,
and therefore performs a useful function; but when the heart fails, i.e. when
1t 1s overloaded, the cardiac output falls and the tachyeardia is wasted.
Under such cireumstances tachycardia reflects cardiac embarrassment, and

deprives the heart of duastolic rest. In the hypokinetic forms of heart
failure, such as those s hich may be seen 1n cases of hypertension and mitral
stenoss, tachycardia due to the operation of the Bamnbridge reflex isa
reflection of cardiac distress from the start, and serves no useful purpose.
In chronic constrictive pericarditis, and to a lesser extent in high-pressure
pencardial effusion, tachycardia may provide the only means of maintain-
ing an adequate cardiac output, for the stroke-volume is strictly limited.
In the actine forms of carditts (theumatic, diphtheritic, and Fiedler's), and
1 bacterial endecardins, the heart rate may be disturbed by local pathologs
fever, 12, o (in diphtheria) by crrculatory collapse, and probably
adversely affects the heart On the whole it 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 raised blood pressure, both
of which increase sts work,

There 15 no treatment for sinus tachycardia itself; but attention should
be pard 10 1ts cause

SINUS BRADYCARDIA

As already stated, heart rates of 45 to 50 per minute are common if
athletes. Some ndividuals, 1rrespective of their physical training, have 2
naturatly slow pulse. Simus bradycardia is a feature of certain diseases
notably myxeed obstructive jaundice, and aortic is; and it is not
uncommon during convalescence from certain fevers, especially influenz2-
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Tt also occurs when the blood pressure 1s raised rather suddenly, as in acute
nephritis, the slowing being reflex, through the sino-aortic afferents and
the vagus. It is a familiar sign of lesions that increase the intracranal
pressure, when it may be due to direct stimulation of central nuclet
Slowing of the pulse may be induced temporanly by caroud sinus or
eyeball pressure; as a transient event it occurs naturally 1n vaso-vagal
syncope,

The differential diagnosis between smnus bradycardia, sino-aunicular
block, and heart block, can usually
be made at the bedside; but electro-
cardographic confirmation is ad-
vised. In sinus bradycarda the
pulse quickens gradually with effort,
atropine, or amyl mitnte, in sino-
auricular block and sometimes in
2: 1 heart block, the rate doubles
abruptly, whilst in complete heart
block the degree of acceleration 1s
barely perceptible, Heart block
may also be recognised by study-
ing jugular pulsation (see page
120).

One of the consequences of sinus
bradycardia is an increased ven-
tricular stroke-volume of sufficient
degree to maintamn a normal cardiac
output per mmnute. When the heart
rate is 40, the stroke-volume  Fyg 4 o4—Relative cardiac enlargement
approaches double the average due to sinus bradycardia
normal, the diastohc heart size 15
larger than usual (fig. 4 04), and m time hypertrophy may occur Such
enlargement 1s physiological

When the speed of the pace-maker approaches 40 per mrnute, 1t may
become slow er than the natural speed of impulse-formation m the auriculo-
ventricular node, in which event nodal rhythm occurs As sinus arrhythmia
is often assoctated with bradycardia it 15 more usual to see irregular examples
of ventricular escape, the A-V node taking over whenever a pause 1s un-
usually long (fig. 4 05) Nodal rhythm would supervene more frequently
if the mnfluences which retarded the stnus node did not also depress the
A-V node

Sinus bradycardia 1s often associated with smus arrhythrma, sometimes
with auniculy ectopic beats, and rarely with paroxysmal aurzcular fibnlla-
tion or flutter in elderly subjects Vagal mfluences appear to be responstble.
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Fig 4 05-—Nodal escape in simus bradycardia

SINO-AURICULAR BLOCK

There are three types of sino-auricular block, corresponding to stmilar
varteties of A-V block Frrst, beats may be dropped 1tregularly, the pauses
being roughly equal to two normal intervals (fig. 4 o6), like the dropped
beats of partial A-V block with fixed prolonged P-R mterval Second, beats
may be dropped more or less regularly, the pauses being always less than
two normal mtervals, hike partial A-V block with progressive lengthening
of the P-R interval untif conduction fails - the Wenckebach type. Third,
there may be 2 1 sino-auricular block, every second beat berng dropped;
this gives rise to a slow regular heart rate which doubles on effort or with
atropine (fig 4 07) To understand these phenomena it is necessary to
appreciate the fact that there is no electrocardiographic representation of
the formation and discharge of the excitatory impulse at the sinus node, the
first wave (P) of the electrocardiogram recording the passage of the impulse
through the auricles, so that fallure of conduction between the S-A node
and the auricles can only be inferred

Fig 4 06—Smo-auncular block, showing srregutar dropped beats
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R e I B S B R
Fiz 4 07—Sina-auncular block the rate doubles on eflort

Sina-auricular block is usually encountered in normal individuals, the
first two types being commonly associated with sinus bradycardia Itss a
manifestation of increased vagal tone, and may be abolished with atropine
When there is 2 3 1 block, and 2 pulse rate of about 46 per munute, fluoro-
scopy may reveal cardiac enlargement due to the large strohe-volume
necessary to maintain a normal cardiac output As with sinus bradycardia,

i e

w

Fig 4 o8—Catdiac standstl] oecurnng iponuntously sn sno-surscular tlock

3y courtesy of Dr Raymond Daley
ventricular escape may occur, and would probably be more common f the
A-V node were not also depressed.

There are no symptoms of sine-aunicular block per se; but occastonally
short periods of cardiac standstill, with dizziness or syncope, may occur,
and appear to be due to bursts of extreme vagal actnity (fig 4 08) They
may be preventad by atropine Attacks of this kind may be readily induced
in susceptible indwviduals by carotid sinus pressure (fig 4 og9)

T ,';”li‘ ingialie : - [ -
M’/\—«/\f—«}/\—-—-———————'\ =

Fig ¢ oo—Cardiac standstil) due to carotid sinus compression
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(c}—The Pwave 1s muisible, bemng buried 1n QRS
(leads v and 2, lead 3 shows normal thy thm)

Fig. 4 to—Nodal rhythm.
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NODAL RHYTHM
The sinus node is the pace-maker of the heart only because its inherent
rate of impulse-formation and discharge is quicker than that of any other
focus endowed with a similar capacity; but if it is sufficiently depressed, as
by cooling, some other focus may form its impulses at a faster rate, and so
become the temporary pace-maker, and in fact this function usually falls
upon the auriculo-ventricular node. Under such circumstances auricular
excitation is retrograde, and the electrocardiogram usually shows an -
verted {or deformed) P wave just after the QRS complex, and a heart rate
af 40 to 6o per minute (fig 4.10a) Sometimes, however, the P ware may
precede (fig. 4.10b) or coincide with the QRS complex, or 1t may be absent
altogether owing to retrograde block (fig. 4.10¢) Occastonally, 1t may shift

Fig 4 11—Shifung nodal rhythm

its position from moment to moment (shifting or sliding nodal rhythm;
fig 4.11), but if such graphs are examined critically, some are seen to be
examples of sinus bradycardia with frequent ventricular escape (so-called
wandering or shifung pace-maker), and others reveal progressive lengthen-
ing of the period of retrograde conduction to the aunicles until an auricular
beat is dropped, after which thc P wave reverts to 1ts imtial position, the
cvcle being repeated ind ly (partial grade block).

Nodal rhythm may be discovered by chance in healthy mdividuals; 1t
may occur 1n active rheumatic, diphthentic, and Fiedler’s carditis; it may
be momentarily induced by carotid sinus pressure; and 1t may follow
thrombosis of the nght coronary artery above the origin of the branch to
the stnus node (thuis branch anses from the left coronary artery 1n 40 per
cent. of cases). but 1ts only common cause 1s digitahs therapy

Nodal rhythm 1s under 2utonomic control, the heart rate being slowed
by vagal stimul and ! dby pine and exercise (White, 1915)
It is a harmless rhythm change, gives rise to no symptoms, and requires no
treatment. When due to digitalie, there 1s no need to stop the drug

HEART BLOCK.
When any organic leston or fi 1 disturb 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 mnterval,
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dropped beats, partal block with fived auriculo-ventricular relationship,
and complete heart block

PROLONGED P-R INTERVAL

As discussed on page 78 the upper hmit of the normal P-R interval
should not exceed o 22 second In partial heart block 1t frequently measures
028 to 0 32 second In extreme cases, or when there is associated tachy-
cardta, electrocardtograms may show P coinciding with, or even preceding,
the previous T wave (fig 4.12)

FELMOL AL U L A e

T

Fig 4 12—Prolonged P-R interval, with P comerding with the previous T nate

Prolongation of the P-R interval may be transient or permanent, or it
may develop mto a higher grade of block As a transient phenomenon (when
it may be abolished by the intravenous injection of 2 to 3 mg. of atropme

Iphate), 1t 1s especrally ch istic 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 in conduction may result from an inflam-
matory scar involving the bundle of His, as 1n old rheumatic heart diseasc,
or from 1schzmic fibrosis.

Although partral heart block of this kind 1s essentially an electrocardio-
graphic diagnosts, 1t may be suspected clinically on occasions by noting
delay between the auricular and ventricular components of cervical venous
pulsation, by obseny ing a gap between a presystolic murmur and the first
heart sound in cases with mitral stenosis, or by detecting Cannon waves
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in the neck {p. 122). Its practical importance hies in 1ts vatue as a sign of
active rheumatic carditis,
No special treatment is required

PARTIAL HEART BLOCK WITH DROFPPED BEATS

1n aslightly higher grade of partial heart block, conduction through the
bundle of His fails altogether from trme to ume so that senmtncular beats
are dropped. In the type first recognised by Wenckebach {x8gg) the P-R

e & . g

Al

g e o et

big 4 23~Partial heart block with dropped beats {W crcheback 6 pes

interal shortens considerably after a beat 1s dropped, but subsequently
Tengthens progressively from ¢y ele t ¢y ele untit conduction agan fatls (i
4.13) In another type {i1ay, 1906) the P-R snterval is frxed and beats are
dropptd lrregu!arly and unpredmlably

may be y, but cannot be so dntinguished
from pmml sino-ausicular block, nor from pauses following extremely pre-
mature and therefore inaudible ectoprc beats 1tis commonly transsent and
recorersspont Iy, but Hhy prog; to comple te heart block

PARTIAL HEART BLOCK WITH FIXED A-1" RELATIONSHIP
Relatirely stable forms of partiat heart block may be encountered, usually
with 2 2. 1 aunculo-sentricular relavonshup (Ag 4 14), but occasionally

Fig 4 t4—2-1 heart block
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with 31 or even 4:1 A-V ratios. These usually progress to complete
heart block; they are much less common in active carditis than 1n ischzmic
cases

Chinically, 2 . 1 heart block has to be distinguished from sino-auricular
block, from sinus bradycardia with 2 heart rate of about 40 per minute,
from nodal rhythm, and from complete A-V dissoctation, Failure to quicken
appreciably with effort or atropine excludes sino-auricular block and sinus
bradycardia (and usually nodal rhythm). If 1solated auricular waves can be
detected 1n the vems of the neck, therr regular timing may distinguish 2:1
block from complete A-V dissoctation.

COMPLETE HEART BLOCK

Etology. Complete auricul ricular iation is very rare in
active rheumatic carditts, but less so 1n diphtheritic carditis; 1t may be
induced by digitalis, espectally in cases of auncular fibnllation, and has
been caused by hxmorrhage into the bundle of His from trauma or
asphyxia, and by primary or secondary neoplasm About 10 per cent. of
cases are congenital and may be associated with ventricular septal defect.
As a rule, however, complete heart block 15 associated with ischemic or
hypertensive heart disease, with syphilitic aortitis, or with extensive calct-
fication of the aortic cusps or mutral ring in elderly atherosclerotic subjects,
and 1s due to a fibrotic or caleified leston 1n the bundle of His, or in both
1ts main branches, ‘

Chmcal features A-V dissociation 1s four times more common in males
than 1n 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-
stances may be transient or even paroxysmal (Lawrence and Forbes, 1944)
1t 15 charactenised by an extremely slow heart rate, by a water-hammer or
collapsing pulse, by elevation of the venous pressure, by cervical venous
pulsation unrelated to ventricular contraction, by audible independent
auricular sounds, by the occurrence of Cannon waves m 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 proved electrocardto-
graphically (figs. 4 15a and b).

Wihilst the pulse rate 1s usually about 28 to 36 per minute, based on the
inh rate of impulse-formation of the id tricular pace-maker dis-
1al to the block 1n the bundle of His, 1t may be so slow as to induce a state
of continual faintness (fig 4.15b), as in the case onginally described by
Spens (1793) 1n which it fell to g beats per minute At the other extreme,
complete A-V dissociation may be seen with a ventricular rate of over 100,
the ventricles sometimes beating more rapidly than the auricles (fig 4 10)
On the whole, rates are faster when QRS is normal 1n width, slower when
the QRS resembles left or right bundle branch block (Kay, 1948) Idio-
sentricular pace-makers are Iittle affected by stmuli which influence the
§-A and A-V nodes, so that the pulse rate usually remains remarkably

4.
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Fig 4 16~Complete A-V 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 shythm may accompany fever, as in the case described by Ger-
bezius in 1719 (Major, 1932).

A hagh systolic blood pressure s usual, and is due to the large ventricular
stroke-volume Owing to associated vasodilatation, howeser, the pressure
1s not well mamtained, but tends to fali away rapidly in diastole, giving rise
to a collapsing pulse and to a rather low drastolic blood pressure.

Under favourable cir of cervical venous pulsation
may reveal auncular waves (*a” \\nves) ndependent of ventricular events
(“c¢” and “v"" waves), as noted by Stokes (1846). Simultaneously may be
heard the famt sounds of isolated auricular contractio.ss (the semi-beats of
Stokes), either at the apex beat or down the left border of the sternum

Venous cannon waves occur when the P wave falls between QRS and
T, 1e. when the auricle contracts agmnst a closed tricuspid valve, and are
easily recogmized by their abrupt quality, high amphitude and variabulity
Changing ntensity of the first heart sound 1s equally charactenstic: the
loudest sounds are heard when the P-R interval 1s around o 10 to 0.12
second, auricular contraction then forcing the mautral cusps wide open
just before ventricular systole {Levine, 1948)

Cardiac enlargement 15 usually more conspicuous than that seen 1n sino-
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
propelled with great force Dustolic distension 15 favoured by a com-

pensatory rise in venous pressure, and this must be very considerable
during effort The early development of congestne farlure 1s reathly
understood

Stokes-Adams attacks Syncope due to ventricular zs}stole {Stokes-
Adams attacks) occurs in about §o per cent, of cases, and 1§ especxal]y com-
mon when partial block b plete Loss of ¢ is abrupt,
without warming 1f standing, the patient collapses, and ltes limp, still, pale
and pulseless, with fixed, drlated pupils - as if dead, breathing, however,
continues If the attack Yasts long enough, 1.e for more than 10 seconds or
so, twitchings commence, and may progress to convulsions; and if ven-
tricular asystole continues for more than z or 3 minutes, recoy ery 15 rare.
As a rule, however, ventricular beating 15 resumed after a few seconds,
conscirousness returns abruptly, and a vivid flush ensues. When an attack
occurs 1n 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 fit, and he may only nonce the flush. The sequence
of events, both sy and ively, is so characteristic as to

make the diagnosis pmbab]: on the history alone — 2 pomnt of some impor-
tance in patients with paroxysmal block who may present themselsves with
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normal sinus rhythm In such cases carotid sinus pressuse may provohe an
attack or induce paroxysmal heart block (fig. 4 17).

Physiologically, Stohes-Adams attachs are due to depresston of 2 poten-
tial or established idro-ventricular pace-maker in cases of complete heart
block: the ventricles stand still while the auricles contiue to beat {hey
are apt to ocenr when partial block becomes completc, either because such
an esent is usually assaciated with some depressive influence on conduction
which may also depress ventricular pace-makers (even though conadered
besond vagal control), o hecause idio-yentncular pace-mahers are by
nature initially sluggish. When complete block 1s well established, artacks

Fit 4 19—Stokes-Adams fit srtificully provoked im 4 patient with paroxysmal complete
7t Block

may still occur, but are less common. The abrupt loss of conscrousness
depends upon sudden total fanlure of cardiac output Twitching ss due to
cerebral anovia, and 1s nat seen w short attacks Convulsions are of two
ypes, one bemng an exaggeration of anowc twitching, the other vccurnng
after restoration of ventricular action and synchrontsmg with the flush
(Formjne, 1938). In the second type, convulsions and flushing appear to
be due to carbon diovide depletion in the blood stagnant in the lungs during
the phase of asystole with d resp and 1o il

resulting from 1 of tissue bolites, so that when ventricular
beating 15 resumed, blood rich in oxygen but contamng practically no
carbon dioxide, is throun abruptly into a widely drlated vascular bed. More
often a period of apneea follows the attack, with or withont subsequent
Cheyne-Stokes breathing (Griffith, 1921). Apnasa, of course, may also occur
towards the end of long periods of ventricular asystole, when it is due to

fature of the respiratory centre resulting from profound cerebral anovia
An important comphcation of Stekes-Adams attacks is paroxysmal ven~

tricular tachycardia or fibrillation {Parkinson, Papp and Evans, 1941). In

stich cases 1t may he ible to d ine chinically whether uncon-

P
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scrousness 15 due to asystole or to ventricular fibnllation. It is probable that
many deaths are due to the supervention of such rhythm changes sather
than to asystole

Prognosis. Congenital and transtent cases do relatively well, unless the
disease responsible 1s serious for other reasons. The outlook in paroxysmal
and acquired permanent cases, however, 1s poor, life exp averaging
4} years (Graybiel and White, 1936; Campbell, 1944). Those with a history
of Stokes-Adams fits have a much worse prognests than those without, the
majonity of them dymng suddenly. Those without fits usually die from
congestive heart failure.

Treatment ‘The most effective prophylactic treatment for faintness or
syncope 1s the oral admmistration of ephedrine, 4 gran (32 mg.) tds. If
attacks are frequent and the patient bedridden, adrenalm, 0.5 mg. (8 minims
or 0.5 m! of a 1. 1,000 solutjon) should be mjected subcutaneously, and
repeated every two to six hours, Sublingual nor-adrenaln 15 also helpful.
Both ephedrine and adrenalm prevent undue depression of the ventricular
pace-maker, and encourage the heart to beat a trifle faster. It is sometimes
sard that idio-ventricular rhythm cannot be influenced by any of the drugs
of manceuvres that are known to effect the sinus node This 15 not always
strictly true, but changes are admittedly shght Effort, for example, may
quicken the ventricular rate in 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, Barium
chloride had a vogue, its action depending upon 11s power to excite ven-
tricular ectopic beats and so to prevent ventricular standsull; but this is 8
poor suk for the physiological benefit provided by ephedrine. In
paroxysmal cases, when some functional disturbance must be postulated,
inhalations of amyl nitrite may abort attacks (Lawrence and Forbes, 1944).

A problem anses when repeated seizures ase partly due to parovysmal
ventricular tachycardia or fibrillation, for if 1t 1s uncertain whether uncon-
sciousness is due to asystole or to fibnllation, the admuustration of adrena-
ime becomes hazardous, as the drug ges the fatter shythm-change.
For this reason electrocardiographic analysss 1s advised whenever possible.

Treatment of the primary cardiac conditton may help. This applies
especially to the rare transient cases assocrated with active carditis or
myocardial infarction, and to permanent cases associated with syphilitic
sortitss Very rarely a small gumma may interrupt the conducting pathway,
and the resulung block may be cured with sodides (Major, 1923).

If congestive heart fatlure calls for digrtalis therapy, the drug should nat
be withheld on account of comerdent heart block, but should be adminis-
tered with caution Massive and intravenous doses should be avoided, but
digitalis leaf, 3 grains (0 2 G ) t d s. on the first day, 2 grains (0,13 G.) t.d s
on the second, and 1 grain (65 mg.) tds. thereafter, until an adequate
effect is 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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BUNDLE BRANCH BLOCK

Although bundle branch block is 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 two main branches of the
bundle of His. As may be seen from figure 4 o1, the man 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 Ieft branch may sub-
divide into anterior and posterior divisions 1 the Jower half of the septum
(Mahaim, 1931). The A-V node, bundle of His, and posterior diviston of

the lafr hundla heanah wanals o shnes Kland cunahe feam aarfarating conta]

supplied by perforating septal branches of the left anterior descending
corenary artery (Gross, 1921). Considerable vartations occur, howeser,
especially as vital reactions to ischzma

Nomenclature, When the left bundle branch 1s interrupted, the excitatory
process reaches the right ventricle first, through the relatively normal nght
bundle branch, and spreads throughout that chamber before passing across
to the left. The right ventnicle therefore contracts first The electrocardio-
gram, described and illustrated fully 1in Chapter 111, shows a wide QRS
complex, measuring from 0.1t to 0.18 second, the matn deflection of which
is usually upright 1n lead 1 and downward 1n lead 3, with marked slurrmg
of notching, and followed by a conspil T wave, usually n the opposite
direction, Right bundle branch block (Wilson et al, 1934) 1s characterised
by widening of the mitial ventricular deflection to 0,11 to o.14 second, by
late slurring of QRS ~ usually best scen in S; — and by an upright T wave
in lead 1 (page 93). That the first type of graph descnibed represents left
bundle branch block has been proved by the reconstructed vectorcardio-
grams (monocardiograms) of Mann (1931), by the electrocardiographie-
discoveries of Wilson and his colleagues (1932), by hymographic and poly-
graphic studies revealing delayed left ventricular events (Wolferth and
Margolies, 1935), by expeniments on revived human hearts m normal
position in which one or other bundle branch has been cut (Kountz, 1936),
and by simul electrocardiographic, ph d and poly-
graphic records demonstrating and analysing ventricular asynchronism
{Braun-Menendez and Solars, 1939) The detailed histological work of
Mahaim (1931), which at first appeared to support the ongmal view m
which the nomenclature for left and right bundle branch block was re-
versed, has been ably reviewed by Yater (1938), who presented extensive
histopathological evidence of his own, and concluded that the bilateral
lesions invariably demonstrable rendered reltable interpretation difficult,
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Bt thas ~m o

the wnun vanch block is com-
mo -ves auaesions mvolving the feft side of the heart; whereas right
bundie branch block 15 usnally associated with enlargement of the right
ventricle This general principle was recogmsed by Tung and Cheer (1933)
and by Bayley (1934)

Enology Left bundte branch block 1s usually due to hypertensive heart
disease, 1schemuc heart disease, or aortic valve disease; nght bundle branch
block to mutral stenosis, atnal septal defect, or massive pulmonary em-
bohsm Either form may oceur in active rheumatic, diphtheritic or other

Fig 4 t8—Atternating left bundie branch block

form of carditis, in any disease affecting the heart as a whole, such as thyro-
toxicosts and fibrosis of the myocardium of known or unknown etiology;
and as a result of any local lesien such as neoplasm Partial forms are
common and tend to progress, on the other hand, bath left and nght
bundle branch block may be transient, paroxysmal, or even alternating
(fig 4 18), sometimes 1n assocratwn with parexysmal tachycardia, auri-
cular flutter, or fibnilation; sometimes during an episode such as acute
myocardial infarction, congestive heart farlure, or masstve pulmonary em-
bolism, but also spontancously Right bundle branch block 1s sometimes
found in otherwise healthy individuals, even n )nuth

Chntcal /ealum Chincally, left bintte b-m- H
by == 7
bra - - cauusvund in many cases,
hov .., s sutlt clue 15 atforded, and 1ts existence 15 only discovered
electrocardiographically When the heart 1s enlarged and 1t 1s uncertan
which chamber 1s mainly mohed, the presence of left or nght bundle
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branch block powmts strongh to the homolateral sentnicle Left bundle
branch bloch provides consincing proof of serious heast disease, but nght
bundle branch block must be interpreted mare cauttousty  Netther form
15 mf} § by digitalis, pine, or by any of the adrenerge or cholin-
ergic drugs.

Prognosis. The aserage hife expeetancy for cases of bundie branch bloch
in general has been estimated at 3 years {Campbell, 1944), but it shouid be
clealy understood that in any given patient the prognosss 1s that of the
undetlying heart discase, and is not mfluenced by the conduction defect
Again, if right bundle branch block 15 found m an etherwise normal
individual, the outlook docs not differ from normat controls (Woad, Jeffers
and Wolferth, 1g35).

ECTOPIC BEATS
Ectopic beats are premature systoles induced by the discharge of some
ectopic impulse-forming focus situated anywhere 1n avncular, nodal, or

Frz 4 19~—Aunicular ectopre heats

ventricelar tissue, They are necessanly premature because all potential
impulse-fcrmmg foct are othenwise discharged by the exutauon which
reaches them from the sinus node

Physiology In the auncular type (fig 4 19) the P wave 13 abnormal n
shape or direction according to the site of the ectopic focus and to the
direction e which the 1mpulse flows over the auncles. In these cases, the
partially charged sinus node 1s discharged when the impulse reaches tt, so
that the compensatory pause falloning the ectopic beat 13 shght, being equal
to 2 normal eycle plus the mterual between the anset of the ectopic and the
arnval of the retrograde excitatory process at the S-A node The timing of
the heart beat 18 permanently altered The ventricular complex ss usually
normal, but may be shghtly deformed as a result of a functional defect 1n
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Fig ¢ 20—~Nadal ectopic heats Slight defarrnuty of QRS 1s due to fatigue block Inlead 1
the P wave rnmaediately aftex the ectoprc 1s blocked In lead 2 the nodal ectopic ts wter-
potated In both there 15 retrograde black

conduction If an aurcular ectopic beat is very premature it may be blocked
altogether

Nodal ectopic beats {fig 4 20) are premature beats arising in any part of
the aunculo-ventricular junctional tissue. The QRS complex 1s normal or
shightly deformed as described above, but the P wase 1s mverted, and occurs
just before, dunag, or just after the QRS complex, according to the more
praxumal or mare distal site of the ectopie focus, and to the degree of
resistance opposed to retrograde conduction. Dischatge of the sinus node
(unless there 15 retragrade block) agam prevents a full compensatory pause-

Vs

Frgr 4 2x—~Rught v entncular ectopie beats
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Ventricular ectopic beats are charactertsed by a full compensatory pause,
for the sinus node is not discharged by the premature tmpulse, owny to
retrograde block (physielogical) in the bundle of His, or to naturaj defay in

grade conduction, and so i 10 fi at its usual ome Its
first discharge after the ectapic, howerer, 13 blocked by the refractony state
of the 1entnicles, and so there is a pause untit 1 second discharge Fhe
finaf timing of the heact beat therefore remamns unchanged Electracardio-
graphically, a ventricular ectopic beat resembles a bundle branch block

Fig 4 22—Lafs veranoular tetopic beats caasing coupling

complex, QRS being widened and notched, and T being promnent and
usually i the opposite di When the defl 18 like left bundle
branch block, the ectopic focus fes 1n the night sentnele {fig 4 21), when
QRS 13 like right bundle branch block, the ectepic focus hes in the left
ventricle (fig 4.22) Therse are many vartations, howeves, depending upon
the exact site of the writable focus (Basker ef ol , 1930, Kouniz, 1936)

Premature beats have a smatler stroke-volusie than normal, and if very
P may not be pereeptible at the wist, or audible with a stetho-
scope The beat which follows s fuller than usual, and 1s appreciated by
the patient as 1 hard thump Thes 15 2 matter of cardizc fithing the earhér
the ectopsc beat, the Emptser the heart, the longer the compensatory pause,
the fuller the heart, The blood pressure varies directly with the amplitude
of the pulse,

Clinical diagraosis Clinscally, ectopic beats must be distingumished fram
ather irregularities, it from far fibnll and froms partial
heart block with dropped beats Whlst this may be easy 1 the majonty of
cases, confusion arses with multiple aurtcular ectopse beats which may be
wdistinguishable from auricalar fbnliation, and with inaudible imper-

%
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ceptible or blocked ectopic beats which mimic partial heart block with
dropped beats. Alternate ectopic beats or coupled beats may be confused
with S-A block when very premature, with a dicratic or bisfesiens pulse, or
even with pulsus alternans. If there 1s any doubt, the effect of effort, amyl
mitrite, or of 1 mg of atropine sulphate should be determuned: ectopic beats
usually disappear as the heart quickens, and may be exaggerated as it slows
dows agamn.

Etiology. Expermentally, ectopic beats may be produced by electrical
stsmulation of any part of the heart. Certain drugs, notably digitahs, barum
chlonide, and adrenaline, may produce them Excessive use of tobacte
oc iy seems r ble. They are common 1n pregnancy. Whilst
atmost any state of ill-health may be blamed for their occurrence, no com-
mon factor has been discovered, and tn the majority of cases there 15 1o
evidence of structural disease of the cardiovascular or other systems.
Oceasionally, however, auricular ectopic beats may hesald auricular fibrilfa-
tion, especially in mutral stenosts and thyratoxicosis, Under certain circumn-
stances, also, ectopic beats are probably due to organic disease. for example,
thetr occurrence during the course of diphthersa may be due to toxie
carditis, but as mnocent ectopic beats are common enough after simple
streptococeal tonsitius, and indeed during convalescence from any fever,
1S ible to draw any 1 from ther presence. Again, ectopic
beats g coronary thrombosis are probably fi and to be
explamed by writable foci set np by ischemia, but as they are equally
common in condtions which may ssmulate myocardial sfarctson, € g. gall-
bladder disease, daphragmatic herma, upper abdomual catastrophies,
acute anxiety states and the like, they are of no diagnostic value. On the
whole, therefore, 1t 1s wise to assume the mnocence of ectopic beats under
any conditions, and to judge organic disease on other grounds.

Treatment, Many patients are unaware of premature systoles; others may
seck relsef from palf T fudes fresh air, exercise, and 4
healthy physiological life. Of drugs, potassium bromude 1o grans (0.65 G}
tds, phenobarbitone § grain (32 mg Yt d 5., or qumdine 5 grawms (0.32 G.
tds may prove effective. Alternate ectopic beats {coupling) due to digitalis
provide good g ds for stopping the drug or reducing its dose P m
salts are efficient (Sampson and Anderson, 1932, Castleden, 1g41), but the
large dose usually required is not without danger of sudden death, and may

provoke symy as as the palpi chiefly nausea and

ol

vormitng, the chlonde or acetate 1s employed ;zs 2 10 to 20 per cent aquEous
solution, and may be given by mouth in doses of 2 to 6 G., three or four
times a day. Larger doses are not advised, and when the maximum recom-
mended 15 being administered, the patient should be confined to bed,
especially sf there s underlying organic heart disease. Reassurance is impor-
tant, and should be unconditional and comvncing, for 1t should be remem-
besed that ectopic beats rarely constitute a complaint except in these prone
to morbrd anxiety.
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EXTRASYSTOLES
The term “extrasystole™ should be reserved for mnterpolated ectopic
beats (fig. 4.23). 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 ventncular, but may be nodal
"(fig- 4 20)

Fig 4 23—Interpolated ventricular ectopic beats

PAROXYSMAL TACHYCARDIA

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

The patient usually complains of attacks of palp h d by
the abruptness of their beginming and end, by the rapidity and regularity
of the beats, and by the relative v ell-bemng of the patient (Cotton, 1867).
Until an attack is witnessed, the diagnosis rests upon an accurate history
Experience shows that most careful cross-examination is required to
establish the true sequence of events It is not enough to determme that
the onset is sudden, it 1s necessary to be sure it 1s abrupt, that the full
velocity of the attack is reached mmmediately in the space of one beat, that
from no h A palp develops within one
second T'o assess the rate and rhythm it is 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 sinus tachycardia without appreciating the change, and
therr description of the end refers to the gradual slowing down of the smus
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 in go per cent. of cases,
and between 150 and 200 1n 50 per cent, (Campbell, 1947). Occasionally,
however, much faster rates have been recorded For instance, 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 anxsety; but 1f the attack is
unduly prolonged, or the heart rate excepttonally rapid, congestive fatlure
or angina pectorts may occur, If the heart is abnormal, however, as it is in
80 per cent of the ventricular variety, the rapid development of congestive
heart failure 1s common With very rapid rates syncope is said to occur,
and, 1n 1schzmic heart disease, status angnosus. Phystologically, the effects
depend upon the functional capacity of the heart to increase its output with
tachycardsa, and on its ability to stand up to the extra work 1mposed with
minimal rest. At any given moment there must be a critical rate above which
the cardiac output falls

SUPRAVENTRICULAR PAROXYSMS

As just 1ndtcated, both paroxysmal auricular and nodal tachycardia are
most commonly encountered 1 healthy individuals, and have little more
sigmificance than ectopic beats or spontancous fluttering of somatic muscle
They are fifteen times more common than ventricular paroxysms, When
attacks occur 1n patrents with heart disease, the prognos:s 1s not o good,
and depends upon the nature and severity of the cardiac lesion, and the
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Fig 4 24—F ! auricular tach d by means of mechol

speed and duration of the paroxysm. Even so, the mortality rate 15 only
about 1 per cent.

A climcal diagnosts may be accepted 1f the spontaneous of induced
beginning or end of an attach 1s proved to be abrupt; if the heart rate during
a paroxysm exceeds 150 per minute and does not vary with effort, change
of posture, atropine, amyl nitnte, carotid sinus (or eyeball) pressure, pro-
stigmine, or mecholin; if any such measure terminates the paroxysm; if the
duration of attacks 1s 2 matter of hours rather than one of minutes, days of
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weeks: of the patient is relatively younp, i ¢ under 40 years of age, or wis
so when he had his first atcack; if paroxysms have continued wath variable
frequency for more than five years; and sf there 1s no evidence of orgamc
hieart disease o7 thy rotoxicons Electfocardograpine proof, how ever, which
may requite a record of the beminnsng or end of an attack, should be
obtained whenever possible. Although only a rare chance will enable the
onset to be registered, the end may be recarded in over half the cases by
means of a continuous tracing while the attack 15 terminated by carotd
sinus pressure or mecholin (fig. 4.24). If the attack 1s not termnated, such

Fig 4 25—Paroyemal auctculer tachyeardsa blacked by caratid swus compression

measures may yet serve ta ifferentiate paroxysmal tachycardia from smus
tachycardia and from auncular flutter, for w paroxysmal tachycardia the
heart rate is rarely altered, whereas 1 sinus tachyeardia st 3s stowed, and m
auricular flutter it 5s oftent abruptly halved Oceasionally, however, carotid
smus pressure may block parovysmal auncular tachycardaa {fig 4 25).
Erans (1944) first presented evidence, based on lead CRy, suggesting
that many eases which would ordinanly be mterpreted as 2 1 auncular
flutter might really be cxamples of 7 } quncular tachyeardsa with
2: 1 A-V block, and that these two conditions were essentially the same
Certainly, puroxysmal auneular tachycardia may show varying degrees of
A-V block (figs 4235 and 4 26a and b), and the auncslar waves may be
stowed by means of quinidine {figs 4 272 and b) 1 the same way as Rutter,
there 1% also no doubt that the same patient may show all vanseties of
auncular shythm, suggesung that they 2}l depend upon a ssmudar rmechan-
ism, and that the occurrence of aurteular ectopies before or after 3 major
attack (fig 4.28) offers an obvious clue as to therr essentsal nature Indeed,
Prinzmetal {1930} has now provided convincng evidence not only of the
umaty of paroxyemal suncular tachycarda and fluster, but also of auncular
ectopic beats and aunicular fibnllation, all four disturbances of thythm
depending upon the ¢ and beh of an ectopic wrgtable focus
Nevertheless, the chmcal diffe between parovysmal tack cha and
flutter {not to mention auncular fibrllaton and ectopsc beats) are con-
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Fig 427 (a), (b)—Two cases of paroxysmal aunicular tachycardia slowed by means of
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siderable (Campbell, 1945) and their separate identities should be pre-
served. Similarly, there can be no thought of not maintaming the separate
1dentities of ventricular ectopics, ventricular tachycardia, and ventricular
fibniiation, yet all three must depend on 2 similar physiological mechanism.

PAROXYSMAL NODAL TACHYCARDIA

Nodal paroxysms may be difficult to distmgwsh from auricular tachy-
cardia when the rate 15 fast, unless the beginnng of an attack can be
recorded (fig 4 20a) At slower rates the ¢lectrocardiogram resembles fast
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Fig 429 (a)~Faroxvsmal nodaf tachvcardia beginmng with a nodal ectopic beat.

Fig 429 (b) Abnormal nodal type of shythm with a rate of 9o beats per mnute, The
pacemaher 13 enther i the A-V node or in adyacent auncular tissue, such as the mouth
of the coronary ainus,

nodal rhythm Should an inverted P wave precede QRS, hawever, it may
be impossible to determine whether the ectopic focus 1s 1n the A~V node
or in adjacent auricular tizsue, as in the slower form known as coronary
sinus thythm (fig. 4 29b).
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Nodal tachycardsa is Iy and responds particularly well
to carotid sinus pressure and to chollnerglc drugs.

VENTRICULAR PAROXYSMS
Paroxysmal ventricular tachy cardua is relatively rare, 1s usually assocrated
with organic heart disease in patients between the ages of 40 and 70, and 13

Fig 4 31—3oncular flutter with Jeft bundle branch black

twice as common 1n men as 1n women It tends to arise 1n a badly damaged
heart, as 1n heart failure from hypertension or from aortic valve disease; it
may follow myocardial inf; or succeed a Stokes-Adams fit,

ally it is due to digitalis, 1n about 20 per cent of cases 1t 1s innocent
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1t has the same clinical features as the supraventricular variety, apart
from the circumstances in which it occurs and its lack of response to carotid
sinus pressure and to the cholinergic drugs; moreover, it is more frequently
followed by congestive heart fasture, and sometimes by ventricular fibrilla-
tion and sudden death. The prognosis is correspondingly grave,

Proof of the nature of the attack s ob d by electrocardiography (fig.
4 30); but difficulty may arise when supraventnieular paroxysms or auricu-
Tar flutter are complhicated by previously established or functional bundie
branch block {fig 4 31).

TREATMENT

Supraventricular paroxysms may be ter d by some
trick already knawn to the patient, such as holding the breath; by carotid
smus or eyeball pressure tn about 50 per cent of cases; and by the cholinergic
drugs in 75 per cent. Devices discovered by the patient include theadoption
of some particular posture, drinking cold water, forced breathmg or breath-
holding, camp of the abd and self-mduced v

The caratid sinus is located at the bifurcation of the common carotid
artery at the level of the superior border of the thyroid cartilage. It should
be firmly compressed for several seconds agamst the bodies of the cervical’
vestebrze by means of the observer’s thumb, first on one side, then on the
other, but never together. Fufareral eyeball compression is also carsied out -~
wth the thumbs, should be sufficiently forceful to cause pain, and should
be mantained for 3 to 5 seconds.

Of the cholinergic drugs, holin (acetyl-bet hylcholine) is the
most successful, and prostig! the least ) m the doses em~
ployed, doryl (carho-amino~acetytcholine) 1s less effective, and acetyl-
choline stself too drastic, besides beng techcally difficuit owing to its
rapid destruction in the bloodstream. Mecholin should be given intra-
muscularly or subcutaneously mn a dose of 10 to 20 mg,, and may be
expected to wark m about five mi ine may be ad
intravenously or intramuscularly m 2 doseof 1 t0 2 mg., and has its mai-
mum effect 1n about half an hour. Side-effects include urgent micturition
and defecation, colic, vomating, sweating, Slushing and faintness; but these
are absent or shight with 1 to 1 5 mg. of prostigmine, and rarely severe with
10 mg, of mecholin. Should they prove too unpleasant and the object of the
drug has not been achieved, they may be abafished at once by injecting
1 to 2 mg. of atropme sulph ly; but this is obviously not
advised unless absolutely necessary,

Should the cholmergie drugs f:ul to restore narmat rhythm, quinidine

or even digitalis may be ful In cases of auricular tachy-
cardia, digrtalis may be used to mamtan 22 1 or a greater degree of A-V
block, in order to protect the sentricles. Bromide and phenobarbitone help
to allay anxiety; and congestive heart failure, if it occurs, should be treated
by the usual methods.

barieal




DISORDIRS OF CARDIAC RHYTHM 139

Ventnicular paroxysms do not respond to the above measures, but may
often be terminated by injecting 20 ml. of a 20 per cent solution of mag-
nesium sulphate intravenously (Szekely, 1946), or by quimdine, § gramns
(0.32 G.), intravenously or in oral doses of § grains {0 32 G ) two-hourly to
a maximum of 40 grains (2.6 G }in one day, followed by 10 grains (0 65 G )
two-hourly for four doses on the second day if the first attempt fails, and
then by 15 grains (x G.) two-hourly for three doses on the thied day, if
necessary. Intravenous procaine in doses of 5 to 10 ml of a 1 to 2 per
cent solution may also be tned.

To prevent both types of anack quinidine, 310 5 grams (¢2t0032G)
td.s., may be itely, if well

PAROXYSMAL TACHYCARDIA ASSOCIATED WITH
PRE-EXCITATION
The condition first described as physiolegical bundle branch black with
short P-R interval (Wolff, Parkinson and Whate, 1930) 1s probably due to
premature excitation of one or other ventricle, usually the nght, resulting
from an anomalous connexion between the A-V node or right aunicle and
_sthe right ventnicle (Holzman and Scherf, 1932). Electrocardrography shows

Fig 4 32 (B—Alternating pre-exeitation
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widening of the QRS complex, as in bundle branch block, but at the
expense of the P-R interval which is shortened proportionally, the P-S
nterval, as measured from the beginning of P to the end of the QRS com-
plex, remaining 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 (\Wood, Wolferth and Geckeler, 1943, Kent,
1914), or through abnormal conducting fibres arising from the upper part
of the bundle of His (Wolferth and Wood, 1933), such as those described
by Mahaim (1931). The passage of the excitatory impulse down such an
alternative pathway might well account for premature nght ventricutar
stimulation Experimental short circuits of the kind envisaged were devised
by Butterworth and Poindexter (1942), the classical appearances of the
‘Wolff-Parkinson-White syndrome resulted.

‘The condition is congenital, occurs in 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
is encouraged by atropine, abnormal conduction by cholmergte actvty
(Duthie, 1946). The heart is otherwise normal in at least 70 per cent of
cases, and heart disease when present is probably coincidental Pre-excrta-
tionis chinically and academically important on account of its assoctatton with
paroxysmal tachycardia, and 1s easily overlooked because casual electro-
cardiograms may be normal Paroxysmal tachycardia occurs tn 50 to 6o
per cent of cases (Willus and Carryer, 1946), and is often closely related to
effort Electrocardiograms obtatned during attachs suggest that their mech-
anism may depend upon a ctreus movement, the impulse travelling down
the bundle of His and back through the short circuit {fig 4 33a), or down
the short circuit and back through the bundle of His {fig 4 33b), the
former being more common Both types of paroxysm may occur in the
same patient, as in the illustrations In this particular case the second type
of paroxysm was provoked by mecholn, and before normal rhythm was
resumed there was a period of transition in which abnormal P waves
appeared immediately after certam QRS compleves (fig 4 33¢), causing 2
single premature ventricular beat, and suggesting circus movement due to
retrograde conduction through the bundle of Kent or sumilar structure,
inttial exertation having passed through the bundle of His Swmular P waves
may be seen i the upper half of figure 4 33b, but these fail to excite the
ventricles O lly, attacks bl lar flutter or fibrillation,
and the ventricular rate may be exceptionally fast A case described by

Littmann and Tarnower (1646) had an irregular ventricular rate of 340 per
minute

AURICULAR FLUTTER
Phystology, Auncular flutter n man was so named by Jolly and Rutchie
(1910) after ot the first el d records of the con-
ditton, and was attributed to a circus movement by Lewss (1918-20) The
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excitatory unpulse was beheved 1o travel round a ring of auricular tissue,
such as the mouths of the venw cava, as proved possible by the physio-
togical researches of Mines (1913). Rosenblueth and Ramos (1947) appar-
ently confirm Lewis’ views. Using a high-speed cinematograph technique,
however, Prinzmetal {1g50) has disproved this thesis, and has shown that
auricular flutter and fibriflation, fike auricular ectoptc beats and paroxysmal
auricular tachycardia, depend upon the presence and behaviour of an
intable focus in aurcular muscle. The speed of the auricular beats

ranges between 260 and 340 per mnute, and ats rhythm is regular, As the
A-V node can rarely transmt impulses faster than 210 to 220 per minute,

physiological heart block results, the ventricles usually responding to every
<econd smpulse. If the auricular vate ss slower, however, and approaches

200 per mmute, as 1t may under the mfluence of quinidine, the ventricles

may be able to keep pace (Lewss, 1925) If vagal tone is increased, as by

caroud smus pressure, a greater degree of physiological block results, and

an A-V ratio of 4 * 1 or so may be established. Sometimes the ventricular

response 1s wrregular

Climcal features, madence, and etiology. Clinically, flutter 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 indicanions of heart disease or rot. The first heart sound
often varies m intensity accordmg to the time relationshup between auricular
and ventricudar contractions (Harvey and Levine, 1948).

Flutter 1s a relatively uncommon but capnicions rhythm, and may oceut
when least expected It is twice as common in men as m women, and s
neidence mereases with age, being rare under 30, and most frequent (88
per cent) between the ages of 40 and 70 It is very rare in otherwise normal
mdwiduals, it may compl: such diverse condi as menj preu-
monia, cholecystitis, or carcinoma of the colon. In go per cent of cases,
however, 1t 15 associated with organic heart disease, especiatly rheumnatic,
hypertensive, 1schemic or pulmonary, and may then precipitate or com-
plicate cangestise heart fadure. According to Campbell (1947), angina
pectons develops in 25 per cent of p . Attacks are Iy
transient, and have the same abrupt onset as paroxysmal tachycardia; but
they tend to last longer, being measured in weeks rather thon hours, and
may occastonally persist far years Lewis (1937) deserbed a case in a parson
which had continued for 24 years.

Diagnosis 1s facshitated by carotid sinus pressure, which often causes
abrupt temparary sloning of the ventncular rate, as described previously,
whereas in stnus tachycardia stowing is ty slight, and in patoxysmat
tachycardia 1t 15 usually absent unless the attack is terminated Electro-
cardiography is advised in all suspected cases, however, and reveals 2 con-
tinuous serics of rapid regular auricular “8" waves {fig, 4.34a) without
intervening iso-potental periods. When there is 2 : 1 black, one “f” wave
is more or Jess obscured by the QRS comples, so that the nature of the




Fig 4 35 (a}—Auricular flutter with 4-1 A-V block

Fig 4 34 (9—Auncular flutter clanfied by means of carotid sinus compresston
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tachycardia may remain uncertawn {fig. 4 34b). Carotid stnus pressure aids
analysis by increasing the degree of block and so unmasking such hidden
“£" waves (fig. 4-34¢).

Treatment. The patient shouid be put to bed and treated with adequate
doses of digialis, beginning with g grans (0 6 G.) of the powdered leaf,
followed by 6 grains (0 4 G.), and then by 3 gramns (0 2 G.), at six-hourly
intervals, and conumnng with 2 grans (0 13 G ) t.d s., until serial electro-
cardiograms show that auncular fibnilation has been established. The drug
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Fig 4 3s—~Aurcular flutter weated with digitalis Aurscular fibrillation 15 mduced first
on withholdiny the drug normal thyzhm 1s resumed

1s then withheld 1n the hope that normal rhythm may be resumed spon-

ly (fig. 4.35). Electrocard. phic control is necessary because the
slow wrregular ventricular response which results from such doses of digi
tahs 15 no proof of auncular fibnll under the Adequate
superussion is important owing to the heavy dose of digitalis vsually
required to induce fibnllation; and 1f toxic symptoms appear dangerous
before this result 1s achieved, the attempt may have to be abandoned. The
effect of digatalis s twofold, as already indicated- 1t encourages the irritable
focus to assume the properties associated with auricular fibsillation; and
by depressing conduction in the bundle of His, it slows the ventricular
rate. It was hitherto beheved that normal rhythm was resumed when the
cireus movement was broken by the head of the wave meeting a refractory
tail (Lewis, 1923); for circus movement could not occur unless there was
a gap of responsive tissue just ahead of the wave. Digitalis, either during
its administration or when it was suspended, was thought to close the £ap
by hasing an unequal and favourable effect on conduction and on the
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refractory period. Obviously, W conduction were quichened and the
refractory period prolonged in auricular ussue, the hypotheticad gap would
close. Naturally, no drug has tius effect, those quickenmg canduction sh
shortening the sefractory period (hke the cholinergic bodies) and wi
eersa (ke quinidine), The action of digitahs 1s complicated by st cholisi-
ergre effect. the £ wares are never retarded, but they may he accelerated,
especially in those cases which are made to fibnillate {Wedd, 1924)

Quinidine should not be given alone to cases of futter in the first mstancy,
for by depressing the irritable focus and slowing the auricular rate, 1t ma
allow the ventricles to keep pace, rapid tachycardia resulting When aun~
cular fibriltation has been established, howener, the resumpuon of normat
rhythm rmay be encouraged by quinidine m doses of § 10 50 grams (6 32
100,65 G ) two-hourly, to a mavimum of 40 to 45 grams (2 5t0 3 G Y one
day; or 1t may be gis en to resistant cases of flutter so tong as the sentncular
respanse is bloched by digitalis.

If Butter continues despite all efforts to break s, the patient should be
kept on a maintenance dose of digtalis sufficient to control the sentncular
rate; but the result is rarely smrisfactory- for short of digitahs intowcanon,
tachycardia due 10 21 ¢ ventricular response 15 apt 10 develop an litte
prosocation,

In all cases attenton should be pud to any associated disease, cardiac ot
otherwise, and to combating congestise heart faure

AURICULAR FIBRILLATION

Physialagy According to Prinzmetal {1930), two types of auncular
tlmtrfcr'xons may be seen by means of a high-speed cinematograph

P 1 auricular fibell (1) nunute irregular contractions,
which he has called M contractions, mahng 2 small area of aunicular
wall (00333 mm.), and (2} farge rhythmic wave-hke contractions (L
conteactions), whrch sweep across the auricle 400 to 600 times per minute,
without pursuing 3 cireus pathway Blacking a hypothetical curcant round
the mauths of the venz casz had no effect on these waves Direct auricular
leads zecorded by means of 2 cathode ray oscillograph showed very smail
M waves at 10,000 ta 40,000 per minute, and Jarge f wares corresponding
to the L contractions. The M waves did not cccur m flutter. Lewss’s
theory of eircus mos ement appears to be untensble

At speeds of 320 to 380, electrocardiograms from chest leads placed
aver the right auricle show “f” waves which at times are regular and even
as m flutter, and which at other tmes are wregulas and uneven as in
fibrillation {fig 4.36) At faster rates the “f” wmes are afways rregular
in ttme and shape, and the i P 8 ly rapid and
chaotic, varying between 100 and 200 per minute {fig. 4 37) Sometmes,
and of course m treated cases, when there 13 partial aunculo-entricular
block, the far rate ss rek 1y slow. O ily there 1s compl

K




Fig 4.36—Lead CR1 showing coarse auricular fibrillation or impure flutter.
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Fig 4 37—Aurncular fibnillation

Fig 4 38—~Auncular fbnllstion with complete A-V dwsociation due to digitahs
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heart block: usually in cases treated with digitalis over a long perod of
time, and the ventricular rate is not only slow, but regular (fig 4 38)
Etiology. Auricular fibrillation is characteristically associated with mutral
stenosis and touc nedular goitre, and 1s usually permanent with the former
and paroxysmal with the latter. It is not uncommon, however, 1n the later
stages of hypertensive and ischemic heart disease, On the other hand, 1t 1s
rare in congenital heart disease, in bacterial endocarditis (2 per cent), in
any form of active carditis in young people, in aortic valve disease (unless

Vhoea fa cremete P

over, auricular fibrillation may occur in patients with no other evidence of
heart disease: it may complicate head injuries, meningitis, pneumonsa, and
other infections in rare instances, and it may even be found in apparently
healthy persons The most important single factor determining the nci-
dence of auricular fibrillatton tn those diseases that favour its occurrence
is the advancing age of the patent.

Clinical features. Symptoms may be absent or negligible, or the patient
may complain of palpitations. If the ventricular rate is very rapid, syncope
Or angina pectonis may result, as with flutter and paroxysmal tachycardia
The mechanical inefficiency and nutritional hazards resulting from the
rapid irregularity of the heart beat often lead to congestive falure when
there is underlying heart disease; on the other hand, auricular fibnillation
may be precipitated by congestive fatlure from other causes

Diagnosis The climical d rests upon the r of a chaotic
cardiac thythm, i ¢. one without any semblance of order, and must be dis-
tingwished from sinus arrhythmia, from ectoprc beats, and from auricular
flutter. Sinus arrhythmia should be recognised by its relation to respiration,
and ectopic beats by the percep of some fund: 1 order, but multipl
auricular ectopic beats, especially when assoctated with sinus arrhythmuea,
and aunicular flutter with an irregular ventricular response, may be most

confusing. Electrocardiography is therefore advised mn all suspected
cases. -

Treatment All cases m which the ventricular rate 15 accelerated should
be treated with digitalis, When there 1s no urgency, 2 simple and safe
method is to gwve powdered digitalis leaf, 3 grains (0 2 G.) t ds on the first
day, 2 grains (o 13G.)t.d s onthe second, and 1 gran (65 mg.) t d s. there-
after, until the ventricular rate 1s controlled Subsequently a maintenance
dose of 1 grain (65 mg ) b1 d 1s usually sufficient When a quicker effect 15
desired, the method described for cases of auricular flutter 1s advised In
urgent cases with very raptd ventricular rates and severe congestive heart
failure, digoxin by the intravenous route may be preferable, but ts not
without danger, and should never be given n full doses to any patient who
may have had digitalis within the previous six weeks, or who still shows a
digitalis effect 1n the electrocardiogram The inttial maxsmum dose 1s 1 5
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mg., and this may be followed by 0.5 mg , and then by o 25 mg , atintervals
of not less than two hours and not more than six hours. In favousable cir-
cumistances the ventnicular rate may be controfled within half an hour, an
oral mamtenance dose should then replace the later mtravenous dases Just
recommended. Strophanthin may be used instead of digoxn; as Quah=in

it may be given m an inital dose of 1 o mg inte~e-s ¥y
osmg.,andthenbyo 2smg. siv v -
As strophanthin 1s all excre .wass, 1t 18 preferable to

digoun when a cumulative - . . 110t destred
Other preparations of digitalis may be given by mouth, the dose being
calcutated according to the followmg table of equivalent strengths:

Powdered digitalis Jeaf , . . 1 grain (65 mg)
Tincture of digitalis . . . 1o munums (0.6 mb)
Digoxin . . . . o25mg

Digrtoxin (Natwvelle’s Digttaline) . o.0y5 mg.

The practitioner 15 advised to become thoroughly famufiar with a few
seliable preparations Digoxm and digitoxin have the advantage of being
pure crystallonds of fixed potency Digown appears to be excreted mote
quickly than dgiten The tincture loses strength with the passage of time
and when muxed with other drugs, and 1s therefore least reliable, The pow-
dered leaf has been the standard preparation sn this country for many years,
but 15 being gradually displaced by digosin A pomnt of mportance when
caleulating equrvalent doses of different Ppreparations is that the maximum
single dose of the more rapidly excreted drugs, such as strophanthin and
digoan, s smaller than would be assessed by the table of equivalent
strengths thus 1t 15 safe to give an average adult 9 grains (0.6 G.) of the
povdered leaf a5 a massive single dose, and to follow 1t at six-hourly
mtervals by 6 grams (0.4 G ), and then by 3 grams (o 2 G ), but it 15 not safe
@0 give 225 mp of digovm, followed by 15 mg. and then by .75 mg.
although 1ts mamtenance dose 1s o 25 mg. twice dasly, Massive oral doses
of digoxin should not exceed 1 5 mg., © mg, and 0.5 mg. at six-hourly
ntervals

Touc symptoms include angrexia, nausea, vomuting, darrhea, ectopse
beats, nodal rhythm, heart block, paroxysmal tachycardia, and sudden
death from sentnicutar fibrillation, Nausea and coupling due to ectopic
beats are the best mnd that the lated dose of digitahs is
approaching dangerous concentration. Unfununa(ely, the worse the heart,
the closer the themapeutic dose becomes 1a the toxse, the margin is never
great. The vagal effects may be reheved by atropine.

The correct maintenance dose must be worked out for each individuat
recerving the drug; butitaverages .5 mg of digoxin daily, ranging betweert
o25and 075 mg.

Attempts to restore normal thy thm with quinidine should be made in all
casés in which there 13 no o1 idence of intrinsic heart disease, and especially
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in cases of successfully treated thyrotoxicosis; also, perhaps, when auncular
fibrillation is thought to have occurred prematurely or unexpectedly, having
been precipitated by some passing infection, such as tonsithus or pneu~
monia, or by some ather factor which either no longer operates, such as
pregnancy, or which is itself controllable, such as dental sepsis When
fibrillation develops in the natural course of heart discase, however, e g
mitral stenosis or hypertensive heart disease, attempts to restore normal
rhythm end in immediate or remote farlure, and should therefore be
avoided as the procedure is not without nisk.

Fig 4 30—Auricular fibrillation treated with quinidine, The f waves slow down from 375
to 230 per punute before narmal rhythm 1s restored.

Quinidine should be given by mouth 1n doses of 5 grains (0 32 G.), two-
hourly, on the first day, followed by 10 grains (o 65 G.), tno-hourly, on the
second, and by 15 grains (1 G ), two-houtly, on the third, to a maximum
of 40 10 45 grains (2 6 to 2 g G.) per day, the course being terminated 1m-
medrately the rhythm returns to normal. A maintenance dose of 5 grains
(032 G.) td.s. is continued for 2 month in successful cases.

(.)uinidinc depresses the activity of the irritable focus, retarding its
periodicity and often abolishing 1t altogether (about 5o per cent of cases)
As the “f” waves slow down (fig 4 39), they may assume the regularity
of flutter, and if their speed approaches 200 per minute there is danger
Of 3 1:x venmtricul P Tachycatdia 3o prosoked by quinidine

LT PR Pl .

not prejudice successful practical results.

Other complications of quinidine therapy include hypersensitivity and
embolism. Hypersensitivity may result in generalised wdema, urticaria,
purpura, fever, iting and collapse, although such symp are rare,
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it is customary to give an inutial tnial dose of 3 gralns (0.2 G.). Important
systemic emboli occur in about 5 per cent of all cases in which normal
rhythm is restored, and are due to the expulsion of left auricular thrombi.
The risk 1s more or less proportional to the length of the period of fibrilla-
tion, and is greatly increased by congestive heart failure. Intracardiac
thrombi are rare in thyrotoxic heart disease, even under the most un-
favourable circumstances, owing to the rapid cireulation associated withiit.
Pulmonary embol: also occur, but rarely prove troublesome.

VENTRICULAR FIBRILLATION
Faradic stmulation of the ventricles invanably induces inco-ordmnated
fibnllation of the muscle which usually persists after cessation of the
exciting cause The heart muscle is unable to expel its contents and syncope

ANGINA
PECTORIS

UNCONSCIOUS
—§ T

Fig 4 40—Ventncular fibrillation caustag sudden death 10 a case of tscheerme heart disease

occurs abruptly. Spontancous recovery may occur, especially in young
healthy ammals, but sudden death is the rule. When the heart is unduly
excitable, as in asphyxia, digital pressure or gently scratching the surface
of the ventricle with a pin may be suffictent to induce ventricular fibrillatton
(Mac\William, 1887) Certain drugs may initiate the phenomenon, notably
adrenaline, chloroform, and digitalis Coronary occlusion is also known to
be an excrting cause.

Clinically, Yentricular fibnllation is often responsible for sudden death,
especially in 1schemic heart disease (fig 4.40), aortic stenosis, syphilitic
aortic incompetence, diphtheritic carditis, and complete heart block. It also
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explains sudden death following intravenous mnjections of digitalis, mer-
curial diurectics, adrenaline, and other drugs

Treatment is of little avail. The intracardiac injection of quinidine sul-
phite, 3 to 5 grains {02t00.32 G.), or of 5 to 1o ml of 1 to 2 per cent pro-
caine, may be tried if circumstances are favourable. Quimdine may also be
used as a prophylactic agent when the risk of ventricular fibrillation 15
great, e.g. following coronary thrombosis or in 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
ventniele The adjective “congestive’” 15 often added, and has come te mean
heart fatlure with systemic congestion, 1¢ with elevation of the systemic
venous pressure and engorgement of the liver, with or without dropsy.
Right ventricular failure has a simtlar meaning, but implies also that the
left ventricle 1s relatively healthy Left ventricular failure 1s characterised
by congestion of the lungs only

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

MECHANISM

The mechanism, and even the definition, of heart failure 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 farlure, mamtains that when a
ventricle fails to discharge 1ts dequately, blood acc lates be-
L . * nous system

) s replaced by
ved that con-
.. behind, and
who 1nsisted that the heart failed as 2 whole. Before the second world war
opinton reverted sharply to Hope’s view, the arguments in its favour beng
well marshalled by Harnison (1935) and by Fishberg (1939); but the newer
methods of investigation which provided much of the data upon which
these arguments were based were crude, and subsequent techncal refine-
ments have disproved many of them The modern attitude has been shaped
largely by the work of Cournand in the U'S A., and of McMichael and
Sharpey-Schafer in England

By means of intracardiac cathetensation these investigators have pro-
IR IR R T S, . - L,

1

pressure minus the negative intrathoracic pressure} uatil 2 critical level is

reached, after which any further rise of venous pressure results in “over-

loading” and a fall in output (fig. 5.01) It is known that in patients with
© 154
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severe anemiz & raised venous pressure 15 prnanty a phy siologreat adjpust-
ment which serves to maintain a tugh cardiac output, and that arhaal
alterations of the venous pressure results i changes of cardiac output
harmony with Starling's Law (Sharpey-Schafer, 1944) Should a fusther
rise of venous pressure result in a lower cardiac output, the heart is sud to
be overloaded.

McMichael and Sharpey-Schafer {1944), after making fusther obsena-
tions on the relationship between the nght auncular pressusc and the
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Fig 5 ot—Relationship of cardiae output to venous BIhng pressure (Starhni’s cusse)

cardiac output mn health and disease, put forward the hypothesis that
d?wzion of the venous pressure 18 pramary tn all forms of congestive heart
failure, and may be regarded as a comp Y 1 d d to
increase the cardiac output For a time, and particularly m certamn hyper-
kanetie circulatory states {¢ g snenma, arteno-venous aneurysm) 1 which
the cardrac output 5s high, the mechansm 1s successful, but sooner or later
overloadmg occurs According to this hypothests, congestive heart farlure
might be defined as a state m which the heart can only mumam the
requisite ontput by means of abnonmal elevation of the venous pressure,
of 25 a state 1 which such elevation of the venous pressure has already
resulted 1m overloading The second clause defines a more advanced con-
<dition than does the first, and 1t may well be objected that the first does not
m fact define congestive fatture at all, but a compensated state which has
1o right to the title. Congestive heart falure is 2 chneal sy ndrome charac-
terised by elevation of the venous pressure and distension of the hiver, with
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or without dependent cedema, the result of some cardiac fault. If these
i tons can be d rated when the heart is not yet overloaded,
the defiitton must be allowed
"The climeal facts are these. In anemia, arterio-venous aneurysm, and
extenstve active Paget’s disease of bone, elevation of the venous pressure
without demonstrable distenston of the liver is commonly associated witha
Tigh cardiac output. If the venous pressure 1s raised further, the output
usually nses; if 1t 18 reduced, the output usually falls. Such behaviour has
been labelled “high output failure”, and 1s covered by the first of the two
definitions gtven above Cervical venous pulsation is rarely visible above
clavicular level when the patient reclines at an angle of 45 degrees; in other
words 1t 13 rarely more than 3 or 4 cm above the sternal angle in this
position When the venous pressure 1s raised more conspicuously, the Iner
becomes palpable and the heart 15 probably overloaded In thyrotoxicosts,
tugh cardiac outputs are mamntained chiefly by means of tachycardia. Clint-
cal elevation of the jugular venous pressure 1s associated with hepatic
enlargement and is enly seen when the heart 1s overloaded. The cardiac
output 1s then usually low. In pulmonary heart disease secondary to
emphysema, elevation of the venous pressure 1s commonly associated with
hepatic engorgement and with a moderate increase 1n cardiac output The
latter usually falls when the venous pressure 1s further rassed, but it also
falls when the venous pressure 1s lowered In most other forms of heart
disease, elevation of the venous pressure 1s associated with hepatic engorge-
ment and with a low cardiac output, further elevation of the venous pressure
results 1n further reduction of the cardiac output
Chinicians are therefore likely to favour the view that congestive heart
failure 15 a state m which the heart s overloaded, 1.e astate in which further
elevation of the venous pressure causes a reduction m cardiac output. The
best clinical indication of this may be demonstrable distension of the liver.
Whatever the final verdct on this vexed question, 1t 1s certainly true to 3y
that 1n congestive heart failure the venous pressure nises primarily behind
the chamber chiefly involved, 1 . in the left aurtcle and pulmonary vens 10
mutral stenosis and left ventricular failure, in the right auricle and systemic
veins 1n trircuspid valve disease and night ventricular failure, Moreover, in
mutral stenosts and left ventricular failure, secondary elevation of the
systemuc venous pressure 1s the rule sooner or later, whether this be
regarded as evidence of night ventricular failure or otherwise.

CAUSES OF HEART FAILURE
‘The heart may fail because 1t is overburdened by a raised ventniewlar
pressure ot by a rased cardiac output, or because the health of the myo-
cardium is impaired by inadequate or faulty nutrition, metabolic disordef,
intovication, or intrinsic disease High outputs are tolerated better than
high pressures; but myocardial 11l health 1s probably ¢ven more important.
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Contnbutory factoss include physical effort, obesity, amuety, mental stress,
disturbances of rate or rhythm, infection, fever, extremes of wnperature,
and pregnancy; but ail these are better expressed 1 more fundamentat
terms: for example, infection may increase the cardiac output and wopair
the health of the myocardium; anviety and cold may rmse the blood
pressure; and so forth

Viewing the subject in this way, it should be clear that a hagh cardiac
output is no more tncompatible with heart faifure than ts hy pertension, that
a heart capable of pumping ten litses of blood per munute 1s not neensanyy
better than one capable of maintaining a diastolic blood pressure of 140
m. of Hg, Each is a measure of part of the total cardiac wark performed,
neither alone 1s a sufficient measure of cardiae efficiency, although their
behaviour under certain exprrimental condivions may be Morcover, the
signs and symptoms of hears fasdure are fargely due to alterations of pressure
and volume 1n the pulmonary ar systermuc venaus systems. In left ventricy-
lar failure, for example, the redistnbution of volume 15 the result of a short-
tived discrepancy between left and nght ventricular autputs Although the
balanee must be restored quickly, the consequences cannot be rectified
untl the process is rexersed It should agatn be clear that such disturbances
cannot be detected by easual estimations of the nght \entrcular ontput

LEFT VENTRICULAR FAILURE
When the left ventacle fails to discharge its contents adequately, blood
aceumulates in the pul v crecul and the p nises m the left
auricle and pulmonary vemns

ETIOLGGY

Left venticular falure may result from any disease which imposes an
undue burden an the Jeft ventncle or which interferes ssith sts health
These diseases include systemuc hypertension from any cause, sortic vahve
disease, and dsat inf In sy hypertension, the left ven-
tricle may fail esther because 1t 15 unable to meet the stress imposed upon
it, or because 1t 15 enlarged so greatly that st cannot obtain sufficient
nourishment. As the nutrstional demands of an mdividual muscle fibre
depend upon 1ts cubic volume, and the nutritionat supply is luntted by 1ts
surface area, there 1s an mcreasing discrepancy between the two as the
muscle enlarges, which sooner or later becomes cntical (Gross and Spark,
1937) In scute nephnts and rabignant hypertenston, a rapd rise of blood
pressure may cause left ventricular farlure before there has been appreciable
hyperteophy of muscle, on the other hand, 1n long-standing cases of essen~
tal hypertension with gross enlargement of the left ventricle, faslure may
occur even though the blood pressure has fallen to within normal limts,
faidure then being sbuted to i 1 breakd In aortic valve
disease, 1n addition to these two factors, there may be further taterference
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with nutrition as a result of poor coronary filling, due to 2 low mean blood
pressure in aortic stenosts, aiid to obstruction of the mouths of the coronary
vessels in syphilitic aortic incompetence. The cause of failure in uncom-
plicated ischzemic beart disease with myocardial infarction is due entirely
to interference with ventricular nuteition resulting from coronary occlusion.

CLINICAL FEATURES
The symptoms of left ventricular faiture are undue breathlessness on
effort, orthopnwa, paroxysmal cardiac dyspneea, and acute pulmonary

wdema. The findings mclude bilateral basal pul y rales, diminished
vital capacity and lung volume, radrwological evid of pul y con-
gestion and hydrothorax, and prol ion of the put ircuk

¥
time The diagnosis 15 supported by gallop rhythm, pulsus alternans and
Cheyne-~Stokes breathing, and 15 confirmed by the demonstration of a suit-
able cardiovascular disease, e g systemic hypertension, aortic valve disease,
or myocardial infarction

Undue breathl ant effort. Breathl on effort is physiological
When a patient complawns of breathlessness, he means that he is winded by
physieal work that did not distress him previousty: the symptom, per 52
does not, of course, necessarily indicate heart disease, other common
causes including psychoneurasis, ebesity, chranic bronchius, asthma, er-
physema and anemia, Breathlessness due to left ventricular failure depends
upon pulmonary congestion, which both reduces the vital capacity and
reflexly stimulates resprration.

Orthopnaea, paroxysmal cardiac dyspnaa, and pulmonary eedema. As these
three conditions depend on vartations of the same fundamental mechanism,
they are considered together. When a patient adopts the upright or sitting
postuton 1 order to breathe comfortably, he may be said to have orthopnea
Although an almost constant sign of left ventricular failure, 1t is by n0
means pathognomonic; for it may be found 10 severe mtral stenosis
bronchral asthma, and i pencardial effusion. The vital capacity is reduced
in alf these conditions, and is greater in the upright than in the harizontat
b3 ; but sts rel ip to orthoy 13 not necessarily direct, More-
over, s werease in the erect posttion s greater than can be explaincd by
descent of the diaphragm The discrepancy 15 due to concomitant changes
m the pulmonary Greulation, the amount of blood in the lungs being
greater, perhaps by as much as 502 ml,, in the horizontal than in the erect
posution (McMichael, 1939). The redistribution of blood o pends upon the
geographical relationship of the auricles to their sespective vertous systems.
As the right auricle 13 nearer the head than the feet, the pressute within it
rises when the body 15 ited head up, owing to the influence of gravity: The
right ventncle responds according to Starling’s Law and pumps more
blood into the lungs in the horizontal than i the vertical position The
pressure within the left auricle, however, which is situated more or less in
the centre of the lungs, is not direetly influenced by gravity, and the feft




NOILVABISEO B3ONN  SHBNOH
v

9
TR T T T T
TR 1 T
T t

Y i
ey - HE T T
Tt +H T H
T
S Inas00 €01
Sstasanssus:
T +
a
ansaats 1] + A
= T
T tHH
3 SRR ¥|ozjo9
t H
3 ot | 08
T H
+
; i it g
t an i7es BYINDHAY| LH: 2
£ (e 3 1oo
1 3 [asnd]
i =3
5 z
s @
+ HH ogl
HEr 1305539d 60018 INALSAS
Eaassiny
g H T ogt
H ieaeas: : s, oo
ey i
HEE frt a8
HHH +




160 DISEASFS OF THE HEART AND CIRCULATION

ventricular output does not, therefore, immediately keep pace with tt
the night. Only when the left auncular pressure rises proportion:
owing to an inereased volume of blood 1n the pulmonary venous sy
will the balance be restored As patients with left ventricular faure 2k
have pulmonary congestion, the extra engorgement which results
adopung the hortzontal posttion may prove critical and may excite res
tory reflexes which provoke dyspneea,

Paroxysmal cardiae dyspneea usually occurs at night. The patient av
with a feeling of suffacation, and sits bolt upnight gasping for breat
may chimb out of bed and open a window, or walk about in an agitated
In cases of sumple orthopncea this behaviour brings immedtate refief; t
paroxysmal cardiac dyspneea the feeling of suffocation increases, an
struggle for breath lasts for ten to twenty mmutes Conghing and whe:
are commonly associated (carduc asthma), and the pattent may com
of palpitations, fantness, or substernal tightness The skin 1
cyanosed and cold, it g profound riction, and sweating
be profuse. The blood pressure and venous pressute are both r:
Attacks usually subside spontaneously, but may be repeated nightly
ntervals of days or weeks In more severe cases pulmonary aedema deve
Widespread crepitations may be heard over the lungs and quantiti
frothy pink ar white watery flutd are expectorated.

Such attacks may sometimes be provoked by effort or by a rigor. '
are easily induced experi ily in ptible subjects by rasing €
the venous pressure or the blood pressure by artificial means (fig. ¢
The mechanism probably depends upon acute discrepancy between
and left ventricular outputs, so that both the pressure and volume of £
1 the pulmonary cureulation reach critcal levels, Measurements of pres
changes by means of an indwelling cardiac catheter 1n spontaneous
turnal attacks indicate that the venous pressure may nise before the t
pressure. When attacks are induced by rawsing the venous pressure
cardiac output may rise. Thus, although the heart 15 said 1o be failir
may m fact be performing mose work than usual, both with respe
blood pressure and output. The laboured breathing may be due in
to the extra effort required ta wflate and deflate a turgid lung:

leural howing greatly i il (Heyere

1948)

Spontaneous termmation of the attack may be due to reductron of 1
auncufar pressure by adoption of the upright posture, er possibly 0 ¢
loading of the weaker right ventricle, so that the left has a chance to re¢
and restore the status guo The difference between paroxysmal caf
dyspnera and acute pulmonary eedema 1s chiefly one of degree, transuds
of fluid from the capillaries into the alveolar spaces occureing shen
intravascular hydrostauc pressure 1s sufficiently high or when other fac
influence the fluid balance in favour of the tissues.

DBilateral basal puimonary réles and hydrothorax. Basal riles, diminit
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air entry inte the lower lobes, and some imp:{ifmcm of the P”C“S*“’“lno's
at the bases are usual in left ventricular failure. B?dford an;i L'ou uon‘

1941) found that hydrothorax was a complication of p 3
(cu?\‘:;c)slt;?m from lch’\cntricuhr failure, and that, although often bllatcm:j,
tended to be more marked on the left side. Its occurrence may depen
upon the fact that the visceral pleura is drained by the pulmonary rather
than by the bronchial veins (Miller, 1937) ! .

Reduction of the vital capacity and lung volume. The vita c.:;_mcn d)n
reduced by an amount equiralent to the extra quantity of blood distending
the pulmonary circulation, R
1t is reduced much more if - L
there is pulmonary adema
or a large hydrothorax as
well, and by a further few
hundred ml according to
the degree of cardiac enlarge-
ment. Readings of 1,000 to
1,500 ml. are common, and
may be as low as 500 ml.
when there is 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 in which
a low vital capacity 1s
associated with a normal
lung svolume and increased

in feft ven-
T o3—Pulmonary congestion in lef -
“Raitagat s B S e I
Raduolegical signs of pul- " el
monary congestion Although
the ries revealed by Itation are most pr d at the most de:

Ppendent parts of the lung, the increased opacity seen m skiagrams is halar,
and 13 due to engorgement of the pulmonary \e.ssels ({fig 503) Dumlli
attacks of acute pulmonary edema a fleecy mottling spre?ds out fn;n:l !b
bilum on both sides (fig 504) Hydrothorax may also”be reveale 0};_
Xerays, perhaps when unsuspected clinically. Confirmatory evdence !
teft ventricular faiture may be obtained by noting the size and shape of
the heart shadow.

Prolongation of the pulmonary circulation time The normal arm-tc-fongu;
circulatton time, as measured by decholin or saccharin (page 13), averag

\ 13.5 seconds, but ranges between g and 18 seconds. As the time taken by

the substance ta travel from the left ventricle to the tongue may be neg-
N
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lected, and as the journey from the antecubital vein to the nght auncle
takes only two or three seconds (Blumgart and Wess, 1927), the total arm-
to-tongue time is governed chiefly by passage through the lungs Using
rg\dium C intravenously, which can be detected at any given paint in the
circufation by means of a special radio-sensitive instrument, Blumgart and
Weiss also showed that when the systemic venous pressure 15 raised in con-
gestive heart failure, the delay between the antecubital vein and the nght
auricle does not exceed five seconds, even in gross cases It follows that
with pure right ventricular failure the arm-to-tongue crculatron time
should not exceed 23 seconds and should often be within normal kmits, 1n
fflcl this is so. On the other hand, in left ventricular farlure the average
time is 30 seconds (Wood, 1936), and may be much longer The delay 1s
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), is said to be helpful in distingusshing primary left
from pure right ventricular failure, if the total arm-to-tengue tume is also
known When the delay is provimal to the heart, as 1n pure right ventricular
fallure, the arm-to-lung time is delayed as much as the arm-to-tongue time,
on.th: other hand, if there is further delay in the pulmonary vems, as in
primary left ventricular failure, the arm-to-tongue time 1s disproportion-
ately prolonged. Although theoretcally this test might seem helpful, in fact
1t is rately so for two reasons: first, because the end-pomnt in the lung, both
with ether and amyl acetate, is often unrelable and mdefimite, and second,
because it is easier and no less accurate to allow 1 to § seconds for delay

proximal to the heart according to the degree of systemic venous engorge-
ment,

GALLOP RHYTHM

When the thythm 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
wstead of two syllables per poetical foot, ane may properly speak of triple
thythm The term, therefore, covers all varieties of cadence 1n which three
heart sounds arc heard. Gallop rhythm, on the other hand, should have a
stricter meaning, and should be applied only to speatfied forms of triple
thythm as explained subsequently

Mechanism Phonocardiography proves that there are really four normal
heart sounds., the lar or p tolic sound known as the
fourth heart sound) associated with aunicular systole and late ventricular
dlS:cnsmn, the first heart sound due to mutral and tricuspid valve closure
el . Al AR

el canfeha

these sounds 1s thus composed of at Jeast two and at most four elements
Although these elements may not be strictly synchronous, they are suffi-
ciently so, as a rule, to produce but one obvious sound to the human ear.
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On more careful analysis, however, they may often be separated sufficiently
tobed indivtduall ltation, and we may then speak of split
sounds. The word “sphit” describes the sound well, and also indicates the
mechanism of its production The term “reduplication” is often used
instead, but has less to recommend 1t, for it bears an accidental onomato-
peetic resemblance to the sound of presystolic gallop, and it is illogical to
apply a word that means doubling to an act of division, Split sounds do
not give the cadence of triple rhythm because of the close proximity of the
separated elements.

The “extra” sound that 15 responsible for triple rhythm is usually an
exaggerated auricular sound, the third heart sound, or a summation of the
two Occasionally 1t 15 an additional systolic sound of unknown origin, .

Porcemad oo B 41 40

Fig 5 05—Phonocardiogram showing a normal third heart sound
(By courtesy of Dr F D H Cowen)

wooden stethoscope or with the naked ear, so that tactile and aural senses
may beallied The presystolic sound is soft and dull, and is usually Jocalised
to the region of the apex beat In ths situation 1t 1s pathognomonic of
left sentricular stress Oceasionally st 15 heard best at the left border of the
sternum, when 1t may denote right ventricular stress. If the P-R interval
is sufficiently profonged, the auncular sound may fall in mud or early
duastole; if the heart rate 1s fast, its true relation to the first or second heart
sound cannot be determined chnically, unless transient slowing is induced
by means of carotnd sinus compression Presystolic gallop is never heard
when there is auncular fibnillation

Normal third heart sound When the ““extra’ sound occurs shortly after the
second heart sound, giving the metre of a dactyl (- uu), it may represent @
normal or abnormal thurd heart sound (fig 5.05) The normal third heart
cound was well described by Gibson (1907) It is soft, low pitched, and
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usually accompanied by a palpable shock, tt 1s more ot fess Jowalicd to the
apex beat, vanies in intencity with respiration, and 15 accentuated when the
subject hes on the left side, espeaially sf the renous pressure i ramed Ty
pressing on the abdomen, It may be heard i the great majonty of chfdren
{but not in infants), in about 5o per cent of young adults, oceassonathy m
the middle-aged, and rarcly 1n the elderly. Phonocardiography stiss that
the third heart sound synchronises with the latter half of the descendng
Timb of the “v' wase of the jugulze phlebogram, and therefore with the
period of rapid ventricular fifling (Chm, 5933) 1t 1 attrabuted to sudden
distension of the left s entricle at this ume

Protodiastalic gallop. Abnormal third heart sounds are comman i mutral

stenosis, constrictise pericardstis and in advanced hy pertensnear sehamsc
heart fasture (p fiastohc gallop), espeaally when there s auncular
fibnllation. "The age and chnical condition of the patient emphasise thew
significance.

gallop. of the far and third heart sounds
can only occur when there 1s tachycardia or when the PR nensal s
sufficiently prolonged. With tachycardia the metre may seem to be ana-
Ppaestic (uu -}, dactyhc {(~u u), or amplubrachic {u ~ u), according to the
fancy of the hstener; for the “extra” sound occurs tn mid-diastole Summa-
tin sounds have no chimcal sigmficance i they disappear when the heart
15 slowad by carotrd sinus compregstan {summation gatlop), on the other
hand, such slowing may reveal an suricular sound or a normal or abnormal
third heart sound.

Extra systole sounds. 1t 1s not uncoramon for an evtra sound to eccur
during ventricular systole "There are three vaneties ~ the systolic chick of
left-sided pneumothora, “lesser systohe clicks” posstbly assocated with
pleuro-pericardial adhestons, and 4 third type which the extra sound 13
dult and muffled, and 1n no way ltke a chick, Patents with partial left-sided
preumothorax may complam of a loud cheking or bubbling newse syn-
chronous with the heart beat It may be sa loud that 1t can be heard at a
distance of several feet from the patsent, st varies markedly with respuration
and with change of posture, and 1s always transient. It 15 occasioned by the
actrvitses of bubbles of air between the heart and surroundmg structures,
and only oceurs when the pneumothorax i small, so that clinscally 1t 1s 2
fate development, appearing when most of the air has been absorbed
{Scaddmg and Wood, 1939) Lesser systolic chicks are heard from time to
time in subjects who are perfectly well, and accordng to Gallavard (1913}
may depend upon pleuro-perncardial adhestons In these cases the extra
sound resembles a chick, but 1s not so impressie, Bor 50 varmble, as that
associated with Jeft-sided pneumathorae. Tt may last for weeks, months or
years, and may come and go without apparent reason, The third vype
{systolic gallop) 1s chstinguished from greater and lesser systohic click by
the charaster of the extra sound, which s dull and mufiled Its mechanism
15 not yet understood 1t is uncomman, and when heard may be dis-
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regarded, far 1t occurs an appatently healthy persens It should be distin-
guished from the widely splat first sound of bundle branch block,

Note on nomenclature Introduced by Professor Bouillaud, analysed and
populanised by Patain (1876}, the term gallop rhythm ongwnally referred to
that variety of triple rhythm wluch denoted impending or actual feft ventri-
cular failure, and in the presence of tachycardia is “marvellously adapted
to the sound 1t designates” But by 1900 Potain had extended the meaning
of the brust de galop to include presystolse, pratodistolic, and systalic
variettes, attributing these different metres to the same factors that are
to-day held responsible Thus historcally 1 13 mot incorrect to regard
gallop shythm and triple thythm as synonyms, but there is an advantage in
excluding certam types of triple rhythm from the cadences embraced by
the bruit de galop Thus it 1s preferable and customary to speak of pre-
systohic (auricular), protachastolic, systelic, and summation gallops on the
one hand; and of systohc clicks, the normal third heart sound, and the
triple rhythm of mtral stenosis on the other

PULSUS ALTERNANS
Pulsus alternans (Traube, 1872) 1s characterrsed by a regular rhythm in
which the pulse beats are stronger and weaker alternately It may be
detected by palpation or more eassly by sphygmomanometry, there being 2
difference of 5 to 20 mm of mercury in the systohc pressure between

Tig 3 o6—Electnycat alternation i a case of malignant disease nvolsinyy the pericardiurt
pulsus alternans was present

alternate beats 1t may be found m association wath left ventcicular failure,
yoxic carditis, paroxysmal tachycardia or auescular flutter. Clinreatly, alter-
nation may be maintawned as long as the heart ss lsbouning, accasionally for
aslang as ts o ar three years. Larent alternation may become manifest when
the heart beats faster. Experimentally, under favourable condiuons, e £
when the heart 1s poisoned by certain drugs meluding digiralis, when 1t 18



HEART FAILURE 167

made to beat very fast, or when its bload supply 8 curtatded, short peaods
of alternation may follow a premature ectopte peat (Mackenzie, 1ga7-8) or
adropped beat {1 fering, 1908). Sphygmograms show that pulsus alternans
may ?egm abruptly, cither withan umesually large beat ot 1th a small beat
(Lewis, 1925), and that the sum of s large and smalt beat equals the sum of
o normal beats (Gaskell, 1882). When the cardiac impulse appears 10
alternate in strength, the peripherst pulse may behave concordantdy of
discordantly, i.e. the larger pulse beat may be assocated with the stronger
or ‘yxh the weaher cardiac impulse respectvely (Henng, 1998}

Noth ghly satisfactary hypoth has been erolved to explun pulsus
alternans, It is generally Delieved that fewer muscle fibres contract with the
weaker beats than with the stronger, owing to the development of a state of
partiat refractoriness (Lewss, 1g25) fibres luch do not contract with one
beat, recover in ume for the next, ather fibres which contract & 1th the first
beat are sull refractory and therefore unready for the second  n other
words, there i3 a state of 2z . 1 partial ~entracular response Put if thys were
tue, all the beats should be wesher than aormal, the hypothesis does not
explasn the stronger beats. Another suggestion 1S that pulsus alternans
depends upon a dsorder of ventncular relaxation, for the rentncles hold
murc)b!ood with the stronger beats and less with the ¥ eaher (Straub,
1917

Pulsus alternans should not be confused with elestuicat alternation (g
5 66), nor with coupled beats due to premature systoles Electrical alterna-
tion is sometimes associated with pulsus alterazns, however, as 1n the case
iHustrated

CHEYNE-STOKES BREATHING

Periodic breathing was descnbed by Cheyne (1818) mwhat was probably
acase of hypertensive heart farlure with nght hemsplegit “¥or several days
tis breathing was irregular, it would entirely cease for a quarter of a TanNts,
then it would become perceptible, though sery low, them by degrees it
becarne heaving and quick, and then it would gradually cease agant this
revolution 1 the state of his breathing occupied about a sunute " Stokes

{1854) connected the phenomenon ¥ \th sersous heart disease
Mechamsm Cheyne-Stokes breathing may be mduced cxpcnmmtally by
hypen it pecrally m the p of znoxia Ohver-breathing
washes out carbon dioxide, and the ensuing apneea 1s due to carbon dioaide
lack, Dunng the appeic phase there 13 progressive anoxemu unti e
accumulatson of carbon dioxede excites the respiratory centre, and breathung
15 resumed During the dyspneeic phase carbon dioysde 15 ag@n W ashed out,
and the cycle vepeats wself Anoxmsma and depression of the respiratory
centre favour the production of Cheyne-Stokes breathing. The admntstras
tion of carbon dioxide abohshes, the gving of oxygen dimimshes and
modifies, the perodicity The exact rmechamsm 15 unitkely 10 beunderstood
untl tissue chemustey is more advanced, especially that refanng to the
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respiratory centre, The crescendo character of the dyspnesic phase may be
partly due to time-lag: when respiration starts, and carbon dioxide in the
blood entering the tungs is blown off, blood which has already passed the
pulmonary capilluries must have a higher carbon dioxide content than that
which was tequired to galvanise the respiratory centre jnto action; this
takes 5 to 1o seconds to reach the respiratory centre in normal subjects, and
an average of about 20 to 25 seconds in patients wath left ventricular farlure.

Climeal features Periodic breathing may result from a cerebral lesion,
eg. a head mjury or a cerebral vascular accrdent, or from left ventricular
fathure, usually in patients with hypertensive or ischeemic heart disease,
when sclerosss of cerebral vessels may be associated.

The cerebral type is characterised by a rise of blood pressure and
pulse sate dunng the dyspneic phase (Eyster, 1906); in patients with left
ventricular failure, the central venous pressure and blood pressure nse
during dyspneea, the pulse rate and fore-arm blood flow dunng apnwa
(Sharpey-Schafer, 1948). Rhythmic variation in the wize of the puptls may
also be observed' they dilate during dyspneea and contract during apnea

Cheyne-Stokes breathing 1s exaggerated by anything which further de-
presses the respiratory centre, e.g. by morphine, barbiturates, or natural
sleep It may cause msomnia by waking the patient at the height of the
dyspnoeic phase

RIGHT VENTRICULAR FAILURE, CONGESTIVE HEART
FAILURE
discharge its ad ly, the

When the rsght ventncle fails to
pressuse n the right auricle and the venm cavze rises, the Jiver becomes
enlarged and tender, and dependent cedema usually develops

ETICLOGY
Right ventricular failure may result from massive pulmonary embolism,
or chrome pul v heart disease, pulmonary stenoss, atnal

septal defect, or bert-beri
The term congestive heart failure 15 preferable when systemic congestion
camphicates mitral stenosss, left ventricular falure, rheumatic or other
forms of cardins, thyrotoxicosis or other hyperkinetic circulatory states
{except those mentioned above), serious abnarmalities of shythm, patent
ductus arteriosus, or nther diseases affecting the heart as a whole. Falure
in matral stenosis 15 considered more fully on page 293; it is a mixture of
due to a Jeft-nnded lesion, and sight ventricular

;'niluzc.
CLINICAL FEATURES
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ployed as a check. Insp of the cervical veins should be carned
out with the subject horizontal or inclined at an angle of 30, 45, 60 or go
degrees, whichever position 15 most favourable, Venous pulsatian may be
distinguished from arterial in several ways. It 1s diffuse and undulant, at
least two waves being seen to each heart beat (except 1n certain specal cir-
cumstances); whereas arterial pulsation is local, abrupt and single If the
jugulars are compressed at the soot of the neck, senous pulsation ceases
above this level, whereas the carotids continue to beat. Abdominal com-
pression increases the height and amplitude of jugular pulsation, but has no
effect on the carotids. The
extent of cervical \enous
pubsation  waries  greatly
according to the position of
the patient, whereas caroud
pulsation  scarcely  alters.
Funally, the upper level of
jugular pulsation may be
Seen tovary with respiration,
moving down with inspira-
tion and up with expiranon
Tl.m mean vertical height of
this upper level above some
arbitrary  reference  point
such as the sternal angle
should be measured 1n centi~
metres, The venous pressure
may then be recorded 1n cm.
abore the sternal angle, with
the patient at a known in~
clination. In normal subjects
inclined at 45 degrees cervical
venous pulsation 1s not seen
at all, but it may appear m :‘::irf‘;z:gz}y‘g:%::p::snhg;;:ngfi‘os;?:ss‘r‘::‘eoffe‘z‘:
the supraclavicular fossa at
3o 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 vein, on removing the finger the
vein collapses With the patient propped up at an angle of 45 degrecs,
complete collapse of the vem at the root of the neck denotes no nse of
venous pressure; on the other hand, if the venous pressure s raised, only
the upper part of the vem collapses, and 1t is easy to sce the level at which
pulsation ceases 1n the dilated lower part (fig. 5.07). In assessing the venous
pressure by observing the external Jugulars, it is umportant to make sure
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they are pulsating, for it 15 not unusual (nor abnormal) to find one or hoth
of them dilated, but not pulsating, as a result of constriction at the point
where they pierce the deep cervical faseia.

The amplitude of venous pulsation is also worth noting; for in pericardial
effusion and chromc constrictive pericarditis it i3 diminished, and mn
tricuspid incompetence it 1s enhanced

O ily the venous p 1s so high that pulsation, whick only
oceurs at the tap of the column, cannat be seen at all. If the veins are not
abviously distended the raised venous pressure may then be overlooked, or
1f recognised may be attnibuted to superior vena cava obstruction. Intra-
cardrac cathetensation provides a valuable method of arnving at the truth.
Supersor vena cava obstruction 15 often only partial, and the sudden fall in
venous pressure, as the catheter ships through the constriction, is chagnostic.

Obsenvation of cervical venous pufsation is stlfl mcomplete without
noting its quality and 1ts refationship to the artenial pulse. The “a”, “c” and
*“v** waves of the jugular phlebogram may be difficult to detect with pre-
ciston, but 1t 15 usually possible to make out nwo waves and two troughs,
and 1t may be quite easy to time the mam wave or trough.

A single abrupt collapsing type of venous pulsation 1n presystole denotes
an exaggerated auricular “a” wave and 15 no evidence of farlure. It alters
little with change of posture, may be palpated (when it feels Iike a venous
water-t ), and 15 ted to the lver as described by
Mackenzie (1902) It 15 most conspicuous in tneuspid stenosis, fbat may
be assocuated with any condition which gives nise to powerful right auri-
cular contraction (commonly cases with high right ventricular pressures
and tall P waves) Cannon waves, due to right auncular contraction against
a closed tricuspid vatve (as in heart block), look very similar, but occur
during ventricular systole.

Ta tricuspid meompetence the matn venous wave is systolic and is usually
powerful and prolonged The normal dey following “c”, due ta the
sucking action caused by descent of vhe atno-ventncular septum, s 18-
placed by a wave of high pressure transmutted directly from the right
ventricle thus the “‘c” and “v" waves become more or less fused. When
there s auricular fibrillation, the single forceful systolic venous wave s0
produced may be mustaken for an artenal pulse Such a wave, also, is no
direct evidence of congestive failure

The chief venous wave m heart failure appears to be late diastohic
Strictly speaking, 1t may not be a venous pulse wave at all, but merely the
steady rise of venous pressure that follows the momentary drop resulting
from opening of the tricuspid valve It 13 seen best in cases of auticular
fibrillation when it merges 1nto the “c” wave at the onset of systole and 13
followed by an abrupt systolic collapse due to descent of the base.

Clinical analysts of the venous pulse may not be easy, but there can be
no question that five minutes spent obse‘rﬁt\g the movements of the neck
veins may be as informative as auscultation,
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Althaugh clesation of the venous pressure at rest, as deseabed w pre-
vious paragraphs, nsually denotes congestive heart fadure, and 15 3 constant
sign of sach, there are certain circamstances tr whech 12 must be mterpreted
with caution. Slight elevation, for example, may occur when the wnra-
sbdomiral tension is high, as in pregnancy, ascites, and ¥ dinten-
sion; or when the intrathoracie pressure is rsed from plesraf etfusson or
paeumathomax. More important, however, are certan conditions {¢ g
anamia) in which elevation of the venous Allng pressure 1 physiologeal.
as described on page 155 The venous pressure 1 also rused n hydreme
states from any cause, e g. 1n acote nephmus and expenmentaf water reten-
tan, Finally, it may be very high
chronie constrictive pencarditss and
10 pericardual effasion,

When the tcnous pressure is
within normal hmuts at rest, st may
yet rise unduly on slight exertion,
and may take seseral sunutes 10 re-
gain its resting tevel This s 4 soam-
Iestation of Jimited cardiac reserve
The jugular  vemous pressure
normally falls on exertion, because
meressed ventifatron  fowers the
meant intrathoracic pressurer the
true filhng pressure tends to rise

Enlargement and tenderness of the
liwer, Hepatte distension may cause .
spontaneous pain in the night hypo-  Fig 5 o8 —Trangs of sl skuagrams of
chondoum, especaally w%):n 3’(? 45 Iner and spleen, upaclﬁc‘gttgpz:&zf
rapid as in fallure from paroxysmal  age of she lwrrf snd wk:nd“htd; Socurs
tachycardia_ Sametimes the pam 1 WPen S8 S menn i g
refated to effort

Palpation of the fiver should be preceded by mspection and per-
cossion Epsgastne fullness and dullness 10 percussion are charactersstic
of hepatic engorgement, on the other hand, epigastric flattenung ar con~
cavity, with oy are hle with t Percussion
of the night hypachondrum during the different phases of resparation
often reveals the size of the fiver with as much precision as palpanon
The latter 15 best carned ous with the Jeft hand, the physican siandeng
to the pasent’s teft It may be helpfil to place the night hand high up
under the nght Tower ribs, and to exert forward pressure i order to push
the hver towards the aptenior abderunal wall, if the organ 15 distended, 15
edge can be felt with the forefinger of the left hand 31t moves downwards
dunng mspiraton. Pressure over an engorged Iner 13 pamful, and causes
ammediate swelling of the cervical vewns. Hepatic pulsation may be feltin

cases of tricuspsd i p iding with the “¢” wave of
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the phlebogram. If there is ascites, an enlarged liver may be recognised by
“dipping”, a repeated sudden pressure of the hand over the region of the
liver, when a sensation hke that of a patella-tap, or hike that of ballotting a
feetus tn utero may be appreciated. The liver shrinks as engorgement 1s
relieved (fig 5 08), and this may be demonstrated within half an hour of
gving 15 mg. of digoxin intravenously (Wood, 1g40). After repeated
attacks of failure, or after years of persistent distension, cirrhotic changes
may occur; but they are un-
mmportant and rarely interfere
with hepatic function or with
portal drainage.

Although distension and tender-
ness of the liver are useful signs
of nght ventricular 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
dagnosed on the combination of
enlargement of the liver and
dependent dropsy without a rise
in venous pressure. In such cases
caranoma of the stomach or
cirrhosts of the liver should receire
first constderation

dema  Of the three classic
Fig. s 09— Dependent cedema m con signs of congestive heart falure,

eart farlure Restie  edema 1s the least reliable, It may

be absent when the venous pres-

sure 15 hugh, and gross when 1t 1s not so high It 1s frequently absent

in acute cases, especially n children Cardac cedema is essentially

dependent (fig. 5 og), but 1s occastonally observed in the face, and is not

mfrequent 10 the arms It 15, of course, accompaned or preceded by

oliguna and by a gain in body weight; 1n fact as much as six litres of fluid

may collect n the tissue spaces before prtting edema is necessarily
demonstrable.

Phystologically it 1s thought that water, electrolytes, and certamn other
small molecules, such as sugar and urea, leave the blood stream at the
arterial end of the capillaries and re-enter at the venous end, the forces at
work including the hydrostatic and osmotic pressures within and without
the vessels, and the p:rm:ablli!y of the vascular endothelium. At the
arterial end of the capillary, the hyd, exceeds the osmotic;
at the venous end it 1s the other way about The normal state of fluid
balance may be upset in favour of the tissues by raising the hydrostatic
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pressure within the capitlaries or reducing 1t without, by rodrong the
smotic pressurc within the capillanes or russng st athout, ar b s fe s
the permeability of the vascular endothehum

Inereased hy drostatic pressure at the venous cnd of the <apiarics s e
cayse of adema in venous thrombosts, cirshosts of the Iner with i
ascites, and in partial or complete obstructron of the superwor sens <t
Low cxtra-capuifary pressure may determine the site of edema, but doss
not cause it Lax tissue occurs naturally n certan siuatons, € g 6 the
infraorbital region, and may be demonstrated subcutaneously tallowing
considerable Joss of weight or when the skin has been stretched by previeus
dropay. Reduction of capitlary osmotsc pressure 1 due manly to reduction
of plasma albumin, (Edema usually develops when the total blood pretuns
fall below 5 G. per vent Ncphmsxs. protem starvation, seivere chronic
il{m'mia, and gross protem loss i pleural or pentoneal exudates may pro-
vide examples of such mdema, The chuef effect of creasing the per-
meability of the caputianies 1s toallow more albumin to escape snto the tissue
spaces {a certain amount escapes normally and re-enters the dlood stream
Vi the Fymphatics), and so to merease the osmotic pressure of the tissue
fluid (Edema with a hugh protem content {3 to 4 G. per cent) results Such
cedema may be assectated with bums, trench feet, msect bites and altergy
{eg. Quincke's disease), Lymphatic eedema has a ssmdar hugh proten
content

“The mechanism of the two most smportant forms of edema, carduac and
phritsc, is not yet fully und i In both, as a rule, the protein content
of fuid samples 1s low (less than 1 G per cent). the venous pressure 15
ratsed, and the blood olume 1s ncreased {Warren and Stead, 1944), but
there are exceptsons, Thus in chronte anemia with congestive heart farlure
the blood volume 1 much dimmished (Sharpey-Schafer, 1944) Increased
capillary permeabibity 1s excluded by the low protem content of the edema
fluid, moreover, the theory that anoxsa mught be the cause of such capallary
dysfunction is untikety 1n that cardrac edema may be assoctated with a hugh
cardiac putput and norma) artersal oxygen saturation, as in arterio-venous
aneurysm Elevation of the hydrostatic pressure at the venous end of the
cpullanies must play 3 part, but not necessanly 2 major part In partial
superior vena cava obstruction, for example, cdema does not occur untit
the venous pressure 1s very much higher than st 1318 heart falure Reduc-
tion of renal blood Row to about 2§ per cent of normal i most cases of
cangestive fature has been demonstrated (Mernill, 1946), and there 1s 2
considerable degree of sodmm retention, according to Mernlt and Cargill
(1948), cedema oceurs when the filtration rate fafls below yo to 8o ml /hitre,
tubular resbsorptton bemng almost complete Certainly, artficial sodum
retenuion, contrved by means of @ tugh salt intake and desoxycorticos
sterone, may cause cedema, and cardiac dropsy 15 best reheved by means of
a low sodium diet or sodm diuresis
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OTHER MANIFESTATIONS OF CONGESTIVE HEART
FAILURE

Tt cannot be stressed too strongly that the diagnosss of congestive heart
failure rests chiefly upon 1ts perspheral effects and least upon central cardiac
findings Inadd to the fund 1 signs of fatlure already mentioned,
there are a number of other features which may be helpful in doubtful
cases, or which should be understood 1n order that their presence may not
cause confusion ‘They include albuminurnia and cylinduna, hydrothorax ™
and aseites, cerebral symptoms, cardiac cachexia, venous theombosis, jaun-
dice, polychromasia, slowing of the erythrocyte sedimentation rate, and
certain radiographic appearances
Urnary findings. Ohgura, of course, 18 associated with edema The
utine, which 15 rich 10 colour and of high specific gravity, often contains
albumimn and hyaline casts, and sometimes a fow red cells
Hydrothorax tmay oceur from left or right ventucular failure, and though
usually bilateral, tends to be left-sided with the former and right-sided with
the latter (Bedford and Lovibond, 1941) It should be remembered that the
wisceral pleura 15 draned by a venous plexus which s camposed of both
bronchual and pulmonary venous radicles In typical instances, the fluid is
a transudate with 2 speafic gravity ranging between 1,015 and 1,020,
protemn ss often betneen o and three per cent, and there may be moderate
numbets of leucocytes and red cells Unsuspected pulmonary mfarction
may further ph the picture, i the spesific granity, the pro-
temn content, the leucocyte couns and especrally the number of red cells, the
overlying pleunisy giving rise to an exudate If the flud is frankly hemo-
rehagc, d pul y ion may be diag; d with confid
Ascites 15 Tess common than hydrotharax and usually smphes long-stand-
ing faiture It s 2 special feature of nicuspid lestons and of chrome con-
stnctnve pencarditis

Hydropericarduum s rare and 13 usually of Iittle significance, cardiac com-
presston does not occur, the ¢l diogram 1s fi d, and there
are no symptoms 1t is only sportant s that it alters the size and shape of
the heart shadow and so may confuse rachographuc observations

Cerebral symptoms Dufficulty in concentration, mpatrment of memorys
mental confusion, change of character, and manic-depressive, paranosd, of
ather psychotie states are by no means rare accompaniments of heart
falure They ave probably attrbutable to diminished cerebrat blood flow,
small cerebral t b or an ia; and are 4 particularly
in hypertensne or ischrmic heart fatlure, when cerebral arteriosclerosss
may be partly responsible, and i severe anoxic pubmonary heart disease,

ially when complicated by broncho.g i

Cardiac cathexia Patents with chromc heart failure usually lose flesh,
although loss of weight may be prevented by Buid retention; thus wasting
may only he noticed after diuresis; sometimes it is 5o great as to warrant the
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term cachexia, Elevation of the basal metabolie rate, anorewa, impairment
of intestinal function, and enforced muscular inactivity may be partly
responsible,

Venous thrombeses are common in congestne heart failure, especiails
when the cardiac output is low. “They are responsible for the frequency of
pulmonary infarction.

Jaundice may occur as a complication of severe heart farlure, and may be
mainly obstructive (McMichael and Sherlock, 1945) or mamly hemolytc,
‘the former depending perhaps upon the raised intra-hepatc pressure, the
latter upon the destruction of red cells in hemorrhagte pulmonary infarcts
The serum bilirubin is often 1n the region of 2 mg. per cent.

Immature red cells are a common feature of congestive heart farlure, and
may be due to stimulation of the bone marrow by anova.

The erythrocyte sedimentation rate is often retarded by congestive falure
(Wood, 1936) Figures of 50 to 100 in one hour, obtained by the Westergren
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Fig 5 10—Fall in erythrocyte sedimentation rate resultmg from the development of
congestive fature 1n a case of active rheumatic cardits

method 1n cases of rh ic carditis, myocardial and syphaliti
aortic incompetence, may drop below 10 with the onset of failure, and nise
to their former level with recovery (fig. 5.10)

Radiographic appearances. The transverse dameter of the heart 1s in-
creased by 1 to 2 cm. dunng failure (figs. 5.112 and b). In making such
Mmeasurements 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 horizontal position. The superior vena cava throws 2 denser shadow
than usual, and the right aurcle 15 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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OTHER CONSIDERATIONS RELEVANT 1O HEART
FAILURE
. Cyanosis Cyanosis is by no means a constant feature of heart faure, and
its presence in association with heart disease does not in itscdf ndicate
failure It depends upon the presence of at least 5 G per cent of reduced
hzmoglobin in the skin capillaries. Thus it cannot occur in severe anemig,
but develops readily if there is polycytherma The intensity of the hue
depends upon the calibre of the skin capillaries- if they are constricted,the
colour is paler; if dilated, it is richer. Polycythema is the rule in the
cyanotic forms of congenital heart disease, and it occurs occastonally tn
pulmonary heart disease. Capillary dilatation may be seen 1 the face in
many cases of mitral stenosis.
“There are three principal causes of cyanosis in heart disease. The first is
* the night to left shunt seen in congenital heart disease, when venous blood
« Passes directly into the arterial circulation. Central cyanosis of this Land
cannot be recognised clinically unless at least one-quarter of the venous

blood passes through the defect, a normal } flobin value.
With a hemoglobin of 120 per cent only one-fifth of the cardiac output
need be shunted to produce , and with a } dobin of 140 per

cent, only about one-sixth The second cause 1s inadequate oxygenation of
blood passing through the lungs owing to falure of alveolar function, and
is chiefly encountered 1n acute pulmenary edema and in pulmonary heart
disesse | dary to emphy Clinteal ition of such central

et
€yanosis means that the arterial oxygen saturation is reduced to 8o per cent
or fess, 1f the hzmoglobin value is normal, The third cause is the most
cemmon and is the sluggish peripheral blood flow m the skin due to com-
Pensatory iction. It is seen especially in mutral stenosis, primary
pulmonary hypertension and massive pulmonary embolism, but 1t may
oceur in congestive heart failure from any cause, provided the cardiac out-
put is low
Considerable clintcal difficulty may be experienced 1n attempting to dis-
inguish between central and peripheral cy2nosis. If the skui is cold, cyano-
sis of the face, ears and nail-beds must be assumed to be due to peripheral
vasoconstnction; 1f the skin is warm, and especially if a water-hammer
Pulse, digital throbbing, and capillary pulsation can be demonstrated,
Cyanosis is probably central The colour of the conjunctiva, the inside of
the lips, or of the palate may be more informative, for cyanosis in the'sc
Warm situations 15 always central Direct measurement of the arterial
O%ygen saturation 1s recommended in all cases of doubt if accurate mforma-
,Hon is desired, .
_ The adminmstration of otygen is most valuable in cases of central cyanosis
- duc to-emphysema, but 1t als increases the artersal o¥ygen saturation i
Cyanotic cases of congemutal heart disease, and may be used to tide such
€ases over some ;f“ﬁ‘ﬁa' period - :
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Behavtour of the bload pressure. The blood pressure might be expected o
fall in congestve heart faiture; but m fact 1t may rise, fall or remain station-
ary; m the majonity of cases it rises There are enly two conditions in which
heart falure 15 characteristically assocrated with a sharp drop of blood
pressure acute myocardial infarction and massive pulmonary embolism. In
the former the drop 1s not refated to farlure {sce page 389), in the latter it
1s tore or less proportional to the reduction in cardiac eutput, and hence
to the size of the embolus Conspicuous lowernng of the blood pressure
associated with heart fatlure 1n other diseases 1s commonly a terminal event
The vasoconstriction that masntains the blood pressure when the cardize
output falls may depend upon dimumnished blood flow through the kidney
It may be recognised chmeally by cold extremities and perspheral cyanosis

The heart rate Whilst some degree of tachycarda, partly due to the
Bambndge reflex {page 110), ss usual in heart faslure, there are extreme
varanons, both with normal and abnormal chythms. If the heart rate 18
plotted agamst the cardiac output, a cunve may be constructed which is
mare or less simular i shape to that related to the senous pressure. To
some extent 1t 1s hikely that tachycardia n heart failure represents another
compensatory device whereby the cardiac output may be ncreased This s
well ittustrated in chronic constrictive pericarditis when the venous pressure
mechamsm fails Clinically, however, tachycardia 1s an unreliable gmde t
the presence or degree of fmlure, as the pulse rate is influenced by so many
other factors.

Character of the heart sounds Current termunology stll ncludes such
expressions as weak, faint, or distant heart sounds, and tic-tac or feetal
rhythms which have been supposed to signify failure or threatened fadure.
With the exceptions of the red in the i of the heart sounds
following coronary thromboss, pulmonary embohsm, and pericardml
effuston, weak, famt, or distant heart sounds are commonly due to obesity,
emphysema, or well-developed thoracic muscles. It is doubtful whether
tie-tag or faetal rhythm is in any way associated with central heart failure,
on the other hand, 1t 15 heard 1n patients suffening from shock, and may be

assocsated with dumnution of the blood volume A weak first heart sound
assocuated with 2 normal second sound s usually due to 3 P-R intensal
around © 21 t0 © 22 second, the mutral cusps then.ha\'ing time to float into
apposition befare the ventricles contract {Levine, 1948)

PROGNOSIS OF HEART FAILURE
When left sentricular faslure develops in the natural course of hyper-
tensive or aortic valie disense, the prognosis 1s poor, the patient seldom
fiving mote than exghteen months after the onset of arthapnaa or paroyss
mal cardiac dyspacea. Few die, honerer, before chinseal signs of chronic
¥ ic congestion become apr Moreoser, right ventricular failure
often brings symptomatic relief, as it reduces pulmonary congestion.
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The prognosis may be fess unfavourable when acute myocardial mfarc-
tion is responsible; because if the patient survives the acute phase, he may
make a good recovery, and although the average hfe expectancy 1s stll only
3 to 4 years, the chanees of much longer survival are not remote

"The outloak is entirely different when left ventricular fatlure complicates
acute nephritig; here complete recovery may be anticipated ‘The 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

The prognosis of right ventricular falure or congestive heart farlure
depends very much upon its cause. When associated with diseases that
can be cured or improved, such as thyrotoricosts, the outlooh is excellent
On the other hand, when it occurs in the natural course of chromic and
incurable heart disease, few patients survive more than a year Between
these extremes are cases of incurable heart discase m which fallure 1s pre-
cipitated by some adverse factor which is either transient or which can be
impraved or cured. Undue physical work, pregnancy, infection, distur-

bances 6f thythm, obesity, and pulmonary embolism provide examples of
such factors

TREATMENT

As the measures used in the treatment of left and right ventnicular farlure
are practically the same they will be considered together. By failure 1s
meant the final stage in which the heart 1s overloaded
- Rest in bed or in a comfortable armchair is essential and should be con-
tinued for a minimum period of three weeks. If signs of falure do not
disappear within a few days of instituting adequate therapy, the penod of
rest should be extended to sit weeks. The patient should be nursed against
@ back rest at an angle of about 60 degrees, whether orthopneic or nof,
for there is no easier way of lowenng the right auricular pressure and so
untoading the overburdened heart, if thelegs are low ered, somuch the better
—l}cncc the value of an armchair, Meals should be small in guantity and
fluids limited to about two pints daily If the sodrnem intake can be Iimited
to 0 5G daily, however, there is no need to restrict fluids Correct treat-
ment of heart farlure usually serves as the best hypnotic; but if nsomnia
is troublesome at first there should be no hesitation in using morphine.

Venesection deserves a better reputation. It has fallen out of favour be-
cause sumular results may be obtained by means of certain drugs; but it
offers a quick and sure way of lowering 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 6oo to 750
ml. of blood may be withdrawn

Dugitalis is benefictal whether there is auricular fibrillation or normal
thythm and whether the pulse rate is fast or slow. It lowers the venous
Ppressure {fig. 5 12), raises the blood pressure {fig. 5 13), slows the heart rate
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DIGITALIS IN LEFT VENTRICULAR FAILURE
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(fig. 5 14), relieves hepatic distension (fig. 5.08), increases the vital capacity,
shortens the pulmonary circulation time (fig. 5.15), increases the cardic
output (fig. 5 13) and encourages diuresis (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 digitalis
does not lower the venous pressute when the latter is elevated from causes
other than congestive heast failure (fig. 5.17) (Wood and Paulett, 1949).
The onginal belief that digitalis improves the function of the heart by
virtue of 1ts direct action on the myocardium is probably correct Innormal
controls increase of myocardial tone may make the heart smaller and may
reduce its output (Stewart et al., 1938).

For routine purposes the dose of digitalis should be 3 gramns (02 G.)
of the powdered leaf t.d s on the first day, 2 grams (0 13 G ) t.d.s. on the
second, and 1 gran (65 mg ) t.d.s thereafter, until demonstrable improve-
ment or evidence of intoxication occurs, when 1t may be reduced to 1 grain
(65 mg ) bi.d. Other methods of admumistering digitahs are described on
pages 144 and 147

Strophanthin may be preferred when a quick action is desired, especially
1f a cumulative effect 1s not wanted. A single dose of Ouatain, 1.0 mg.
intravenously, may raise the cardiac output in cases of heart failure with-
out affecting the venous pressure (Mchlichael, 1948), and so presumably
acts directly on the heart Like mtrasenous 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 failure.

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 dyspnicea (fig. 5.18) They act by encouraging sodium excretton

Preparations on the market include mersalyl, mercurophylline, salyrgan,
neptal, and novunt They are all based on the arigimal but far mare toxic
substance novarsurol, and contamn about 40 per cent mercury. Ampoules
for ijcction contain 16 per cent of the drug and 5 per cent of theophylline;
oral tablets 0 08 G of the mercurial dwretic and 0 04 G. of theophylline;
and suppositories 0 4 G of mersalyl and 02 G of theophylline.

Mersalyl should be given 1n doses of 2 ml. intramuscularly twice weekly,
accompanied by 30 grams (2 G ) of ammomum chioride orally, once on the
preceding evenung and repeated three times on the day of injection Mer-
curial diuretics may be given oraily in doses of two tablets t.ds for the
days, with a rest of three or four days between courses, but they are less
effective by this route and may cause considerable gastro-intestinal distur-
bance. Rectal suppositories, one per wech, may also be used, but may pro-
voke severe burning pain,

Toxic reactions are rare, but sudden death has been reported after intra-
enous injections. Toxic nephrosis, characterised by tubular degenceration

ed ionally, usually after pralonged

and ealafication, is
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administration. "The 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 digitalis, may exceed expectations The only
contra-indication is acute nephntis.

o

HYPERTENSIVE HEART FAILURE
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1. 5 18—Chart illustrating the bencficul effect of mercurial dwretics 10 preventing
paroxysmal cardiac dypsneea Digitalis was less effectine

Olh.n diuretics, which may be employed as adjuvants, mclude the
xanthine denatives, theobromine, theophylline and caffeine; and urez in
massive doses, e g, 30 G. td's. The most powerful of this group 1s theo-
bmmn.ne, which is given in doses of 5 to 10 grams (032 to 065 G}, or
combined with sodium salicylate as diuretin in doses of 10 to 20 gramns
(065 to 1.3 G.) The latter being far more soluble 1s preferable. ’

A lore sodium diet has proved a most effective way of b
mdem'(Schmeder, 1941) and pr g paroxysmal cardiac dysp
The .Ob.JCC( 1 to reduce the sodium intake to the order of 0 5 G daily, so
that it is impossible for the tissues to hold much fluid. 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 gives the amount of sodium 1n mgs. per 100 G of foodstuff The
second figure gives the approximate calonfic value of the food per mg. of
sodwm content For the first 48 hours it 15 a good plan to grve nothing
but fruit in any form, frutt juice drinks, sugar, rice and diluted malk.
Mercurial diretics should not, as a rule, be given 1n 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 DIET

CrrraLs
Permitted Doubtful Forbidden

Arrowroot 48 | 72| Currantbread 164 | 2] DBread - 393

arley - o8] 150 ] Sweet bhiseuts 216 | 3} Biscusts - 400 | 08
Cornflour 52 7| Rusks 200 | 2 | Cornflakes 1,050 [ 03
Flour 2.5 | 170 Grapenuts* 658 jos
Macaront 79| 15 Post-Toasties 810 | 05
Qarmeal 33 11 Rywita+ + - 615 |05

ce v 22| 6o Vita-weat - 615 es
Sago 34| 100
Semolna 1z | 30
Shredded !

Wheat 16 | 2z

Taptoca 4 1 8 !
Note

Buscuits Water biscusts and cream crackers contain the most sodwum, Oam}egl
Tim e dos abe o1 s e oy .

sugar 1s recommended.

Ak puddings Milk should be dituted with equal parts of water, margatine
must not be used

Flour sauces Make without salt and with equal parts of milk and vegetable
water, Use dripping mnstead of margarine.

Datry Propuct axp Fars

Permutted | Daubljul Forbidden
Butter ((r:sh)u; 35| Dk (fresh) 12| Cheese - 6o0)0§
Cream cheese Mtk (smest Eppwhte -+ 19z (02
(home made) nm 8 143 ) 2 M « » 338105
ream  * 3! 13
Egg yolk 50 % 7
Ohve ail ot 19290 \
ard 2| 450
Deipping 5, 200
Suet 251 a4 |

Note
Butter may be kneaded 1n water to reduce its salt content.
7 2N T SR R .
- . iride
1JHULE 1K 2. XL .
Use olne o1l, diipping, lard or suet in cooking 1nstead of butter or margarine,
wheneser possible.

Meat, PoULTRY AND GAME

ermitted Doubtful Forbidden
Roast b}:cr - 2 Chicken * Bajz Bacon - 00 [0
Gnlled steak + 6715 Duck 195 18] Deef
Stewed steak 38lss oose + v 45 |2 (uhersu!e) Ty |02
Hare (roast ol) | Gumez fowl © 135} 15| Brams - 150 |07
Wewed) - > 451 4s) Heart o o as3fagl Ham - + - 150003
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Pernutted Doubtfu ! Forbudden
Mutton chop Liter » "+ 10025 | Kidney 230 o4
(znlled or Tartndge « ) Meatpaste 930 o025
ried)s + + go |6 Pheasant + » 1002 Smoled park 1,800 015
Mauttan, leg, etc Pigeon: - Sausage 1000 023
(roast, borled Turkey - "+ 130 ] 1.5 'ongue
orstewed) - 68 Trpe + - 372 | Ly {presencd) 1,870 ot5
Pork, roast -+ 66 eal + - - 1002
Pork chops 6o Veson ¢ -

2
Sweetbread - gq
Tongue (fresh) 79
Topside (beef) - 50
Nore
:‘}ll salted and presered meats are forbidden.
-~ ——t " -t

-4
z
ERG OO LR

|

. Fisu
Steamed fich fe cnpeles sl 0 Lante -

red mullet, pollan,
fre

g;mer)ved, smoked, salted or tinned fish ate prolubited (e g tinned salmon 18
538/ 25).
Fish ot advised include crab, haddock, flat fish, lobster, mussels, oysters
(595/0.1), sea trout, whiting and winkles.
1sh pasteis prohibited
Fish cakes made without salt and deep fried in olive ol are recommended

Fruir
Permutted Permytted !
Apples + - - 3 [z0] Greengages © 1434
Apricots © 1 J3af Oranges + 29}9
Bananay + 12{70| Peaches - - 27[13
Blackbernies - - 37| '8 Pears - - - 23|18
ernes » - - 28 | 16| Pineapple - 17|29
urrants - - . 27110 | Plums - - <+ 17|22
Dates- . 47 a7 Quinces - 32| 8
F o - 1626 Raspberries + + 25 | 10
Gooseberry -+ 12]31] Rhubarb cas]ozs
Grapes » 16|30 | Stawberness - 15{17
Grape-fruit - - 141 16
Note
¥hese are average samples of fresh fruits
She only doubtful fruns are melon (19 §/1) and passion fruit (30/1)
© ‘IICWe;i frutt is best, because of its higher calorific value, ¢ g. stewed apples
170)
gmned fruits m syrup are also good .
G r;ed frutts are leys beneficial, e . tnned apnicots (o g/62), dnied apricots
3

Preserved olives (2,250/0 05) are forbidden
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Nurs
Almonds - 58100
Branls e - 15430
Chestnuts - - - 109 16
Hazelnuts - 14} 28
Watnuts - - z7(35

Note
‘These are average examples of fresh nuts.
Obrously salted almonds and peanuts are forbidden.

VEGETABLES
Permtted Doubiful ' Forbidden
Artichokes Artichokes, Beetroot + 64 |07
(root)- 26 7.3 globe - b64fr11 Carrots -+ * 50103
Asparagus 29 10° | Broadbeans 196 |z lery - 137|007
Butter beans 162 6 age ~10 job Radishes + 59 | 025
French beans 3.4 2 | Caulflower- 11 tx Spinach- - 123 | 02
Hancot beans 15 6 | Cucumber - 13 ' o7
Runner beans - 33, 2 \lustard and i !
Sprouts 77 2 “10 o3 1
Leeks 64 4 \cw pomoes v 405 )2 |
Lentils - o4 10 edes - 14-4 | 1 |
Lettuce a1 33 Tumnpr - 28 'os i
Marrow 12 6
hlushrooms, !
fried i 20 |
Onions, bodcd 66 2 |
102 2 b
fned 20 18 ,
Parsnips PR {
dried 126 8 1
Potatocs, botled 3.4 25 |
roast 86 14 |
Tomatoe: - 28 5
Tomatoes, fried 33 21 |
Note

Vegetables must be coohed free from salt. ‘They must not be mashed with
marganneé or salted butter
N Tinned, or otherwise preserved, \egetables, e g. tinned peas (260/0.3), ate
anned.

SwEETS
Sugar (0.3 984} 2dds 2 low sodium high calonific value to most sweets,
Plain chocolate (18 6 29) is better than milk chocolate (93 4/6)
Honey {10.7 26) and jam (15.9 16) are recommended
Goldess syrup {230 1), chutney (150/1) and mincemeat (200/0.5) are gro-
hibited
Toffee {115,3 5) and black treacle (96/2.5) should be asoided.

BevEraces
Permitted Prohibited
Coffce - - - ©3 18 Bournuita 360 |1
Lemonade 0.5 ! 100 al s.sﬂe ooz
Tea- - - - o3l 2 Cocoa - Tbsajoy
Beer- - - - 35 1 3 Horbichs - 650 | 06
Wme - - - Marmute - - 6,136 { 0ot
Spumts - . ] Onaltne - - 23015
{ Ozo Cubes - 10,600 | 002
Viol - - - 374t
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Conontests
Pormteed Prolulnted
Gunger + + - 3¢l 5 Curry 350 ©oF
Mustard 5o Halt 3%590 o
Pepper - - Tl
Vinegar: - - 21, oz

Caxes anp Pastries

Most of these work out at 130, 3, approx.

Doughnuts (60/6), vatmeat Fiscurts made without salt and wth fard instead of
marganine, shortbread (86/6), sponge cake (79 4}, apple charlotte with suet on
top sastead of margarine, apple dumpling {2975), apple pudding (48,5), jelly
(89 5), pancakes (837}, and cereal puddings made with drluted mulh and no
margzrine are permitted,

Foods tade with soda bicarbonate are not alowed (e g dumphng)

Yorkshire pudding made without salt is permssible.

Currant eale, ingey cake, and Swiss roll should be avoided.

Gevesar Rutes

No free salt or ordinary saft substitutes, no salt in coohsng  Sodwum free salt
substitutes, usually made with potassium, such as neo-seleron, are permitted

No foods made with bahing powder,

No medrcines containing sodim

No preserved, salted, smoked or tnned fooda {except dried and tnned frmy).

Dilute mulk swith equal parts of water

U!;xdnppmg, fard, oltve o1f or suct mstead of butter or marganne, wherever
Ppossshie,

Supply ealonies chiefly with selected cereals, cream, fat, fresh meat, potasoes,
sugar, sueets, frust, and muts

Avoud bread, bread substitutes, certamn cereals, marganne, salted buter,
cheese, bacon, sausages, meat exiracts, shefl-fish, fish paste, certamn segetables,
and mufk beverages

Acupuncture When cdema 15 gross and fasls 10 respond 16 the measures
Previously authined, 1t may be necessary to resort to acuspuncture A tri-
angular cutting needle 15 used and about 4 dozen punctures are made
€achleg; the patient ss then seated in a charr with his fegsna b Tofacile-
1ate drainage, the legs may be swabbed doswn with warm citrate solution
from time to time Due pic must be d Flnd
may continue to exude for twenty-four to forty-etght hours, and 1t 1s not
uncommon for the total quantity to be measured 16 gatlons Southey’s tubes
constitute a cleaner way of removing flud on the same priaciple Several
farge-bore needles are wserted into the subcistaneous tissues of the thighs
or calves, and flud ss allowed to drain away through attached rubber tubes
IO 3 contamner

Attacks of paroxysmal cardrac dyspncea or of aeute pulmonary edema
are treated by methods designed to lower the venous fithng pressure as
Quickly as passsble and so to reduce the output of the right ventracte The
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sitting posttion will usually have been adopted afready by the patient Mor-
phune, } to 1 of a grain (16 to 2t mg ) intramuscularly, or ¢ of 2 gram (11
mg.) ntravenously, depresses the excited respisatory reflexes and soothes
the patient. Venous tourmquets may be apphed round the thighs, to trap
bload 1 the legs, or venesection may be preferred. Theophylline-ethylene-
diapune (ammophyline), 0.24 to 0 48 G. intrasenously, lowers the venous
pressure mmmedistely, relieves bronchual spasm, and may have a direct
stimulating action on the heart (g 5.02) Tetrasthylammonsum bromide,
200 to Joomg mtravenously, 1s a useful agent for loss ering venous pressure,
and may reheve attachs quuckly (Hayaard, 1948}

Digexn and strophanthun are probably best avoided in view of their
pressar actsons, indeed, paroxysmal cardiac dyspneea may occasionally be
mitiated by mtravenous digosan,

Oxygen 15 of hittle value m parovysmal cardiac dyspnara, for the asterial
oxygen saturation 1s normal, but may be given with advantage in acute pul-
monary edemna Niketharnide 1s dicated, for the aim is to depress
respiration, not to strmulate 1t Adrenahine 1s dangerous m 1schemic cases
because 1t may provoke angima pectorts, paroxysmal ventricular tachycardia
or ventricular fibritlation; but it may be given m small doses subcutaneously
to relteve bronchial spasm in hypertensive cases Atropme should be
avorded, for 1t has no therapeutic value and causes unnecessary tachy-
cardia

Cheyne-Stokes breathing may be abohshed by carbon dioxide and res
hieved by oxygen, as already stated, but 15 best treated by an msravendus
myection of 024 10 048 G of theophylhine-ethylenediamme. The effect
tasts for s1x 10 esght hours and thus ensures a good mght’s rest According
to Marars and MeMichael (1937), 1t 15 the ethylenedhamme racheal which
15 responsible, but other workers {e g Nothanson and Fuegibbon, 1939}
bave reported equally good results with theophyliine alone or with other
theophylline salts These f find are not ssanly contra-
dictory, for both may be effective, the ethylenediamne radicat by direct
action on the respreatary centre, theophyiline by smproving the state of the
arculation

Theophyllne may also be gnven by-mouth i doses of 0.2t00.3 G four-
hourly, pot only to prevent paroxysmal cardiac dyspnoa and Cheyne-
Stokes breathing, but alsa to lower the venous pressuse i congestive heart
failute, Larger doses (0.4 to 0.5 G.) may be tried, but usually have 0 be
abandoned owing to dyspepsia.

Dramatic results may follow treatment directed against the cause 0]1]1’
underlying heart disease 'This applies particularly to cases of thyrotowcosts,
anerma, ber-bers, arterto- enous aneurysm, and anoxic pulmanary heart
disease,

1f, in spite of all these measures, heart failure continues, an attempt May
be made to reduce the oxygen requirement and therefore the work of the

heart by means of thiouract] or total ablation of the thyroid gland The former

-



HEART FAILURL 191

1s preferable because the treatment can be abandoned if unsuccessful.
Relatively large doses are necessary, usually 06 to 09 G. daily Propyl
thiouracil is advised, for 1t 1s less toxic than other preparations. It must be
admitted, however, that results are far from satsfactory. Radioactne
iodine offers another means of inducing artificial myxoedem1 (Blumgart
et al., 1950)
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SYNCOPE

I VHERL are many causcs of transient loss of consciousness, am! a u;:‘li
plete list would include the causes of epilepsy, coma, ccm;ussmn,ous-
asphyxia; but syncope has come to mean transient loss of consm\ -

ness of sudden onset due to inadequacy of the cerebral blood flon Ass

H H <, vaso-vagal,
defined, syncope may be dnvided into cardsac, vasomotor or vaso
cerebral and anoxic forms,

CARDIAC SYNCOPE

Carduac syncope occurs when the heart, through some fnu}t n “S'F‘llf c;
inits great vessels, fails to maintain an ad cerebral e
faults are listed for convenience as follows:

Carduac standstill - vagal inhabstion,
Ventricular asystole ~ Stokes-Adams fit.
Ventricular fibrillation,

Ball-vatve thrombus or pedunculated myxoma.
- Aortic stenosis,

N L]

Paroxysmal thythm changes with extremely rapid sentricular rates
Massive pulmonary embolism.
. Cardize ¢ ion from h

The immediate cause of such syncope 1s a sudden fall in cardiac output
The practical mechanism whereby the heart fails to fulfil its task vanes
according to the lesion

In cardac standstill, ventricular asystole, ventricular fibrillation, ball-valte
thrombus, and pedunculated myxoma, loss of consciousness 1s abrupt and
without warning "The attack may occur at apy time while the patient is
walking, standing, sitting, or lymng. At first, the patient 1s grey or white,
flacerd, Pulseless, and motionless. ‘The heart sounds are naudible, but
TeSPIrations may continue, In about 10 to 15 seconds anoxic twitchings
begm and may develop 1nto convulsions 1f the attack lasts long enough. If
tecovery does not ocour withim two minutes, death usually results Cardiac
and ventricular asystole usually recover well within that trme, commonly
within 5 to 20 seconds, but ventricular fibrillation 18 usually, though not
Necessarily, fatal, Ball-yq) t bus and ped d myxoma are rare.
€turn to consciousness 15 abrupt and complete and 1s followed by a vivid
flush, hyper-ox

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

oo~1

q
dium

Sinilar attacks of uncertain mechamsm may occur 1n aortic stenosis As
~
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a rule, however, syncope 1n aortic stenosis is the valve lesion
acting merely as a predisposing factor.

Heart rates up to 200 per munute m paroxysmal lackycardia are usually
well tolerated, but syncope may result if the rate 1s much faster. Speeds of
over 300 per minute have been recorded.

Massive pulmonary embolism may cause syncope when more than twe-
thirds of the arculation 1s blocked. The onset 15 sudden, but rarely so
abrupt as w the group just mentioned. Moreover, it may be preceded
by pain or tightness in the chest The duration of unconsciousness 13
longer, being usually measured 1n munutes or even hours, Recovery 1s
at first only partil, extreme famntness persisting During the attack the
pattent 1s imp, grey, sweating and breathless The pulse is thready or
imperceptible, the heart sounds faint or inaudible, the blood pressure jow
or unobtainable,

Smaller pul y embols, it sertously to embarrass the cir-
culation, occassonally cause reflex syncope (page 449) Such reactions may
be prevented by means of atropine Simular attacks may be encountered in
cases of acute myocardial infarction These should not be regarded as

ples of cardiac syncope, for the h 1S

Cardiac compressson must be gross to reduce the cardiac output suffi-
ctently to cause loss of conscrousness. This condition may be fulfilled by
heropenicardium due ta rupture of an aneurysm, dissecting or saccular,
or to perforation of the heart from bullet or stab wounds, or spontanecusly
through 2 myacardual mfarct or ventricular aneurysm.

Byncope assoctated with aortic i p 18 usually in
origin, the lesion acting only as 2 predisposing factor, for the peripheral
resistance 1s already low.

From this brief survey 1t will be seen that syncope associated with cardac
disorder 1s of two matn types, that in which there ts an abrupt and gross
fall in cardiac output (true cardiac syncope), and that m which the heart
leston pred to yncope. A third type is anoxic and is seen
1n congemal heart disease with right to left shunt.

Further details and treatment of the various forms of cardrac syncope are
considered elsew here.

VASOMOTOR SYNCOPE
Under this heading may be grouped all varieties of syncope in which the
cerebral blood flow fails as a result of a sudden fall 1n blood pressure duc
1o collapse of the petipheral resi Ths includes the faint,

ETIOLOGY

Vasomotor syncope may be initiated by a critical fall in central venous
pressuse, by chermucal agents that cause sudden pr»nfuum-l~ vasodilatation,
ar by stimulation of an assortment of receptors which excite a vaso-vagal
reaction {Lewis, 1932). Particular causes are listed helow:
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Causing critical fall in central venous pressure
1. Hemorrhage .
2. Loss of plasma into wounds, burns, crush injuries or gassed lungs
3. Loss of plasma into the skin or tissues as a result of allergy, e.g
generalised urticaria and Quincke's cedema
4. Venous tourniquets on the thighs
5. Orthostatic hypotension
6 Qther forms of postural hypotension

Chemical agents causing sudden profound vasodilatation
1. Acetylcholine and other cholinergic substances
2. Histamine
3. Tetraethylammonium salts
4 Nitrites

Stimulation of other receptors that excite a vaso-vagal reaction
Psychogenic disturbances

Carotid sinus cormpression

Extreme pain

Myocardial infarction

Pulmonary embolism

Meéniére’s syndrome

ELE YR

Ths list is by no means complete, but 1t includes all the common causes
of vasomotor syncope.

MECHANISM

Syncope from hzmorrhage has been thoroughly investigated in blood-
donors, As the blood volume diminishes, the venous pressure falls and the
cardiac output is reduced C riction may temporarily
marntatn the blood pressure The fant, which 1s associated with a sudden
fall 1 blood pressure and pronounced bradycardra, appears to be due to
sudden vasodiatation in muscle (Batcroft et al, 1944) Tlus vasodilatatzon
1s mediated by vasomotor nerves (Barcroft and Edholm, 1944) Whether
thus reflex is excited by the fall 1n venous pressure or otherwise 1s unknown,
but 1t 1s clear that diminution 1n the blood volume 1s not directly responsible
for the faint, for the cardiac output may not alter at the eritical moment—
the peripheral resi simply collap

This sequence of events has also been demonstrated when syncope results
from the prolonged application of venous tourniquets to the thighs, and
probably occurs 1n all cases of syncope 1tiated by a critical fall i central
venous pressure (Sharpey-Schafer, 1944) Venous tourniquets on the thighs
act as a “blaodless venesection” by trapping blood in the legs. Fainting in
soldiers on parade, who may have to stand at attention for leng pertods, 1s
believed to depend on similar factors The fall i central venous pressure
nitiating orthostatic syncope foll lumbo-d

18 duﬁ,..
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to abolition of veno-motor tone mn the lower half of the body. Veno-mator
paralysis may also be partly re sp ble for fainting following the inj

of tetraethyl: salts Sp toxic, and ¢ 1 ortho-
static syncope may also be due to loss of veno-motor tone.

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

Syncope from chemical agents which cause sudden profound vasodilatation
1s directly due to collapse of the peripheral resistance The blood pressure
falls steeply, but the cardiac output may be rarsed, and there is usually
tachycardia instead of bradycardla Heat, gross aortic incompetence, and
other 1l predisp to syncope by lowering the pen-
pheral resistance.

The stmple psychogeme fant 1s imtiated by emotional disturbance, or by
stimulatton of the afferent component of a conditioned reflex; both result
in 2 powerful autonomic discharge The type of emotion usually responstble
is 3 mixture of fear, amazement, and curiosity, as may arise when a nurse
sees a thoracic paracentesis for the first trme, or when a hypersensitive
subject witnesses a street accdent. The vasomotor centre appears to be
suddenly depressed, and there are d cholinergic festations. the
chief result 1s gross vasodilatation. This is certamly not in the shin, which
15 pale and cold, but may be i muscle or in the splanchnic bed The peri-
pheral resistance collapses and the blood pressure sinks rapidly. As the
cerebral blood flow depends cheefly upon the blood pressure, 1t becomes

d , and 1s lost. Sp recovery is inevitable
for lhree reasons first, unconscmusness abolishes the trigger, secondly,
Iiberated acetylcholtne, upon which many of the features of the attack may
depend, 1s rapidly destroyed by choline esterase; thirdly, the horizontal
position naturally adopted by an unconsctous subject mncreases the cardac
output and s favourable to the cerebral blood flow .

Carotrd sinus syncope 1s smid to be of four mam types which may be repro-

IR VAP SRS o ne 10’ and Vol ae vma Fonc'e {Tnang

S1- ] ! | -1 !
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Fig. 6 01—Carotid ainus pressure causing cardiac standsull.
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pressure and with marked slowing of the pulse rate 1f the latter 1s restored
to normal by atropine, consciousness is not regained, 1f the blood pressure
1s restored by any means, consciousness returns even though the pulse
remains slow. Jtis the fow blood pressure and not the slow pulse rate which
is responsible for the syncope. This type corresponds to vaso-vagal syn-
cope Third, carotid sinus pressure may induce syncope associated with 2
profound fall in blood pressure without slowmng of the pulse rate Ttis
doubtful if there is any fundamental difference between these two forms of
attack, for not infrequently the first type merges nto the second, mdeed 1t
o= ttam enermected that initial slowing of the heatt occurs 11 all cases, but
- .+ ¢ - +talow blood pressure
. Weiss and Baker describe a fourtittypeus 2. = 4 ing from carotid
sinus pressure, in which the blood pressure and pulsc rate are unchanged,
and refer to it as cerebral syncope. “T'his appears to be allied to epilepsys for
o reduction of cerebral blood flow can be demonstrated
Spontaneous carotid sinus syncope may occut 1n rare nstances The
organ is hypersensitive and may be excited by sudden pressure of the neck
againsta tight collar, The condition may be cured by carotid smus dener-
vation. -
Reflex syncope from pain, myocardial mfarction, pulmonary embolism,
ctc., is similar in mechanism to the simple psychcgerhc faint

CLINICAL FEATURES AND DIFFERENTIAL DIAGNOSIS
“The chief chinical problem 1s the differentiation of vasomotor OF Vaso-
vagal syncope from eprlepsy. The difficulty lies in obtaimng accurate data,
for the evidence in the first placeis entirely fustorscal, physxcnl examnation
1s almost valueless, as both are disorders of function, not of structure
Further, the statements of witnesses, and not only Iay Witnesscs, are
noxfxrlausly .umehah\e‘ In making a diagnosis reliance should be placed
on information ganed by thorough observation of a spontancous or nduced
attack Certain psychuatric or physical features may favour psychoneurosis
on the one hand, or epilepsy on the other, but undue & eight should not be

attached to this
Th? rf\aJOIity of epileptics have no warmng whatsoever 1f they have an
aura, itis odd, and 1s not related to the antonomuc nervous system In sharp
contrast, Vasomotor syncope 1s ushered m with numerous signs and symp-
toms of z2utonomic disturbance, € g Yawning, pallor, sweating, coldness of
the shn, a sinking feeling in the pit of the stomach, general muscular
weakness, subjective changes of temperature, 2 feeling as 1f the blood was
- s and nausea, desire to mictu-
fantness, and so forth

' fen 1t 1§ INStaNtaneous; at
one moment the patient is 1 full possession vt hus senses, a split second
later he 18 unconscious. This means that he 13 unaware of the onset He
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may have a fit at night in bed, and know nothing of it. Patients with vaso-
motor syncope, on the other hand, feel themselves fainting They lose
consciousness gradually, and although the onset may be described as quick
or sudden, 1t 15 never abrupt

The epileptic may have a fit at any time: when he 15 walking, standing
still, sttting, lying, or sleeping, when he is in company or alone, but rarely
when his attention 1s concentrated Psychoneurotics famnt when standing
up, rarely when sitting, and practically never when lying, they faint in
company or when i reach of company, rarely when alone. They are
especially liable to attacks 1n closed spaces, in church, in the cmema, and
1 circumstances that provoke emotional disturbance.

In epilepsy, muscle tone 1s usually increased, so that the patient falls
ngid like a nine-pin, or if heigt d tone is asy rical or local, he may
fall 1n 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 flacaid 1 vasomotor syncope, so that the
patient collapses like a house of cards, his final position being determimed
by gravity

There are so many varieties of epilepsy that it 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 rigid phase of grand mal,
to clome or regular jerking movements of hand, trunk, or limbs, to con-
yugate deviation of the eyes to one side, to Jacksonian 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 in 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 light, the corneal reflexes absent, and the
plantar response extensor.

During the rigid phase of grand mal breathing 1s impossible: the subject
becomes tncreasingly cyanosed, the pulse rate and venous pressure rise, and
the heart pounds. During the physical effort associated with clonic convul-
sions the cardiovascular system behaves as it does with ordinary exertion.

In vasomotor syncope the patient lies flaccid and inert, in a sprawled or
crumpled position, and may well be on his back. He is deathly white, and
often cold and clammy. The eyes may be open or closed, the position of

the upper lid being governed by gravity. The pupils are dilated, and may

be insensitive to light, the reflexes and tendon jerks absent or depressed.

e : T - ! °' ' The essential feature

50 or 6o mm. Hg;

e . . + is slow, normal or
quick. In severe attacks sfight t\\'itc}}ing may be secn but is unge & on

The epileptic attack is measured in sccunds.or minutes, and lasts
Jonger than three minutes. Vasomotor syncope is more variable, igh
short duration may last much longer, even up to

usually of
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Consciousness is regained as abruptly as it is lost in cpilepsy, it 1s regained
gradually in vasomotor syncope.

The epileptic may complain of headache and 1! after an attack,
and of generalised muscle pains and aches after grand mal, but 1f he does
not pass off into a deep sleep, and if he does not suffer from post-epileptic

ism, he recovers pletely at once, After vasomotor syncope the
patient feels weak and 1li; he may complain of headache, nauses, or vomt-
ing, of a continued feeling of faintness or Light-headedness, of trembling
and shaking, or of cold sweats. He rarely recovers completely for half an
hour or so, and usually likes to lie down until he 1s better

Unfortunately both epilepsy and vasomotor syncope may be complicated
by superimposed hysterical reactions, which bemng more dramatic tend to
impress both patient and witnesses to the exclusion of more vital pheno-
mena. This is one reason why historical diagnosis 1s often so difficult Pure

hystencal fits have to be differentiated and this may not alsays be easy,
cithf:r by cross-examination of the patient or of a witness Hysterical
patients, however, never have an attack when alone, neser hurt themselves,

and mav caranmabo o a. o

L RN

longer, allld ©on recovery (‘hey do not camplain of sore tongue, sore muscles,
or of having urinated. Despite all these points of difference, 1f both patient
and lay observer are bad witnesses, the distinction between epilepsy,
hysteri, and some other form of syncopal attack may be difficult. In such
cases elcclro-cncephnlugraphy may be helpful, or the patient may be
admutted to hospital for observation, and 1f no spontaneous attacks occur,
one may be induced by the water-pitressin test, which depends upon the
power of water retention to precipitate an attack of epilepsy.

The patient 15 put on an ordinary diet and made to drink at least stx pnts
{3 5 Litres) of fluid daily When the body weight has increased by at least 3 Ib.
(1 5 kg.), which usually takes about 48 hours, he 15 given o 25 ml of pitressin
satramuscutarly and 300 ml, of water by mouth, thereafter he 1s given o.§ ml of
)I)nrcssm and 300 mi, of water every two hours, to a total of ten doses 1f necessary.

0 epileptic subjects a fit 15 commonly produced after about the fifth or sixth
mjection, and allows a correct diagnosis to be made i over 85 per cent of cases

Aquther simple diagnostic method 13 the hyperventilation test, which
may induce the Patient to have one of his attacks

Vasomator or Vvaso-vagal syncope imtiated by hemorrhage or by any
other physical state which lowers the central venous pressure, does not
differ chimcally from its psychogenic prototype Careful analysis of the
¢ircumstances under which the famnt occurs may indicate the nature of the
causal agent.

Syncope may be produced by the intravenous snjection of acetyicholine,
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mecholmn (acetyl-beta-methylcholing) and dory! {carbo-amino-acetylcho-
hine). Loss of i 1s preceded by flushing and a fecling of warmth
due to vasodilatation, and by ing Thereis ly abdominal colie,
nausea or vomuttng, and desire to micturate or defiecate. The bload pressure
is Jow, but the pulse rate accelerates Patients may complain bitterly after
reganing conscrousness, saying they feel “dreadfully weak”, as of they had
been 11t for months, Ordmary therapeunc doses of mecholin and doryt
rarely cause syncope; the dose must be large and given intravenously.
Symptorms are relieved at once by 1 to 2 mg. of atropine.

The intravenos ingection of histamine raay also cause syncope due to gross
general vasodilatation and collapse of the peripheral resistance Loss of
consctousness ts preceded by flushing and headache

An interesting and not uncommon form of syncape in elderly subjects

f 1

may be closely d wath flushing It is din T
women and occasionally m men at the chimacteric. Both flushes and fainting
d following the ad ation of stilbestrol, 1 to § mg. daily

PP

Méniére's syndrome ar aural vertigo may occasion difficulty 1n dhagnosis.
Vertigo 15 usually recogmsed by ts spinning qQuality, but occasionally there
is no sp g, but merely d imbalance, ot sudden attacks m
which the subject 1s thrown wiolently forwards or backwards. Conscious~
ness 1s not lost, however, tinnitus is usually associated, and deafness can
nearly aluays be demonstrated.

TREATMENT OF VASOMOTOR SYNCOPE

The causal agent should be 1dentified and counteracted when possible.
Orthostatic hypotension may be improved by an abdominal binder, or by
bandaging the imbs Provocatne postures should be avoided, and patients
should be instructed to stand up slowly Sulbastrol may be tried in meno-
pausal subjects.

Psychogenic syncope calls for reassurance and psychotherapy, for the
fear of famnting encourages the famt Fortunately there 1s no danger
attached to vasomator syncope Patents usually have sufficient warning 10
ward off attacks by lying down, or by sitting with the head between the
knees, Cool fresh air, and bathing the face with cold water are helpful.
Brandy, sl volatile, and other shmulants may also be given, or a glass of
cold water may be preferred. Half an hour on a couch 1n quiet, comfortable
and sympathetic surroundings consolidates recovery

CEREBRAL SYNCOPE
Cerebral syncope may sesult from cerehral vascular spasm or transient
occlusion. The fault is local.
H)pcrvcmihz'xon syncope is the best example Forced breathing results
3de washout with secondary tissue alkalosis. Carbon dioxide

in carbon dio !
ordinarily helps to maintain an adequate degree of cercbrat vasoditatation
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{Noreross, 1938); its fach causes cerebral vasoconstriction This induces

dizziness within a minute in most normal indiiduals undergomg foreed
4 s "

hing. If hyper is d long enough syncope may
occur. Spontancous attacks are seen in hystera and sometimes i en-
cephalins lethargica, There is usually associated vasoconstriction n the
extremities, with paller, cyanosis, and tinghng of the fingers 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 be used as a test w cases of syncape, to discorer
whether an attack can be reproduced It should be remembered, howerer,
that epilepsy is sometimes excited by hyperientilation, sa that the dgnosis
depends upon the nature of the induced attach, not upan the simple fact
that conserousness is Jast, The effeats of spontaneous hypert entilation may
be 4uickly abohshed by the inhalatson of carhon dioxide This may be
accomplished by bireathing in and out of a paper bag or long rubber tube

Loss of consciousness due to hypertensn e encephalapathy or to cerebral
vascular Jesions with or without associated spasm of cerebral vessels 15
usually called comna, unless convulsn e epilepsy oceurs Embohsm, howerer,
especually when due to air or fat, may provoke an attack which fulfills the
definition of syncope. The anset is abrupt, and recovery may be remarhably
glﬂc‘k and complete if the embolssm moves on, or if spasm passes off sud-

Ry,

Loss of consciousness occasionally occurs m Méniére's syndrome, but 15
then probably a vaso-vagal reaction

{!:Iateml caratid compression, an old ju-pitsu tnick, 1s a most effective way
of inducing unconsciousness 1 an adversary

ANOXIC SYNCOPL

Lass of consciousness resulting from most causes of ano«ia 15 descnibred
as asphyxia or coma, Anoxic syncope, however, may occur w congenital
heart disease with right to left shunt, when some factor suddenly reduces
thcvamoum of blood sent through the lungs’ this factor may be somethmg
which increases the volume shunted, such as effort or screaming, or 1t may
be something which reduces the venous feturn to the right aurncle, such as
21 ill-advised venesection, or the sudden adaption of the upright posture
by a bed-ridden patient

Syncope i pilots used to be due to anoxa at high al ntades, but this has
been overcome by the controlied use of oxygen Nowadays it 15 chiefly
assactated with power dives, and 1s governed by centrifugal forces Syncope
m }na:mic subjects 13 usually vasornotor or vaso- agal, aneraea merely
acting as a predispesing factor
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CHAPTER VIL

CONGENITAL HEART DISEASE

ONGENITAL anomalies account for 1 to 2 per cent of all cases of
organic heart disease (Brown, 1939) They are not hereditary and
they ate rarely familial. The majority are due to defective develop-
ment between the fifth and eighth week of feetal hfe; some depend upon
Petsistence of certain parts of the feetal circulanon which should become
obliterated at birth; a few appear to be caused by infection i utero or are
Kssqcialcd with German measles mn the mother {Swan, 1943). Other con-
genital abnormalities are found 1n at least 10 per cent, especially arachno-

dactyly and mongolism Thwins, whether dizygotic or 1dentical, are rarely
both affected, .

CLASSIFICATION

It has been Customary to divide congemital heart disease into acyanotic
and cyanotic forms, and to subduvide the latter into types with permanent
cyanosis (morbus ceeryleus or blue babies) and types with late, termnal
Of transient cyanosis (cyanose tardive). This has never proved entirely
satisfactory, and a new classification 15 therefore offered It 15 based on

.2 series of 200 proved chinycal cases (Wood, 1950), and takes function into
account,

NO SHUNT

GENERAL LEFT-SIDED RIGHT-SIDED

Dextrocardia

Idsopathuc hypertrophy
on Gierke's disease

Heart Block

Fanuhal cardiormegaty

Coarctation of the aorta

Right-sided aottic arch

Complete or ncomplete
aortic rings

Bicuspid sortic valve (or
supernumerary cusps)

Aornc or subaortic sten-
oss

Left coronary artery anis-
ing from pulmonary
artery

Idiopathic dilatation of
the pulmonary artery
Simple pulmonary sten-

osis
Ebsten’s disease

Yy
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WITH SHUNT

ACYANOTIC
LEFT TO RIGHT SHUNT
(pulmonary plethora)

CYANOTIC
RIGHT TO LEFT SHUNT

|
Left ventriculer enlargement ’ DIAIINISHED PULAIONARY ALOOD FLOW
Patent ductus ‘ LOW I' A PRESSURE
Ventnicular septal defect (with or 1 Left tentricular enlargement
without mitd pulmonary stenosis) Tricuspid atresia
Perforated aortic sinus into PA or 2 Rught ventricular hy pertrophy

RV (orRA) Fallot’s tetralogy
Aorto-pulmonary septal defect Pulmonary atresta {Tallot
type)

Right ventricular enlargement
Atrial septal defect Pulmonary stenosis with re-
Anomalous pulmonary sems joming versed nteratrial shunt

SVC orRA HIGH P A PRESSURE
Eisenmenger’s complex
Pulmonary hypertension with
reversed aorto-pulmonary,
interventricular  or snter-
atrial shunt
PULMONARY PLETIORA

| Transposition J

Persistent truncus

DEXTROCARDIA

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

prmrrrer— e -

— rdrogram showing reversal of all complexes in lead 1, while leads 2
Fig 7 or—Electrocardiog and 3 ate interchang,
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IDIOPATHIC HYPERTROPHY OF THE HEART

A rare condition not often compauble with more than a few years of bfe
15 that ch ised by general g of the heart progressing to
early failure. Some of these cases have proved to be examples of Von
Gietke’s disease, the enfargement being due to glycogen retention 0 the
muscle fibres of the heart as welf as in the Iner and other organs There 1s
acetonuna, a fow fasting blood sugar, and a flat blood sugar curve followsng
the injection of adrenaline, indi faslure of mobil of glycogen
Others are due to an anomalous origin of the left coronary astery from the
pulmonary artery (Bland, Wiite and Garland, 1933). Yet others prove to
be cases of isolated myocarditis {Fredler’s carditis) There remains a group
in which the etiology 15 obscure {Kugel, 1939), gross thickening of the
endocardium with embryonic myxomatous tissue richly supphed with
elastic fibres {fibroelastosis) is nsually found ot necropsy, and may be the
primary developmental defect {Glynn and Reinhold, 1949)

The heart is grossly enlarged, but remains normal an shape There are
RO murmurs or other special features, The diagnosts depends on the finding
of gross cardiac entargement for no apy season The p 1s bad
and these is na effective treatment.

FAMILIAL CARDIOMEGALY

From time 1o time, cases
of idiopathic cardiac en-
latgement are encountered 1n
young subjects, for which there
1§ 45 yet no adequate ex-
planation Xerays show con-
suderable cardiae enlargement,
pattculasly of the lefr ven-
tricle (fig 702). Left bundie
branch hiock 55 usually faund
These patients are apt to die
suddgnly, presumably  from
ventricular fbriffation, or by
degrees from congestive heart
fadure  when sell relatively
Young

Some of these cases appear !
te have a famihal basis {Addaru )

e al, 1946, Evans, 1947) *
Necropsy “reveals hittle  but
cardiac * enlargement  Von  Fig 7o2—Unexplamed cardise enlargement

. stz relatsely young man (there was also left
Grerke's disease, 13otated myo- tundle branch black)
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carditis, nutritional cardiopathies, and abnormal coronary vessels must
be excluded.

COARCTATION OF THE AORTA

The word coarctation comes from the Latin coarctatus, meamng
pressed together, tightened, or contracted. As appled to the aorta 1t
means a stricture of the arch, usually just below the origin of the left
subelavian artery.

Embryology. It will be recalled that there are two primitive aortas, each -
having a ventral and a dorsal part jomed by an arch These three parts are
called respectively 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 pnmutive heart, the truncusartertosus, and the common ventral
aorta. The two 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 € ding to the six branchial arches (fig. 7 03a). In fishes these si<
vascular arches perstst, and
supply the gills with blood for

oxygenatton
In man and mammals
g subsequent  development is

illustrated m figure 7o03b
The first, second, and fifth
arches disappear, The third
becomes the common carotid
artery, the external carotid
- springing from it anteriorly,
@ ® the mternal hnking up vi2

Fig 7 03 (a)~-The six primitive aortic arches
(b) Subsequent arrangement of the s1¢ pnmi-  the cramal portion of the
tive aortic arches in man (see text). dorsal aorta. The fourth arch
becomes the proximal part of the subclavian artery on the right side.
and the final aortic arch proximal to the junction of the ductus arterosus
on the left. The sixth arches are separated from the aortic system by the
aorto-pulmonary septum which divides the truncus into anterior and
posterior halves- the anterior half becomes the ascending aorta, the posterior
the pulmonary artery. The division of the truncus extends cranially to 2
point just beyond the anterior ends of the sixth arches, the mouths of which
are included in the postenior section and therefore in the pulmonary system.
On the right side the sixth arch becomes the right pulmonary artery and
loses its connexton with the right dorsal aorta; on the left it becomes the
left pulmonary artery and preseries its connexion with the left dqrs.:l] aorta
in the form of the ductus arteriosus. While these changes are going on,
harmonious alterations take place in the ventral and dorsal aortas. In front
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the two ventral zortas fuse into a single ascending aarta, as already indi-
cated Behind, the dorsal aaras und go considerable mod the
upper part forms a portion of the internal carotid artery, as previously
described; the segment between the third and fourth arches disappears,
caudal to the fourth arch the dorsal sorta disappears on the right sude,
eveept for that part of is which is incorporated tn the right subclavian
artery, and forms the pasterior part of the aortic arch on the left side The
feft subelmian artery hinks up with the left dorsal zorta Just below the
junction of the sixth arch, i, just below the ductus

Many anomalies may result from faulty development of this aaruc
system Thus, the caudal part of the right dorsal aorta may perssst, so that
there are two aortic arches; or the caudal part of the Jeft dorsal aorta may
disappear in faour of the right, so that the final aartic arch 1s nght-sided

¢ most important, however, 1s partial obliteration of that part af the left
dorsal aorta which lies between the fourth and sixth arches, i.e Just aborve
the ductus, or between the sixth arch and the pomnt of fusion of the two
dorsal aortas, i.e. Just below the ductus This shore segment of the aorta 18
often called the isthmus on
account of the frequency with
which it §s narrowed; but in
caarcxafion oristhmus stenosis
nassowing is extreme and
often remarkably ab}upt.
There are o main types,
infantde and adyfy {Bonner,
1903) In the former (fig. -
7042) the constretion 13
abave the ductus, which re- @ » i

Fig 7 o4~Dugmams iMustrating the three
TANS  patent and  carpyes man types of coarctation of the gorta
venous blood o the descend- {a} Infannie ;‘ypz with patent ductuy feeding
f - bel . the descending anrta
g aorta: being meomparible (b) Common aduit tpe
with more than 2 fey years of  {c) Aortic atresia with patent ductus feeding
tife it will not he further con- the ahole system.c exreulation

sidered. In the fagter
constriction 1 below

(fig. 7.04b) the ductus 1s closed, or of patentzthe
! it, so that st plays no part in compensating for the
d'efcct. Aortic atresta wygh a patent ductus feedng the whole systerme
cireulation (fig. 7 04} constitutes 3 thurd type (Bramwell, 1g47), but such
cases all dre in infancy Other variants of these three main types have been
deseribed by Evang {r933)
Heemody namses The chnical features of the adult form of coarctation
depend wpon the mechanical effect of the constrction and upon the
nsive collateral airculation Much use 13 made
of the branches of the subclavian artery, eg the supenor mntercostal,
and the internal Y, with sts L supersor epigastrie, and
musculo-phrenie rarmy; also of the thoratic and subscapular branches of the
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axillary artery. These vessels hnk up with the mtercostal branches of the
descending aorta, and with the inferior epigastric branches of the femoral
arteries, and so by-pass the constriction. The blood pressure 1s elevated in
vessels anising from the aorta above the isthmus; below it the systolic
pressure 15 reduced and the diastohie raised, the mean pressure often being
still above normal. The cause of the hypertension is uncertain. The raised
mean pressure in the legs does not support the mechanical hypothesis.
Renal 1schaemia was blamed by Rytand (1938) on the grounds that hyper-
tension was only produced experimentally when the aorta was constricted
above the onigin of the renal artenes; but the renal blood flow in clinical
cases of coarctation appears to be normal. The truth may not be discovered
unti the cause of essential hypertension 1s known.

CLINICAL FEATURES

Coarctarion occurred 1n 8 per cent of the author’s series of 200 cases of
congenital heart disease. It 1s saud to be 4 to § times more common in men
than i women, but in the author’s series the sex incidence was equal.
Hypertension is usually considerable m degree, and may be discovered in
childhood. Patients may complain of nose-bleeding, or of undue throb-
bing All the usual features of hypertensive heart disease are present, and
this 15 responstble for death from congestive fallure 1n about 4o per cent
of cases (Abbott, 1928) Renal failure does not eccur because the kidneys
are protected by the lesion, but cerebral accidents are not uncommon.
Other symptoms include gnawing pams in the shoulder girdle, chest or
back; cold feet, and ally i laudication,

‘The major penipheral arteries should be palpated as a routine in all cases
of hypertenston, In coarctatton, femoral pulsation is not only feeble, but
delayed, and pulsation in the postertor tibal and dorsal arteries of the feet
may be absent If the blood pressure in 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 directly by means of a needle in the femoral astery and an electrical
manometer, the dustolic pressure is found to be rarsed, though the systolc
15 reduced. mn other words, the blood pressure i1n the legs approaches the
mean pressure, the amphiude of pulsation being dumtmished (Brown et al.,
1948)

A nutral diastohic munmur is by no means uncommon, even in early
childhood, and is usualfy attributed to coincident rheumstic endocarditis or
to established mutral stenosis There 1s no esidence as yet that such a
murnaur is ever functional 1n coarctation,

The collateral crreulation provides the majonty of the physical signs,
enlarged tortuous vessels giving rise to unusual pulsations and murmurs.
Pulsation of some of the intercostal artenes can usually be seen and felt
posteriorly, especiatly if the subject bends forward, and may be ass'ociaged

with similar murmurs, Radiography may reveal notching of the inferior
borders of the ribs (fig. 7.05) due to pressure erosion (Railsbach and Dock,
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Fig 7 66—Vreualisation af cotrctation of
erosion from enlarged % s v means af snmocatdonTaps
arctation of the aorta Cortery of Ly Wallace Brigden)

“aomhic knuckle™ 1 elongated, and

formed by 2 grossly enlammed lefr subelasan
aree

oy,

3926); this may be seen in children 2s young as stx, but 1s more obvious
in adults,

‘The constriction itself is difficult fo see fluoroscopreally, but may be
demonstrated clearly by means of angiocardiography (g 7 o6) (Grishman,

teinberg and § , 1941}, or rad .—';(B{"d“" Hanson
and Karmell, 1948). Hypoplasia of the aortic knuckle, 25 seen in the ardmn?;
antero-posterior skiagram, is suggestive, especially when assomated watl
left sentricular enlargement. A double aartic knuckle, representing the
blind ends of the anria above and below the constriction, is dugnastie
{Bramwell, 1947); it is usuat for the upper knuckle to be elongated, bemng
formed by a grossly enlarged left subclasan artery (fig. 5 03)

ASSGCIATED PHENOMENA

Bicuspid aortic valyes may be associated (X1 per cent mn Abbott’s sertes
(1928}, 42.3 per cent in that of Reifenstein ef al. (1947) ), and may lead to
aortic incompetence under the stress of the hypertension. Patent ductus
arteriosus, with the usual chinseal features, occurs 1 yo per cent of afluh
coarctations (Bramuell, 1947) Owingto the high pressure gradient between

the arch of the z0rta and the pulmonary artery, the blood flaw through the
a

f the

P
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Fig 7 o7 (a)—Coarctation of the aorta asso- Fig 707 (b)—Sundar case, but without
ciated with patent interventricular septrum necropsy prool
proved at necropsy

ductus may be enormous- the pulmonary vessels are thus unusually dense
and dilated, the left auricle may resemble that in mitral stenosis, and there
15 often a mitral drastolic 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 is associated with
patent interventricular septum, the igh pressure 1n the left ventricle
causing an unusually large left to nght shunt. In a case investigated by the
author and subsequently proved at psy, the mean pul y arterial
pressure was 130 em of saline, whilst that in the right 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. Clinically, coarctation of
the aorta was recognised by the presence of high blood pressure in the
carotid and subclavian arteries (160/100 mm Hg in a boy of six) with an
lmmcasurahlc pressure 1n the lcgs, but there was little evidence of 2
1 circul ‘The y arteries were grossly engorged

radmlog:cnlly (ﬁg 7 a7a) thc‘rc was a pulmonary diastolic murmur at the
_——- Py “-*pl!c

T wved
s eter

[N AR P A iy
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jdings, the raised onygen content of the nght ventricular sample bang
tributed to pulmonary incompetence, At necropsy, coarctaton of the
etz of the adult type nas associated v itha large defect of the membeanous
\tenentricular septum. The zortic cusps wele normal, the aortic nbg
dminsed only the Hule finger, and the ascending aarta was small The
efect in the septum admined the middle finger, whilst the pulmenary nog
dmitted both middie and fore-fingers. A xery ‘small patent ductus joined
he aorta below the isthmus, Although the buge pulmonary artesy dud not
it astride the septal defect, there could be no doubt that the major poruon
of the laft ventricul: ntents was expelied nto that vessel The mitral
diastofic murmur was shearly functional, for there was 1o SgR of mitral
stenons Woth ventricles were greatly entarged, the left retathing 1S natural
dominance. A sccond example in 2 man with preasely the same clincat
features is Wustrated in fig. 7-07b. Cordiac cotheterisation excluded atral
septal defect, but did not distinguish patent ductus th pulmenary meom-
petence from intesventsiculer septal defect The patient died later from
congestive heast failure, but there $vas na RECTOPsy.

Bacterial endartentis may affect the isthmus, or an assoctated bicusprd
ortic vahe. 1t derelops in about 20 per cent of cases Beryy aneurysm may
accur in the region of the arele of Willis, and may sesult in subarachnaid
Juemorshage, especially in those with higher blood pressures Death from
subasachnoid hamorrhage occurred in g per cent of 200 cases reported by
Maud Abbott (1g28) Sometimes there s po aneurysm, but the medsa or
elasti tissue is defectrve (Glynn, 1940) Simular defects may be found m
the aorta and may be respensible for the frequency ~with which 1t ruptures
{1g per cent of Abbott’s series.) Variations tn one of other subdlavian artery
oceur m about § per cent of cases (Kang, 1937), and ma¥ be due to its
anomalous (Eask, 1932) or stenotic {Love and Holms, 1939) ongi

PROGNOSIS AND TREATMENT

Although many patients live well mta muddle hife without seous handi-
cap, some exen to the eighth decade, the majonty succumb between the
ages of 20 and 40 1o enc of the compheations mentioned above (Abbott,
1928). The average age of death 18 33 (Resfenstesn, Levine and Gross,
1947) Susgical repair {Crafoord and Nylin, 1943) should therefore be
offered The physiologieal results of such an operauion are usually good
the blood pressure fals, symp ppear, the heart b smaller,
and 1t may be assumed that the nsks of sntracramal hamorrhage, aortic
rupture and bactenal endocarditss are diminished  Crafoord (1948) had
successfu}\y vepaired 22 cases with only two deaths up fo July 1947- The
ages of his patients ranged from 171 to 27, but late childhaod (age B to 12}
may be the best tune for the operation, Of §3 cases openated on by Gross
{2949), there were 7 deaths, 4 failures, and 41 cures, 1 thus senes there
were eight additional cases that were considered moperable A mortality
rate of 16 per cent amongst 128 surgteafly treated cases m different centies
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was reported by Shapire (1949). The chief dangers appear to be sudden
cardiac asystole when the aorta is clamped, especially if a large left sub-
clavian artery has to be mncluded 1n the clamp, and tearing out of sutures
from a hypoplasic aorta distal to the constriction. Pre-operative preparation
and choice of anmsthetic designed to prevent an undue nise of blood
pressure when the aorta is clamped, may help to reduce the first risk.

BICUSPID AORTIC VALVE

Breuspid aortic valve cannat be diagnosed clintcally without aortic ncom-
petence or superimposed bacterial infection The former 1s unusual unless
there 1s hypertension or mfection, for a healthy bicuspid valve may be
competent aganst a normal blood pressure Bacterial endocarditis attacks
about one~quarter of all cases

AORTIC STENOSIS

Aortic valvalar stenosss 15 rare It differs lutle from acquired aomc
tenosis, but may be it d by stunted growth and weak physteal
development The majonty die young.

Subaortic stenosss 15 perhaps less rare (2 per cent). The lesion, which
affects the outflow tract of the left ventricle, 1s due to defective absorption
of the primutive bulbus cordis A perforated membrane hes proximal to
the valve The clinical features differ from those of valvular stenosis 1
that the aortic second sound 1s clear, the penipheral pulse usually normal,
the left ventricle but hittle enlarged, and the prognosis, apart from the rish

x tent The di

of bacteral endocard: gnosis is not excluded by the
deposition of calcrum. Some of these cases are mistaken for the Maladie
de Rager

Both forms are more common i males than 1n females.

IDIOPATHIC DILATATION OF THE
PULMONARY ARTERY

Cases are seen occasionally with considerable dilatation of the pulmonary
artery without obvious cause (Laubry, Routier and de Balsac, 1941) If
there is fi i pul ry p ¢, the nght ventricle enlarges
and partial or complete nght bundle branch block may follow, as in atrial
septal defect, The pressures in the right side of the heart are normal, :’md
the pulmonary blood flow is not creased, The X-ray appearances differ
from those of A.S D, in showing normal pulmonary vessels beyond the
two main branches. The prognosis is relatively good.




CONGENITAL HFART DISEASE 213

ATRIAL SEPTAL DEFLCT
Embryology. Atrial scptal defect refers to a relatively farge non-vabvalar
opening in the atrial septurm, through which blood rmay flon erther way
Embryologically, the atnial septum is formed i the first place by the sickle-
shaped septum primum which grows fornards from the dorsal wall of the
common auricle, dividing it into tvo For a time, communication exists
between the tno auncles in front of the creseentic edge of the growing
septum. §f development is arrested at this stage, a septal defect results and
is situated in the lower anterior pant of the septum pust below, and usually
including, part of the fossa ovalis When growth proceeds normally, this
hole is obliterated and a new one, the foramen ovale, appears s the upper
and dorsal part of the septum primum; arrest at this stage results m a defect
Just abore the site of the fossa ovalis With further normal desclopment the
foramen orale comes to fie more anterrorly, and 1s turned nto a sabve by
the growth of the septum secundum on the right side of the septur prmum
and cotering it at all points except over the area hnown 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 orvale the septa arc fully developed, but mperfectly
fused. When pressure is apphied to the rght side of the fossa ovabs, the
sepla ate parted, blood penetrates between them and escapes into the lefs
auricle through the patency 1n the upper part of the septum primum known
as the foramen erale proper. In fretal life, the relauvely high pressure m the
right auricle keeps the valve open, and causes blood to be shunted from
right ta left in order to mvoid the pulmonary circulation At birth the pres-
sure 11ses in the feft auncle and forces the septum primum agamst the
septum secundum, thereby closing the vahe In 8o per cent of all indns-
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 Oceasiy 1t causes terminal n d
such as pulmonary heart disease 1n which the nght aurtcular pressure may
come to exceed the left
A cardiac catheter may shp through a patent foramen osale into the left
auricle without difficulty, and may enter the left venencle {fig 7 oBa) or any
of the pulmonary vems (fig. 7 o8b) The p and el 1p i
1n these chambers taay thus be obtamed in favourable cases, tncluding
otherwise normal hearts The mean left auncular pressure appears to be
31050m of saline ghose the sternal angle, and 1s distinetly higher than the
sight Pulmonary venous samples have always been about 95 per cent
saturated with oxygen, whatever the patent's condition {this includes
Fallot’s tetralogy and other eases of cyanoue congenutal heart disease, but
Aot anouc pulmonary heart disease) Uncomphcated patent foramen ovate
is easily distingmished from atrial septal defect because of the absence of
any apprectable inter-aumcular shunt, as judged by samples from both
auricles and their sespective venous systems
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avale proY ed
catheter has
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towards the end of the

catheter represents the foramen ovale

g 708 (by—Patent foramen
by cardia¢ catheterization the
entered a pulmonary
taut The shatp angle

Fig 7 og—Catheter 18 Teft atrial appendage
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SUCORI-1
(2) Facies (mote brfarerat

tesdectomy)

(c) Sprder fingers

Fig 7 1o~ case of arachnodactyly
Thia pateent was 6 sgh and also showed hypotora, scalosis, 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
horder of the heart between the pulmonary arc and left ventricle {fig
7 09).

Heemodynamies The defect 1 the septum 1s usually 1 to 3 om. mn dia-
mezer and carries a considerable shunt from left to nght auncle, the
pressure beng higher on the left Oxygenated blood 15 thus added ta the
normal sntake of the right ventricle, the stroke output of which 1s cor~
respondmngly mcreased. The sunation 1s met by rnight ventricular enfarge-
ment and dilatation of the pulmonary artery. Left aunicular leakage deprives
the left ventricle of sts full intake; the left ventricular stroke output is
dummished, the left ventnicle and aorta hypoplasic, and the pulse small
Progressive nght ventricular enlargement eventually leads to falure: the
pressure 1 the right auricle then nises, and 1f st exceeds that in the left, the
shunt 1s d and cy develops. Acqui 1 y hypertensson
may have a sumlar effect

Incrdence A ST accounted for 17 per cent of the author’s unselected
series of 200 proved cases of congemtal heart disease. It shows a strong
preference for females, the sex ratio bemng 4 : 1 11 thesr favour. Associazc.d
mitral stenosis (Lutembacher’s syndrome} s remarkably common, especi-
ally m females, being present in about 33 per cent of all cases. Other valves
may also be affected, and adhessve perscarditis 18 not mfrequent It may
be sigraficant that cases of arachnodactyly, which appears to bear some
relationship to atrial septal defect, are also prone to develop rheumatic
manifestations

Arachnodactyly (fig 7 10) 15 an heredstary and famulsal disorder of meso-
blastic growth, and is charactenised by elongation of the fingers and toes,

then facres, tall lean busld, hypotonia (and 1ts consequences), dislacation of
the lenses, hugh arched palate, and pigeon chest, Cardiac abnormalities,
espectally atrial septal defecet, are associated n 4o to 45 per cent of cases

CLINICAL FEATURES

There may be no symptoms until the third or fourth decade, effort
toferance being good, and cyanosis absent; hemoptysss did not oceur in 62
cases analysed recently at the 1 of Cardolagy, Be the ages of
23 1o 45, however, congestive fufuse usually develops, and may be asso-
ciated with the sudden appearance of central cyanosis

Physical signs include a small or normal peripheral pulse, a normal
Jugular venous pressure without a conspicuous“a™ wave; visible or palpable
pulsation of the pulmonary artery and outflow tract of the right ventricke,
a pulmonary systohic rurmur with or without thrll, and a widely split
second sound at the hase, without accentuation of the sccand or putmonary
element; not infrequently there is also a basal diastolic murmur due to

jonal pull v i p (Graham-Bteell murmur). At the
apex beat only the tap of mitral valve closure may be discerned, but

< P




Tig 7 r1—Shiagram of a case of atrial sep(zl

defect, showing gross diatation of the pul

monary srtery and 1ts branches, ¢nlnrg¢mcn!

of the right auricle, and hypoplasts of the
aorta,

(2) Antero-posterior vaew (8) Furst obhigue pasivon showing dilatation
£ the left auncle

- Fig 7 12— Listembacher's syndrome.
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oceasionally the carduac impulse is tumultuous, beng formed by the dis-
tended nght ventricle,
Fluoroscopy in well de-
veloped cases (fig. 7.11) reveals
gross  diatation  and  con-
spicuaus pulsation (hilze dance)
of the pufmonary actery and sts
branches, considerable enlarge-
ment of the nght auricle and
ventricle, hypoplasia of the
aorta and left ventncle, and a
flat left auncle In Lutem-
bacher’s syndrome {fig 7.r2}
the left auncle 1s afso enfarged
and the night more so In less
advanced cases, however, and
espectally . chiddren, the
changes descnibed may be much
less nonceable (fig. 7.13)
Electrocardiograms  show
. partial or complete right bundle
Big 7 13—Atrial septal defect n a chold aged OFIRCh block in g5 per cent
10 of cases {fig. 7.14). Auricular
fibnllation oceurs in 10 to 20
per cent and 15 usually due to assocrated mutral stenosis. The extraordinary
frequency of nght bundle branch block 1s mieresting 1 view of the refa-
tively low pressure in the nght ventricle, and suggests that difatation of
that chamber is » bie The wide sphitting of the second heart sound
may well be due, at least in part, to the conduction defect
The dignosis may be proved by obtaining samples of relatvely oxy-
genated blood from the nght auticle, nght ventricle, and pulmonary antery,
by means of cardic catheterisation, when samples from the vene cave
show ordinary venous blood (Howarth, McMichael and Sharpey-Schafer,
1937) In twenty-five cases iavestigated by the author (fig, 7 15}, samples
obtaned from the nght auricle, nght ventnicle and pulmonary artery
differed hitde, and ranged between 81 and go pier cent saturated with
axygen, caval samples bemng normal (62 to 73 per cent saturated) Samples
from the pulmonary vemns, left auncle, left ventricle and femoraf artesy
were always between gt and 96 per cent saturated Mean pressures in the
uimonary artery were lower than expected, all but one ranging betweert
fand B mm Hg above the sternal angle. The mean left suricular pressure
was distinetly raised, and was 10 cm. of saline i one case, presumably
because of 1he increased quantity of blood i the lungs. This suggests
that an atraal septal defect smatiates a vicious circle, for the shunt apparently
increases the pressure grahent between the two auricles—as long as the




Fig. 7ty ~Electrocardiogram m a case of ataat septal defecs showing
7ight bundic branch block

A.S.D.
Frg 7 15~Functional studies m atrial seprat
defect (Pexamean pressure m om of sabme
above the sternal angle)
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night ventricle functions efficiently. Simple caleolations reveal that the pul
monary bloed flow 15 usually two to three times the systémic flow, and is
of the order of 10 to 15 Iitres per minute.

Angiograms are less helpful, but an aruficial shunt from right to left
auricle may be demonstrated sometimes, owing te the sudden rise of right
auricular pressure resulting from the large bulk of fAluid myected so quickly
and forcefully

PROGNOSIS AND TREATMENT

Up to the age of 25 or so there 1 httle disability, but the sivuanion may
change radically during the fourth decade, when heart fislure (and perhaps
permanent cyanosis) may develop. Bacteral endocardits is extremely rare.
The average age of death 15 35 to 36, with or without mitral stenosis
{McGinn and White, 1933, Roesler, 1034), but several cases over 7o have
been recorded

Restriction of effort 18 advisable, even when there are no symptoms, fof
the right ventricle must be spared unnecessary work. Should permanent
central cyanosis develop, digitahs and mercurial durretics should be given
whether or not there 1s auncular fibniation, and whether or not signs of
systermc congestion are apparent, for heart failure must be inferred {unless
there 1s tncuspid meompetence).

Surgical repair is mn the experimental stage (Murray, 1948).

VENTRICULAR SEPTAL DEFECT

Ventricular septal defect commonly refers to an isolated defect of the
membranous part of the internventneular septam due to. fatere of the
aottic septun ta fuse with the v fac septum. D d cf dly for
the first time by Roger {1874}, the leston has been said to accouat for 35 t¢
37 per cent of all cases of congenttal heart disease recognsed at school ag¢
(Perry, 1931, Mur and Brown, 1934). Such high figures probably include
mstances of subaortic stenosis, simple pulnonary stenosts, mitral incon-
petence, and nnocent parasternal murmur.

In the authot’s sexies of 200 proved chinical cases of congenital heast
disease, ysotated VS D occurred m 1z per cent, and V S.D. with simple
pulmonary stenosis 11 an additional 2 per cent

HAEMODYNABICS

Functional studies by the author m 16 unselected cases of V.S.D. have
shown mean pulmonary artery pressures of 7 to g3 mm. of Hg, the
pressure besng proportional ta the shunt and to the peripherat pulmonary
resistance. The fatter was increased in three and reduced in four. True
pulmonary hypestension from an increased resistance was not due o the
size or duration of the shunt, but to some inherent or prcdcrcrmmed
factor. Samples from the right auricle have been normal (58 to 76 per cent
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saturated with oxygen). At a low level in the right ventricle, just proximal
to the pulmonary valve, and in the main trunk of the pulmonary artery

saturation figurcs were similar and were in the region of 81 to 86 per cent
saturated,

Fig 7 17—Skiagram of a case of ventncular
Roger—X-ray septal defect with considerable increase of pul-
monary blood flow

Fig 716 —Maladie de
appearances

ﬁ“'ghe degree of shunt from left to nght ventricle may be calculated by

ing 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—p a—v

where O 15 the oxygen consumption m ml per minute
a1 the oxygen content of artersal blood
P Is the oxygen content of pulmonary artery blood

v is the oxygen content of mixed venous blood tn the right
auricle,

ﬂI: t‘lile cases mentioned above the pulmonary blood flow ranged between
I and

4 times the systemic flow, and was usually between 11 and 16
L /min,
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CLINICAL FEATURES

The majonty have 1o symptoms, but severe cases may develop con-
gestive failure in chiddhood or adolescence. There is no cyanosis,

The pulse ss small or normal, and the jugular venous pressure normal or
shghtly raised, The cardiac impulse 15 left ventnicular in type and usually
hyperdynamic, the nght ventricular outflew tract 1s mclined to be lifung,
and pulmonary artery pulsation may be visible or palpable. A systohe
thrill and murmur are tearly always present, and are commonly mawumal
1 the third and fourth intercostal spaces at the left sternal bordey, but
may be higher A functional mitral duastolse murmur due to a torrential
mutral blood flow s heard in at least half the cases and 1 nearly aff severe
cases. The second heart sound at the pulmonary arex is normally split,
the second or pulmonary ek being ly ace d. A fune-
tional pulmonary diastolic murmur eccurs m about a quarter of the more
severe cases

The electrocardiogram 1s normal in mild cases, but shows prominent
Q waves and tall R waves (with or without T or U wave changes) m left
ventnicular surface leads, and conspicucus secondary R waves without
much widening of QRS m leads V1 or V2, 1n the majority, appearances
suggesting both left and night ventricular enlargernent

X-rays reveal pulmonary plethora, a varying degree of dilatation of the
pulmonary artery and left ventricular enlargement in all but the mildest
cases {figs 7.16 and 7 17), app: that are indistingmshable from
those of patent ductus.

It will be apprecated that these chinicsl features are not those described
by Roger 1¢ 1s suggested, therefore, that the term Malade de Roger
should apply only to muld cases which show nothing abmormal apart from
the Roger thnfl and murmur, 1& 1o sbout ane quarter, of at most ooe
third, of all cases of VS D

In differential diagnosss the maladie de Roger must be distinguished
from mnocent parasternal murmur, subzortic stenosts, mld pulmonary
stenosts and organic mutral incompetence V.5.D. in ats wider sense IS
more likely to be confused with atral septal defect or patent ductus
atteniosus. 1 due regard 18 paid to the quality of the carduc impulse, 10
the nature of the pulse, and to the electrocardiogram, 1n addition to the

site and character of the murmur and to the X-ray appearances, a correct
clinical diagnosis 1s usually possible.

Cascs that develop true pulmonary hypertension are in danger of se-
versing the shunt should thes occur the situstion would be chmieally in~

distinguishable from the Ei 1 plex (page 244).

“There have been some interesting eases in which characteristic signs of
a ventricular septal defect discovered in childhood have disappeared w ith
advancing years, Whlst it is difficult to prove that these were not examples

of innocent left parasternal murmur, it bas been suggested that spontaneaus
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ohbliteration of small defects may sometimes occur {Parkes Weber, 1918)
The prognosis would be good in mild cases were it not for the 25 per
cent rish of bacterial endocarditis, When this occurs, embols are confined
to the pub y circulation {unless mf spreads to the saruc valie),
vegetations occusring sound the defect on the right v entricular side, and
on the opposite wall of the right ventncle where the shunted bloed stream
impinges Patients nith pulmonary plethara are in a different category, and
may dse from congestine heart faifure in adolescence (Baldwn, Moore and
Notle, 1946).
No reparati is yet g lable, but Murray (1948)
has made the attempt. Mild cases should be encouraged to lead normal
unrestricted fives, but severe cases need care and should bt thew physical
activities. Dental treatment, sore throat and other pyogemic mfections
should be covered by 2 short cousse of pemailin to prevent endocardins

PATENT DUCTUS ARTERIQOSUS

Incedence. Whilst failure of the ductus arteriosus to clase withun a few
months of birth 1s often associated with other congenital anomalies, 1ts
relatiyely common alone, especially 1n females, the sex incidence being 2 1
i therr favour (Benn, 1947). It was the man or sole feston 1n ¢ 2 per cent
of 1,000 cases of congemtal heart disease collected by Abbott, and ac-
counted for 14 5 per cent of the author’s series

Heamodynamues The ductus connects the left branch of the pulmonary
artery with the arch of the aorta just opposite the orgin of the left sub-
clavian artery As the zortic pressure is higher, the blood flow 18 fram aorta
to pulmonary artery, and sis degree depends not only upan the size of the
ductus but also upon the pressure gradient between these two vessels
There 35 thus an 2ortic feak, the equivalent of an aneriovenous shunt, and
a ratsed pressure and blood flow n the pulmonary artery The volume of
blood entering the feft aurscle 1s greater than normal and the left ventricular
stroke and mmute output are wereased. The total blood rolume 15 also
sncreased {Cassels 2nd Morse, 1947)

CLINICAL FEATURES

There are usually no symptoms when the lesion 1s first discovered

Qwing to the farge stroke-volume and sortic leak the pulse 13 abrupt and
collapsing, the pulse pressure rawed, and the diastohc blood pressure rather
low, especially after exertion, when 1t may drop grossly (Bohn, 1938) The
cardiae wmpulse 13 forceful, displaced to the left, and suggests left ven-
tncular enlargement The classical “machinery” murmur (Gibson, 1goo),
usually accomparied by a thull, begms just after the first sound, waxes
tonards the end of systole, and wanes mn late diastole It ts more or less
localised to the second left hondrat space O fly, esp 1
snfants and young children, the murmur 1s confined to systole, very rately
it 18 entirely diastolic, possibly due to pulmonary competence If not

11
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heard at rest 1t may be encouraged by pressor agents, exercise, amyl nitrite
or Muller’s expeniment. It may be reduced or abolished by maising the
pulmonary arterial pressure or lowenng the sortic, e.g. by Valsalva's experi-
ment, breath-holding, making the patient breathe 10 per cent oxygen, of
by hypotensive agents The increased pressure within the pulmonary arrery
causes accentuation of the pulmanary element of the second sound. In
severe cases, a functional mutral diastolic murmur 1s usually heard, due to
dilatation and rapid filling of the left ventricle—hence the not uncommon
mistake of confusmg patent ductus with sortic mncompetence and mitral
stenosis,

Fluoroscapy {figs 7 18 and 7.19) reveals abrupt dilatation and con-

P pul of the pul y artery, pulmonary plethora, enlarge-
ment of the left ventricle and fullness of the left auncle (Donovan, Neu-
hauser and Sosman, 1943) In contrast to ateial septal defect and mtral
stenosts, but hke hyperkinetic pulmonary heart disease, the aortic
knuckle 15 normal or prominent A local bulge m the region of the
aortic isthrus can be demonstrated by means of angiocardiography in a
Iimited number of cases, and
15 thought to represent the
widened mouth of the ductus,
or possibly a traction aneus- "
yom of the aorta (Steinberg,
Grishmanand Sussman, 1943?
With suitable technique, angi
ocardiograms may also show
the pulmonary artery fillmg
twice, first from the right ven-
teicle, then from the aontd
Retrograde aortagraphy offers
an alternatrve means of obtain-
g good angiograms.

The electrocardiogram ¥
usually normal; but when the
ductus 1s farge there may b2
evidence of left ventricular
hypestrophy, (fig. 7.20) Bx-
reme cases may show the

Fig 7 s8—Shsagram of a case of patent ductus i
showing enlarrement of the Jeft sentricte. s Classieal  electrocardiographic
lietle dilatation of the pulmonany artery changes of pross left ventri<

cular enfargement (fig. 721>

The diagnosis may be prosed i doubtful cases by means of carduc
cathetenisanon (fig 7 22). Samples of blood from the superiar venu cav,
right auncle and right sentricle are notmal (about 7o per cent saturated),
whereas samples from the pulmonary artery are usually 8o to 83 per cent
saturated, Slight admisture of astensal blood m nght ventnicular samples



Bz 7 29=Shasram of 3 mae agvanced case of pateat duciue, showing conderable
the vessels m addition to

Sitstarion of the patmenaty setery



Fig y 20~Electtacardingram n 2 case of patent ducras shass gy deft tentrowlar enlasges
2 s2xong QR pattemn with s exced U waves 1 Jesd Vs,

ment There 1

rrz

7 b e et

3

Fig 7 20~Gross left ventricutar prepondesance in a case of patent ductsn
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should be left alone Bacterial endocarditis should be cured by means of
penicillin, if possible, before submitting the patient to operation.

The chief dragnostic errors that have resulted in fruitless thoracotomy
have been due to mistaking some other source of a continuous murmaur for
a ductus: a normal venous hum at the base of the neck in a child, arteno-
venous aneurysm of the lung, and perforation of the sinus of Valsalva into
the pulmonary artery or nght ventricle may be responsible for such a
murmur. In cyanosed cases a machinery murmur may be due to direct

i bet\\'een bronchial and I y arteries.

Al!hough hes and the heart decreases
1n size after successful ligation in most instances (fig. 7 23), 1reversible
changes are encountered occasionally, and for this reason severe cases
should not be left too long

PULMONARY STENOSIS

Pathogenesis. Subvalvular stenosis 1s thought to be due to arrested evolu-
tion of the bulbus cordis, most of which should become incorporated 1n the
right ventricle (Keith, 1909) The obstruction 1s in the outflow tract or
conus of the right ventnicle. Thete are two kinds 1n one the primtive
bulbus forms a separate chamber between the pulmonary artery and right
ventricle and communicates with the latter by a small lower bulbar orifice
which 15 the cause of the stenosis; in the other the conus is 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 is then represented by a conical membrane with a small
arcular hole m the centre, or the cusps may be fused m a manner resem-
bling mflammatory stenosis

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 is usually valvular, and cases are acyanotic until reduction of
cardiac output and iction lead to a
stuggish surface blood flow In other words, cyanosts, when 1t occurs, 13
peripheral, not central, the artertal oxygen saturation being normal The
chief P are pre breathl on exertion and ultimately
those of congestive fallure In severe cases angina pectors and frightening
syncopal attacks may occur.

In relatively severe cases the physical signs mclude a conspicuous *'a”
wave in the jugular pulse (which may be transmtted to the lver), a hlgh
pulmonary systohe thrill and murmur, a single second heart sound, and
a nght ventricular form of cardiac tmpulse. The thnll and murmur may
be lower 1n cases of infundibular stenosis (10 per cent) In mild cases the
cardiac impulse may be normal and the second heart sound clearly split




the pul-

wle pul-
manary artery 2nd hypoplasia of the aorta

Fig 7 24—Skgram of a case of s
monary stenosts showing dilatation of

Vr

imple pulmonary stenosis showing tight

ventncular enlargement,

of & case of &

Fig. 935~ Electrocandiogram
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g usually show dilatation of the man trunk of the pulmonary
artery but not of its branches, hy poplasia of the aorta and left ventricle, and
entargement of the right (fig. 7.24). The electrocardiogram may exhubit the
wsual pattern associated with marked right ventricular dominanee (fig
7.25), and tall sharp P warves similar to those of chronic pulmonary heart
chsease; but in mild cases it is nosmal.

A tugh right venturcular pressure and low or normal pulmenary anery
pressure may be demonstrated by means of cardiae cathetensation

Diagnons When the chief features of a case conform to the abos e descrip-
tion, the diagnosis of simple pulmonary stenosis is probable; but sub-
aoriic stenosis, atrial septal defect and ventricular septal defect must be
carefully excluded, A source of confi 1 d mn
children with poorly deseloped chests, who present a foud pulmonary
systatic murmut and vibratron The mechanism may depend upon the
proximity of the anterior chest wall to the pulmonary artery in thun, fat-
chested indhviduals. Confusion is greater when skiagrams reveal prowmi-
nence of the pul y artery, and el d right avss devia-
tion The final proof may rest with cardrac cathetensanon.

Imestigation of apparently typieal cases by this method may also pro-
vide proof of associated VS D or A8.D. when not suspected. Five
examples {2.5 per cent) have been encountered by the author, lngh nght

dcular § and relatnely low pul, y attery p con-
firming the dignosts of pulmonary stenoss, and partsl admuxture of
attersal blood mto samples obtamed from appropnate chambers proving
the exastence of a left to right shunt Reversal of this shunt ss possible tn
severe cases  Patent foramen ovale without mterauricular shunt was also
discovered during cardiae cathetenssation sn one of the author’s cases This
was 2 girl of 14 with a mean pulmonary artery pressure of § mm Hg and
a night ventricular pressure of 32 The pressure i the nght auncle was 3;
m the left 4 mm Hg If the stenosis becomes a kittle more severe the left
auncular pressure ss bkely to fall and the night to riser she will then
develop an inmterauricular shunt and become cyanosed

Prognosis Bactenial endocarditis and pulmonary taberculosis are impor-~
tant risks Patients who survive these tno esls may reach muddle age befare
dymng from sight ventricular farlure, but the magority succumb when sull
young The average age of death 1n Abbott’s post-mortem series was 20 6
years, the upper heeut bewg 57

TREATMENT

Pulmonary valvulotomy {Brock, 1948) should be cons:dered in severe
cases, but carres too great a isk, at present, for the majonity Life may be
protenged by a sedentary occupation and by hmrtation of effort Com-
5‘{ may be pre 1 '*‘by g g agamnst dental sepsis and throat

g prophy when nd; 4, and by znnual
radrolagical exarunation of the chest in order to detect early pulmonary
tuberculosss at a stage when it may be successfully treated
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PULMONARY STENOSIS WITH REVERSED
INTERAURICULAR OR INTERVENTRICULAR SHUNT
(incidence 2.5 per cent)

Relatively mild or moderately severe cases of pulmonary stenosis may
have 2 patent foramen ovale that 15 functionally closed. A catheter may be
passed through the valve flap into the left auricle and samples prove the
absence of 2 shunt, as described on page 242.

As hfe advances, however, pulmonary stenosis may become more
severe the pressure in the nght side of the heart then nises, and the
foramen ovale may suddenly begin to function and perrmt the passage of
blood from right to left aunicle. Such cases illustrate very well what is
really meant by late central cyanosts or cyanose tardive. Patients with
simple pulmonary stenosis and A.8.D. or V.S.D. may behave similarly.

‘The change 1s apt to occur 1 the teens or early twenties and 1s accom-
panied by the development of breathlessness, and sometimes by syncope
on effort Cyanosis 1s notably vanable and patients may turn almost black
on exertion Simple pulmonary stenosts with reversed interventnicular
shunt resembles Fallot’s tetralogy, but the aorta 1s not over-riding

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

‘The clinical findings 1n cyanosed cases differ hittle in other respects from
severe cases without cyanosis; but skiagrams may show diminished vascu-
lar markings 1n the lung fields (fig. 7 26a) and the heart is usually larger
(fig 7.26b) Desmte the theoretical consideration that the left ventricle is
the better filled chamber, the cardiac impulse retains 1ts right ventricular
quality and the electrocardiogram usually shows extreme right ventncular
dominance (fig 7.27)

It will now be appreciated that there are three main functional types of
simple pul, y stenosi y without shunt (with or without
patent foramen ovale), acyanotic with direct left to right shunt (through
an atral or ventricular septal defect), and cyanotic with reversed shunt
{usually interatrial v1a a patent foramen ovale, but occasionally through an

atrial or ventricular septal defect). The stenosts 1s valvular 1n go per cent
and subvalvular in 10 per cent, and lly there is a sep in-
fundibular chamber. Cyanosed cases are always severe; acyanottc cases may
be mild or severe

Cardiac catheterisation revealed low mean pressures in the pulmon_ary
artery (below 8 mm. Hg) and high mean pressures 1n the right v‘entnde
(over 30 mm. Hg) in severe cases, whether cyanosed or otherwise; and
normal mean pulmonary artery pressures {over 8 mm. Hg) _znd modgr-
ately raised right ventricular pressures (under 30 mm. Hg) in the mild

cases.




Showing dilatation of the pulmonary arc {b} Showmg tonsiderable cardiac entargement
and pulmonary sschwemia and puimonary schamia

Fig. 7 26—Pulmonary valvular atenosis with seversed anteraina) abunt.

Tig 7 27~—Strong nght o dur to pulmonary valuler stenosss math
seversed interanricular shunt
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Typical findings in a severe cyanosed case are illustrated n fig 7.28
Samples from the pulmonary veins were fully saturated with oxygen, but
left auricular samples were only about 70 per cent saturated, showing gross
admuxture of venous blood via the defect. Samples from the left ventricle
and femorat artery were similar and thus excluded Fallot's tetralogy.

The position of the catheter when being withdrawn through a large
foramen ovale or atrial septal defect 1s charactensstic, its transverse segment

B P 805
0, 71%

Fig 7 28—Findings on cardac cath Fig 7 2g~Catheter penetraring the left auricl

in a typrcal case of pulmonary valvular sténosis through an atrial septal defect, showing T

with reversed interatrsal shunt, high position of the later (case of pulmonary
(Pressutes i cm. of saline). stenosis plus AS D )

riding remarkably high m the centre of the heart shadow (fig 7.29) The
position of the catheter when it enters the various pulmonary veins is also
charactenistic (fig 7 30), and 1s usually cotled on the right side. It may be
added that owing to the direction of the interatnial shunt the catheter
tends to pass through the defect very easly, perhaps more readily than
through the tncuspid valse.

Angiocardiography confirms the interatrial shunt by showing immediate
filling of the left heart. Owing to simultancous opacification of both sen-
tricles, it is very difficult to obtamn an unobstructed view of the outﬁq\\'
tract of the night ventricle, and it is usually impossible to confirm the site
of the stenosis by this means.



() Right Joner

{€} Left upper
Tig 7 30~-Catheter lying sn the pulmonaty sesns
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TREATMENT

Pulmonary valvulotomy 1s advised 1n all cyanotic cases with valvular
stenasis, the outlook being otherwise grave. By raising the pressure i the
pulmonary artery and left auricle and lowering 1t in the right side of the
heart, valvulotomy closes or reverses the interatrial shunt {depending on
the anatomy of the defect 1n the atnial septum). If the obstruction to the
right ventricle has been sufficiently relieved that chamber should be able
to cope with its mcreased stroke-volume; 1f not, it 1s liable to fail.

The Blalock-Tausstg operation 1s not advised, because the extra work
falling on the unrelieved nght ventricle consequent upon closure of the
foramen ovale or reversal of the interatrial shunt usually causes early
death from heart failure. Such cases appear to have shown, however, that
mcreasing the pulmonary artery flow does raise the left auricular pressure.

FALLOT'S TETRALOGY

The combination of pulmonary stenesis, patent mterventricular septum,
“ndimng” aorta, and enlargement of the right ventricle is known as Fallot’s
tetralogy (Fallot, 1888), and accounts for 75 per cent of cases of congenital
heart disease with clubbing of the fingers, polycythazmia, and permanent
central cyanosis The stenosts 1s usually subvalvular and is due to great
narrowing and distortion of the nght ventricular outflow tract The pul-
monary artery, instead of being dilated as 1n simple pulmonary stenosis, is
remarkably small and may resemble a vein. By “riding” aorta is meant
displacement of the root of the zorta to the right (dextroposed aorta), 50
that 1t sits astride the septum, and appears to arise as much from the right
as from the left ventricle The assoctation of these three malformations is
no accrdent, but depends upon the same embryological defect, the fauit
tying with arrested evolution of the bulbus cordis with incomplete torsion
A nght-sided aortic arch 1s found in about 25 per cent of cases (Blaloch,
1948)

Hamodynamics Aortic blood s arterio-venous, bemng composed of the
full output of the left ventncle and part of that from the right. The right
ventricle has a double burden, for it must work against a constricted out-
flow tract and compete with the left ventricle against the systemic blood
pressure The situation 1s 1et by great hypertrophy of the right 1 entricle,
the fourth constant finding in the tetralogy. The deficient pulmonary circu-
lation is occasionally 1mproved by extensive deyelopment of the bronchiat
vascular system. Polycythaemia helps to compensate for anovxrmia. Ocea-
sionally the defect is partly corrected by patency of the ductus; but a
continuous murmur on either side of the chest usually signifies pulmonary

¥ h 1
broncho-f Y

atresia with an ext
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CLINICAL FEATURES

Fallot’s tetealogy, includwng three cases of pufm?nnr) atresta, accurred
in 18 per cent of the author's series This figure is probably mfuenced
by shight weighting in fayour of anomalies amenable to surgical reparr

Cyanosis, polycythemia, and clubbung of the fingers may be absent m
infants, but dev efop in early childhood, and tend to be progressne Growth
may be stonted and mental detelopment retarded m severe cases The
chief symptom is breathlessness, and to obtan mavsmum comfort childcen
often adapt 1 characteristic squatting posture {Taussig, 1947) Improve-

{a) Antero-posterior view {b) Second eblique position
Fig 7 35~Shiagram of a case of Fallor's tetralogy showing the creus et sabot

MeNt sometumes occurs owing
to the development of a bron-
chial collaterat cireutation

The pulse 1s apt to be small,
the Jugular vengus. pressure nor-
mal, and pant “a” waves un-
usual The cardrac impulse 13
tapping, and no pulmonary
artery pulsation can be detected
A systolic murmur s usually
heard, being high 1n one third,
and m the Roger area 1n the
remamder

Fi —Reght-sided sortic arch & case of
A tholl 1s fele an hatf the 27 Fallot's tetralogy




Fig 7 33—Angiocardiogram of a case of Fallot's tetralogy showing simultaneous opaci-
fication of the aorta and pulmonary artery, 1¢ a right-left shunt The stenosis appears to
be subvalvular Both pulmonaiy and both subclavian arterses can be seen

Vi

Fig 7 34—Electrocardiogram of a case of Fallot's tetralogy showing marked right ven-
tricular dominance
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) Right artery (15t oblique view) () Left artery {(2nd oblique view)
Fig 7 35—Cathetensation of the pulmonary artery 1n a case of Fallot's tetralogy
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FALLOTS  TETRALOGY Fig, 7 37—Penetration of the foramen ovale

Fig 7 36—Auerage catheter findmgs in Fallot's and pulmonary sems m & case of Fallot's
terralogy (Pressures in cm of saline) tetralogy~

cases, and may be bugh or low. The second sound at the base Js single,
never sphit, owing to the absence of the pulmonary element, and may be
quute loud,

The skiagram 1s usually path ic, and 1s ch 1sed by con-
spicuously clear lung fields due to diminution of the pulmonary vasculac
markings, by 4 notable gap between the aortic knuckle and ventricles due
to hypoplasia of the pulmonary
artery, and by a up-tilted cardiac
apex (fig 731) This 1s the
“caur en sabot”, for 1t resem-
bles the shape of a peasant’s
wooden shoe with turned-up
toe. The effect 18 produced by
cansiderable hypertrophy of the
right ventricle, with displace-
ment of the mterventricular
septum to the left, so that the
left ventricle appears as a small
cap above the right ventricular
apex. Occasionafly the lung

5 Fig. 7 38—Site of abrupt pressure, chanke i
fields present a reticular appear- pulmonary valvular stenosis
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ance, representing develog of the bronchial circulation. In the left
anterior oblique view the heart shadow may be globular, owing to the in-
creased curvature of the right auricle and ventricle. If the aorta is right-
sided, the knuckle may be seen above the right auricle (fig. 7.32) and the
barium-filled sophagus 1s deflected to the patient’s left. The shunt may
be demonstrated by means of angiocardiography (Grishman, Steinberg
and Sussman, 1941), which shows immediate filling of the aorta and great
vessels, and undersized pulmonary arteries (fig. v.33). The antero-
posterior view 1s advised in order to reveal the anatomy of both subclavian
arteries—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 right
aurncular hypertrophy.

Cardiac catheterisation may be helipful 1n doubtful cases. The patient
should receive 50 to 100 mg. of hepann at the start of the procedure
order to the r1sk of paradoxical thromt bolism, and great care
must be taken not to introduce air 1nto the system. Rigd asepsis should also
be maintained, and adequate doses of penicillin should be given for forty-
eight hours to prevent the possibality of subsequent cerebral abscess

In twenty-one cases studied by the author the mean right ventricular

pressure ranged between == <= € e T oo o e A emas ot 40, The
pulmonary artery was er . . + )ressures
falling sharply to less th + he range

being -1 to 47, and the average +3 5 (fig. 7 36). The right auricular
pressure was usually close to zero (—1 to +3). A patent foramen ovale
was penetrated in three cases (fig. 7 37) the left auricular pressure was
higher than the right on each occasion, and samples from the pulmonary
veins and left auricle were about 95 per cent saturated with oxygen, show-
ing that there was no right to left interatrial shunt. The simlanty of
samples from the vena cave, nght auricle, nght 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.

Catheterisation not only proved the diagnosis and degree of Fallot’s
tetralogy 1n these cases, but showed whether the stenosis was valvular or
subvalvular. In valvular stenosis the change from right yentsicular 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
horizontal Line through which has been found to mark the level of the pul-
monary valve in controls (fig. 7.38). In subvalvular stenosis the pressure
changed at a lower level, and sometimes less abruptly (fig. 7.39)- }

Cyanosts, polyeythiemia, clubbing, and a low atterial oxygen saturation
prove the exstence of a veno-arterial shunt, ‘The size of the shunt may i}:

lculated by sub ing the pul y blood flow from the tricuspid
(systemic) blood flow.
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Owing to the scanty pubmonary blood flow, small quantuties of 7o per
cent diodone {5 to 10 mb) mtroduced directly into the pulmonary artery
via the catheter opacify the pufmonary vessels very wel (fg. 7 40}

The & ion of an arm rcut ~tumse of fess than six
seconds (MeGuire and Gold 1937) 15 F dy vatueless, the test
being unteliable, unnecessary, and apt to thrombose precious vems.

The conspicuous rise m arterial axygen saturation that occurs when 2
patient with Fallot’s tetralogy 15 placed 1n 20 oxygen tent has been con-
fitmned by most workers, and has not yet been sausfactonly expluned. The
thesis that the function of the pul y epithel puired cannot be
maintained in view of the fulfy oxygenated satples of blood obiained from
the pulmonary vems in cases with patent foramen ovale

Prognosis. Uncomphicated relatively mild cases may resch muddie hie, but
the majority dic young. Accordsng to Campbell {1948}, only one patent in
ten with congenital eyanotic heart discase reaches the age of 24, snd only
one in five reaches the age of 12, B t endacarditis, pull y tuber-
culosis, pyogenic respiratory snfection, and cerebral abscess from para-
derical embolism {Robbins, 1945), are the most sertous complteations, but
the majority appear to die from asphyaa Congestive fulure 15 rate

TREATMENT

Pxopl.\ylnctxc therapy should be durected agamst infection and avernork
P'}ogcmc_ pulmonary infection may require treatment 1n an oxygen tent
v 18 dicated, for d; mia and syncope may

result,

As a result of Taussig’s observation that sfonts with Fallot’s tetralogy
deteriorated when the ductus arteryosus closed, and that cases compheated
by parsistent patent ductus fared bietter than these w thout, she and Blaleck
devised the anastomons eperation which has proved so successful {Blalock
and Taussty, 1945, Blalock, 1046) One or other subelavian artery 1s anasto-
mosed to the homolateral branch of the pultmonary artery Deter alignment
15 obtamed, as a rule, with the night subclavian; byt the left has a Jonger
sntrathoraes course and 1s therefore easir ta bung down If results are
poor, 2 second anastornesss may be carned out fater on the opposite side.

Anather method of achieving the same abject 13 1o make a direct anasto-
mous between the aortic arch and the left pulmonary artery (Potts et of ,
1346, 1948)

Selection of cases for apesatton should be based on the following critena

t The diagnosis should be proved
= The patient should have suffcient disabilsty {apart from cosmetic
discontent)
The artenial oxygen saturation should be fess than 7§ per cent at
resg
The saean pulmonary astery pressure should be clase to zero, cer-
tamly fess than 1o om. of saliie

w

-~
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5. Both pulmonary arteries should have been demonstrated.
6. Both subclavaian artenies should have been demonstrated.
4. The anatomy of the aortic arch should have been demonstrated.

Angiocardiography and cardiac cathetensation supply most of the re~
quired mformation.

According to Bing (19.47), the oxygen uptake per litre of ventitation does
not mcrease during effort 1n Fallot's tetralogy or in ather cyanased cases of
congenital heart disease that would be improved by the Taussig-Blalock
operation, and the test 15 being used to aid the selection of cases sustable for
surgery.

The best age at which to operate is between 3 and 10 years The physio-
fogical results of technically 1 is are good: cy is and
St L s Phopaa S

(Taussig, 1948); a loud machinery murmur and coarse thrill may be de-
tected on the homolateral ssde immediately after the operation in nearly all
cases, and are permanent. The risks of pulmonary tuberculasisand broncho-
pneumonia are likely to be diminished, but the incidence of bacterial endo-
carditis should not be altered. 5

Blalock’s total mortality rate for this operation is 17 per cent, but this
includes infants (mortality rate 25 per cent), cases of tricuspid atresia and
other anomalies. His mortality rate for selected cases of Fallot's tetralogy
is not more than 10 per cent.

1£ the stenosss 1s valvular, an alternative operation 1s pulmonary vatvulo-
totmy (Brock, 1948). The results in successful cases are satisfactory but the
risks appear to be heavier, Further technical experience, however, may
reduce the mortality rate. Morcover, certamn types of subvalvular stenos’s
may also be amenable to direct attack.

EISENMENGER'S COMPLEX

Relatsvely rare cases oceur 1n which “niding aorta”, patent intersentricu
lar septum and nght ventricular enlargement are associated with 2 normal
night ventricular conus, normal pulmonary valve, and dilated pulmonary
artery (Eisenmenger, 18g7). The riding aorta allows venous blood to
escape into the systemuc airculation, so that shght to moderate central
cyanosis occurs. The prognosss is much better than in Faflot's tetralogy,
the majonty of cases attaining middle life,

‘The phystcal signs include a systolic thatl and murmur maximum at the
third left intercostal space near the sternal border, palpable pulsation ovet
the pul y artery, ion of the second or pulmonary element
of 2 normally split second sound at the base, and occasionally a pulmonary
or aottic diastolic murmur.

Right ventricular enl and dik of the pul y artery
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may be d d by means of electr d phy and X-rays (fig
7.41) The arterial oxygen saturation is reduced, usually to 70 to 8o per
cent, right ventricular and pulfonary artery pressures are rased, nght
ventricular and pulmonary artery samples are similar to samples from
the right auricle and superior vena cava, and angiocardiography (fig. 7 42)
shows simultanecus opacification of the aorta and pulmonary artery

T

Fig 7 42—Angiocardiogram of a case of

¥ —) ” Etsenmenger’s complex showing simultan.
18 7 4t—Eisenmenger’s complex eous opacification of the sorta and dilated
{By courteay of Dr Maunce Campbeln) pulmonary arfery

(Sussman and Grishman, 1947) In two cases nvestigated by the author
a_nd proved with the aid of angrocardiography the shunt was only from
right 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 in one case and 71 per cent in the other, and the pulmonary blood
flow was considerably reduced in both. Unlike Fallot’s tetralogy, however,
the mean pressure 1n the pulmonary artery was high

In differential diagnosis tt 1s well to remember that the majority of cases
that appear at first to be examples of the Eisenmenger complex tum out
otherwise, The following should be considered

3 Ainal septal defect with late reversal of the shunt Wide splitting of the
second heart sound, nght bundle branch, left auricular blood samples con-
tamning 4 proportion of venous blood, and angiocardiograms showing
immediate filling of the left auncle distingwish it

2. Pulmonary kypertension with late shunting through a patent foramen
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ovale. Thus is distingusshed by catheter samples from the left auricle and
by angiocardiograms as described for {1} above. -
Idiopathic pul ry hypertension with late red; w arterial axygen

- fdiop P
saturation. "There 15 usually no pulmonary systolic murmur; pulmonary
venous blood samples are improperly 4, and are similar to samples
from the left auncle, left ventricle and femoral artery; angiocardiograms
show no shunt.

4 Anoxic pulmonary heart disease. This does not cause confusion when
there 1s obvious advanced emphysema, but it may give rise to difficulty
when the degree of emphysema seems msufficient to cause cyanosis, The
absence of an tntracardiac shunt must then be demonstrated.

5. Transposition of the great vessels with patent septa. Cyanosis is usually
earlter in onset. Samples of blond from the pulmonary artery contain more
oxygen than samples from the aorta or perspheral arteries, and samples
from the night auricle are more saturated than these from the venz cavee.
A diograms may be i tusive. Shiag show pul Ty

g
plethora.

6. Ventricular septal defect or patent ductus with reversal of the shunt due
to pulmonary hypertension. Such cases are clinically indistinguishable from
the Eisenmenger complex.

TREATMENT

Blalock’s operation 53 contraindicated, because an artificial ductus cannot
function well when the pulmonary blood pressure is raised; nor is the
artersal oxygen saturation low enough to warrant .

OTHER ANOMALIES CAUSING PERMANENT CYANOSIS

The semasning malformations bisted 1 the classification on page 203
are rarely compatible with more than a few months of hie unless associated
with other l1es that have a f: ble inf} on't d i

Transpositson of the great vessels, the pulmonary artery arising from the
left ventricle and the aorta from the right, results in two independent cit~

t Life depends y polly upon an atrial septal defect whereby
oxygenated blood from the left auricle passes into the sight side of the
heart and so inta the aorta, and upon a patent nterventricular septum
through which venous blood i the night ventricle may be pumped into
the lungs

"The chief presenting features are central cyanosts assocrated with a sphit
second heart d, dilatation of the pul yartery andengorg tofthe
pul y vaseular shadows {fig. 7.43). The ¢} fipgram reveals gross
right ventricular dominance or sight bundle branch block. Cardiac cathe-
terisation shaws that samples from the pulmaonary artery (entesed from the

right sentricle via the ventricular septal defect: fig. 7.44) contam mote
oxygen than samples from the aorta {also entered from the ﬁgf}t ventricle:
fig. 748) oF femorat artery, a state of affairs that can aceur in no other




Fig 7 43~~Skizgram of a case of wranspostion of the great vessels assocrated with atra
and vertrieular saptal defects
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Fig 7

a case of of the great vessels show g penetrationt of

the pulmnnzry artery from the right ventricle via the ventricular septal defect
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Fig 7 45~-Skiagram of a case of transposition of the great vessels showing a catheter
penetrating the aorta directly from the night venteicle
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condition. Aortic samples are similar to those from the right ventricle and
auricle, and contain considerably more oxygen than samples from the
supertor vena cava by virtue of the interatrial 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 89 per cent. The night ventricular systolic pressure equals the aortic
pressure, The pulmonary blood flow 15 greatly increased (g L /min. in the
case cited), the aortic decreased {3 L /min.). Angiocardiography shows
stmultaneous filling of the aorta and pulmonary artery from the right
ventricle. A second case investigated showed no A.S.D., but greater
pulmonary plethora. The catheter was again manipulated into both aorta
and pulmonary artery

Persistent truncus artertosus1s due to failure of development of the aorto-
pulmonary septum, so that a single large vessel arises from both ventricles
Blood 1s carrted to the lungs etther by pulmonary arteries arising from the
common trunk, or by way of the bronchial arteries, Cyanosis 1s minimal
when the pulmonary artertes are present, extreme when the pulmonary
blood flow depends on the bronchal arteries. Radiologically, the aortic
knuckle and vascular pedicle are unduly promment 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 thnll are usually present at the base, and
the second heart sound 1s loud and single. The electrocardiogram shows
right ventricular dommance or nght bundle branch block. Angiocardso-
graphy helps to blish the diagn pecially when the pulmonary
arteries are absent, but app closely ble pul y atresia.

A Blaloch-Taussig operation may benefit those cases in which the blood
flow to the lungs 1s reduced, that 1s those cases with severe cyanosis 1
which the bronchial artenies supply the lungs.

Tricusped atresa with a functionless right ventricle and atrial septal defect is
characterised by ntense permanent cyanos:s due to right to left interatral
shunt, by gross left ventricular enlargement and by electrocardiographic
evidence of considerable left ventricular preponderance. The blood flow to
the lungs 15 greatly reduced and depends upon a patent interventricular
septum, patent ductus, or upon the bronchial collaterals. The latter may
link up directly with the larger pulmonary arteries and cause 2 widespread
bilateral machinery murmur, The dragnosis may be confirmed by means
of angiocardiography (fig 7.46) and cardiac catheterisation, and the
condition may be greatly improved by the Blalock-Taussig operation.




©

Fig X‘J 46 —Angocsrdogram i case of tncusmd atreua (3} Bhowmg dye passing derect

B e (1 second) (b} Showing canty Aliing the teft entricle snd aosta (2 seconds

note bronehsat collatersls in nght upper zone (¢} Seeond oblique posison the Jeft mde
ds (d) At 3 secands & smafl 1eft putmenary sete

the heart and the sara are filled m 2 secon
1¢ becoming visible
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CHAPTER VIII

RHEUMATIC FEVER AND ACTIVE RHEUMATIC
CARDITIS

streptococcal infection: 1ts hall-marks are pancarditis, chorea, stb-
cutaneous nodules and erythema marginatum. It may be acute, sub-
acute or chronic,

R’lEUMA’I‘IC fever is a particular form of polyarthnns following

INCIDENCE
According to the 1927 report of the Child Life Commuttee of the Medical
Research Council, “Social Condi and Acute RY ”, 10 t0 1§

per cent of all children at 12 years of age in England are affected by rheu-
matism. Of 22,800 children under 15 years of age card-tndexed by the
London County Council, 2.6 per cent had had rheumatic fever (Bach et al,
1939) The crude annual death-rate from rheumatic fever declined from 67
per millton persons in 1901 to 22 per milhon in 1937 (Glover, 1939)
During 1937, according to Glover, rheumatic fever accounted for z 3 per
cent of all deaths in children between the ages of 5 and g years

The disease 15 rare 1n infancy and 1n old age, and is most common 1n
childhood and adolescence, attacking the poor rather than the rich, and
having an incid limatically an phucally parallel to strep 1
tonsillitis (Coburn, 1931) The peak mcidence 1s 1 children between the
ages of § and 12, particularly during the months of October-November and
of January-February. Apart from arachnodactyly there 15 no evidence thata
particular physical type 15 predisposed to rheumatic fever (Hill and Allan,
1929), but hereditary pred 10n 18 now accepted (Wilson, 1940)

THE NATURE OF THE RHEUMATIC STATE

There is no evidence, as yet, that rheumatic fever 1s caused directly by
any infective agent Cultures from blaod, jomnt flurd, pericardial or pleural
effusions, and from affected tissues are bacteriologically sterile, and filtrates
from similar samples are wncapable of transmitting the disease when inocu-
lated into animal or man There is still, perhaps, a remote possibility that a
virus 1s responsible, but the known facts are agamst it

On the other hand, the evidence that rheumatic fever 1s intimately re~
lated to streptococcal infection 13 beyond dispute The relationship was
first propounded by Poynton and Pame in 1goo They islosted a diplococcus
from blood and other cultures and produced polyarthritis and carditis by
injecting it mto animals; but the lesions were shown later to be infective,
not rheumatic. However, they confirmed the observation of Haig-Brown

255






RHEUMATIC FEVER AND ACTIVE KHEUMATIC CARDITIS 237

range between 3 and 30 per cent in clinical studes, and between 25 and 66
per cent in post-mortem studies (Rogen, 1g¢7). These figures are probably
too high. The subject is well reviewed by Bywaters (1950).

PATHOLOGY

In a fulminating attack which ends fatally within two or three weeks,
tissue microscopy reveals only non-specific lesions consisting of cedema,
fragmentation of colfagen, leucocytic infiltration, hyperemia and capillary
hemorrhage (Cobum, 1933). Similar lesions may occur in most acute
infections, toxemias and allergic states, and represent the Arthus pheno-
menon (Werner, 1938). Many tissues are so affected, particufarly the syno-
vial membranes of the larger joints, the pericardium, myocardium, and
endocardium, the pleura and lung Petechiz may be seen clincally wm the
skin (purpura rheumatica) or in the ocular fundy, and at autopsy they are
often most obvious in the pericardium and pleura. Inflammatory edema of
soft tissues may be seen chmically, mdependent of arthritis. Effuston inte
the large joints, and sometimes into the percardial or pleural cawities, 1s
charactenstic and 15 the best example of the exudative type of lesion.

The specific theumatic lesion, however, 1s proliferative, and occurs
rather later; it 15 characterised by the Aschoff node (Aschoff, xgog) Thisis
a small colfection of farge, often multnucleated, reticulo-endothelial cells,
muxed with lymphocytes and plasma cells, surrounding 2 necrotic col-
lagenous centre, there is also fibroblastic proliferation Whilst 1t 1s in no
sense perivascular, 1t lies 1n close relationship to a vessel. This lesion 1s
patticulatly well scen 1n the myocardum  Another example of the pro-
liferative lesion 1s the subcutaneous nodule, which may be regarded as an
aggregation of Aschoff nodes with fibrobl ussue
Macroscopic nodules may be seen occasionally on the sutface of the heart
(fig 8 o1)

Occasionally, vascular lesions are found in the viscera which show all the
FIN . - . AN

calcified.

Rheumatic ;nflammation of the heart valves 1s a true valvulins, the bane-
ful agent entering the vaive through the minute vessels which supply 1t
{Shaw, 1929) There has been iderable disag! the
vascularity of normal and diseased heart valves Langer (1887} first demon-
strated the dependence of valvular bload vessels upon the presence of
muscle he showed that vessels and muscle fibres seached the free edge of
the valve 1n the fetus and new-born child, but soon Tegressed; also that
diseased valves were frequently vasculansed whereas normal adult valves
were not, Gross and Kugel (1921, 1925-26, 192728, 1931), who studied
the Coronary circulation in detatl by means of radiography after mjecting a
bam;m sulphate gel, confirmed Langer's observations. They also found '

o
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that 1n the feetus the pulmonary valve 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 in utero usually affected the pul-
monary valve, whereas in children 1t usually affected the mutral valve, thus
appeared to be und d. The d id of valvuhtis as age
advanced was similarly explained. More recent work based on the injection
of Indtan ink instead of barium gel, however, has thrown doubt on these

T \u\\’\\nu‘ru\ g
\Am"n - “

Fig 8 o1—Macroscopte nodules on the surface of the heart.

conclusions. Wearn et al. (1936), for mstance, found capillaries in the
valves of 84 per cent of seventy-four normal hearts, and were unable to
correlate the relative mcidence of endocarditis of a given valve with the
frequency with which 1t contained blood vessels. Thus the mutral valie was
ascularised in 66 per cent, the tricuspid 1n 64 per cent, the pulmonary in
28 per cent and the aortic in 16 per cent.

In the acute stage of rheumatic inflammation the valse is cedematous,
and soon shows signs of dama;:e Just pro‘ﬂmal to 1ts free edge where the
cusps come into apposlllon, ie. at the site of maximum natural trauma.
Small thromb: form on the valve at this sie gmng nsc to a ridge, orto a
row of small pink nodules As the infl. lary sclero-
sis follows and results in thickening and shortening of (hc chordx (cndmct,
in thickening and distortion of the cusps, and especially in 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 deselop. If the
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mitral ring is spared, and the brunt of the attack falls upon the chorde
tendinee and the periphery of the cusps, mitral incompetence may eccur
without stenosss, and may become extreme if ring dilatation follows owing
to didatation of the left ventricle. Rheumatic aortic valvulinis resufts m
thickening and distortion of the cusps, with fusion of the commusures,
secondary ealcification and stenosis are common, Tricuspid valvulis with
late stenosis or incompetence is by no means rare

CLINICAL FEATURES
In childbood, the heat often bears the brunt of the attack, and indeed
the joints may escape entirely. Once the heart has been mvolved, however,
carditis or sabvulitis should be assumed in alf subsequent attacks, the
Increased vasculatity of a valve which has been subjected to rheumatic
inflammation may partly explain this tendency to recurrence If the first
attack occurs over the age of 21, carditis 18 unfikely, and becomes pro-
gressively rare with advancing years, although 1t may sull occur even

old age. Polyarthritis, on the other hand, becomes increasmgly common

) ‘The diagnosis of rheumatic carditis is based an three mafor issues upon
signs of some inflammatory process, upon esidence that thes process 1s

rheumatic, and upon proof of cardiac invalvement

SIGNS OF SOME INFLAMMATORY PROCESS

These are fever, leucocytosis, and ¢l of the erythrocyte sed
fation rate Fever may be of any degree, but 1s usually moderate or high
initially in chuldren, and moderate or low grade 1n adults, it 1s srreguiar m
1ype, and snclined to relapse; it may last only a few days, or 1t may continue
for months. The temperature is normal 1n subacute rheumatism, and may
be normal when polyarthritis 1s stll active i acute attacks Leucocytosts is
shght ta moderate m the early phase of acute rheumatic fever, figures of
10,000 15 15,000 white cells per c.mm, being the rule The differential count
may show a shght refats e increase of polymorphs, but 1s often normal. In
subacute theumatism the total count 18 commonly between 7,000 and
9,000 per c.mm The sedunentation rate is by far the most valuable
evidence of some active inflammatary pracess, and 1s often remarkably high
when there are no ather signs. Weekly readings have proved a rehable
mdex of the course of the disease and of the degree of activity.

!t Wil be appreciated that these three features are non-spectfic, they
point to some inflammatory Pprocess, but they do not determune 18 nature.
Sccondar;.( anmmiz and foss of weight, or falure to gamn weight, may be
regarded in a simitar light Undue tachycardia presents a more contraver-
?""‘ problem whilst non-specific for the most part, and often due to anvety,
it may undoubtedly result from rh cardttis, and unader certain
crcumstances may provide good evidence of 1t
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EVIDENCE THAT THE INFLAMMATORY PROCESS 1S
RHEUMATIC

1. Polyarthritis, Non-suppurative palyarthritis with sterile effustons into
the large joints is charactenstic. Involved joints may be painful, swollen,
hot, flushed, and tender; on the other hand, shght effusion into a knee joint
may be detected when there are no other signs or symptoms, or the patient
may complain of joint pains when there are no signs, as 1n subacute rheu-
matism The older the patient the more often are the small joints affected,
and it becomes increastngly difficult to disunguish rheumatic fever from
rheumatoid arthritis. Pains and effusions tend to flit from joint to joint, one
recoverng as another 1s involved, but not necessanly. Occasionally, one
knee or other large joint alone 1s inflamed, especially if previously injured,
and may remain so for weeks or even for months; but mimimal pains else-
where may suggest its true nature Other forms of what is thought to be
allergic polvarthnitis, such as the dysenteric variety, may be indistingush-
able except on other grounds For example, dysenteric polyarthritis is pro-
claimed by associated comunctivitis and urethntis, and by 1ts relation to
dysentery

In subacute rheumatism, recurrent joint pains occur without effusion,
and usually without fever or Jeucocytosss; but the sedimentation rate is
raised *‘Growing pamns” confined to the lups, knees, or ankles, mean sub-
acute theumatism; growing pains descnibed 1n the muscles, igaments, or
tendons probably do not {Hawksley, 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 15 a latent interval of 1 to 3 weeks,
usually 10 to 14 days. The signtficance of this relationship cannot be over-
stressed It appears to be fundamentally the same as the relationship be-
tween dysenteric polyarthritis and acute bacillary dysentery, or between
gonococeal polyarthritis and gonorrheea. Opportunity to study the dysen-
tenc form was afforded by 1ts frequency amongst the troops in North
Afnca and Italy in the second world war. 1t was characterised by acute poly-

and urethra yielded no pathogenic organisms. The provocative attack of
dysentery was often abortive or very mild, and the latent period 10 to 14
days. A previous attack of dysentery was invariable, and was usually un-
treated, The evidence suggested that a fairly high degree of immumity was
necessary for the develor of the synd G 1 palyarthritis
was equally common and behaved similarly, except that tenosynovitis re-
placed conjunctivitis, and urethritis was primary. The facts suggest that
rtheumatic fever 1s streptococcal polyarthritis, and bears the same refation-
ship to the stref us as does dy ic polyarthritis to the dysentery
bacalhi, and gonococcal polyarthitis to the gonococcus; but instead of cons
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Junctwvitis, urethritis, or tenosynovitis, there may be carditis, chorea or
marginate erythema

1f there is no history of recent sore throat or other streptococcal infection,
evidence of such may be afforded by an anti-steeptolysin titre in the region
of 200 Todd units. High titres do not prove that an illness 1s rheumatic
fever, only that there has been recent hzemolytic streptococcal infection
Similar proof may be obtained by finding that the patient’s serum aggluti-
nates an emulsion of hzemolytic streptococer at a fitre of 1 * 200 Tt1s hughly
improbable that any case of acute rheumatic fever, whether 1t be the first
attack or a recurrence, will not show such serological changes

That d ¢ lytic strep 1 infection 1s not responsible for
the disease may be proved by the lack of improyement after treatment with
penicillin,

3. Response 1o salicylates. Joint pams and effusions mn rheumatic fever
commonly respond dramatically to sodium salicylate m initial doses of 15
to 20 grains {1 to 1.5 G.) three-hourly. Aspirin 1s also effective Other forms
of polyarthritis (except perhaps that due to serum sickness) are not im-
proved Only the exudative lesion and the associated fever respond, no
effect is observed on proliferative lesions. Sodium sahcylate 1 often used
as 3 diagnostic test, but although a good one, 1t 15 not infalhible

4 Chorea Rheumatic or Sydenham’s chorea 15 mysterious mn sevesal
ways. First, it has a solitary nature, preferring to occur alone rather than
in the company of other rheumatic manufestations Secondly, 1t does not
affect the sedumentation rate Thirdly, there 1s no specrfic theumatic patho-
logy in the brain (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 mani-
festations with or without carditis {Sutton and Dodge, 1938), and most of
the remamnder have a famihal ink. Clinical features include spontaneous,

ary, 1 , lar weakness and alteration
of tendon jerks, emotional instability, and some disturbance of higher cortr-
cal function. Occastonally, 1t 15 more or less confined to one side of the
body Movements disappear during sleep.

The diagnosis must be made from common tics, and from hysteria 1n
general. Reliance should be placed on the quality of the movements They
are ﬁ‘-‘.‘dﬂ, complicated, elaborate, wregular and varied. The same move-
ment i3 rarely repeated exactly The hands wnithe and twst, the patient

[

v

. t

twiteh of a tic. After protruding the tongue for inspection, she withdraws
1t hke.n lizard, snapping the jaws over 1t When the hands are held out, the
wrist is flexed and the fingers hyper-extended The knee-jerk may be sus-

tained, the leg being held up at the height of 1ts extension for an appreciable

interval before relaxation occurs.
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Fig 8 oz—Erythema marminatum,
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Hysterical movements are more jerky, and show constant rcpetition
Experience and familiarity with both conditions usually makes their dis-
tinction easy. The imvol y athetotic ts of encephabus and
Wilson’s disease may be mare confusing.

5. Skin lesions Petechiz may occur in the skin or m the fundi i tul-
minating cases, but are in no way speafic. Urticaria, erythema nodosum,

PR

Fig 8 03—Erythema multiforme.

and erythema multiforme are sometimes seen, but they too are not specific.
They are probably allergic shin reactions, and when associated w ith rheu-
matic fever may depend upon skin sensitisation to the strep or to
its toxins, Urticania may be due to a host of antigens; erythema podosum
to the tubercle bacillus, the meni us, or other org; erythema
maltiforme is perhaps more closely related to the streptococcus.
Erythema marginatum (Barlow and Warner, 1881), a variety of erythema
multiforme, is especially smportant because it is peculiar to the rheumatic
state (Cheadla «ROAN To cmcnace *o memno cracnonte nvale or in irregular

Pproximal part of the limbs There may be two or three lestons or dozens
of them Sometimes the rash is at first composed of irregular erythema-
taus macules {fig 8 03), but the centres soon clear, leaving spreading red
margins (Perry, 1937). Erythema marginatum may be fleeting or remark-
ably persistent; as a rule, 1t is recurrent, and may reappear from time to time
long after other manifestations of active th ism have subsided




VS JA\PUQ /1/

(b) On the back of the head
Fig 8 o4—Subcutancous theumatic nodules.
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Subcutaneous nodules are good les of prohferatnve rh
lesions Like erythema marginatum !hc) were ﬁrst properly studied by
Barlow and Warner (1881). Varying m size from something so small as to
escape cliical perception to the dimensions of a Barcelona nut, they are
usually attached to tendon sheaths, to the superficial surface of joint cap-
sules or to other fascia, so that the skin rides over them freely. Sometimes
they are partially attached to the skin and more or less move withat They
are best seen on the hnuckles (fig. 8.04a), on the back of the head (fig
8.04b), on the cibows or on the knees. In children they are practically
diagnostic of rheumatic fever;
but similar though usually
larger and more  persistent
nodules may occur in Sull's
disease and in adult rheuma-~
toid  arthriis  (Hawthorne,
1900). It 15 doubtiul whether
there is any fundamental differ-
ence between these nodules
{Keil, 1938}

6. Pubmonary signs. Because
of its non-specific clinical
features, pleurisy rarely pro-
vides evidence of rheumatic
fever, but it 13 not uncommon-
Paul (1928) gave its incidence
as 1o per cent It may be dry or
it may give rise to a sterle
straw-coloured effusion  Re- ¢
sponse to salicylates 1s 1n-
different

Rheumatic  pneumonia 15
rare, occurring m only 1 to 2 per cent of actve cases Symptoms are not
spectacular There 1s no chill, breathing 1s not embarrassed, the respiratory
rate 1s but Dittle elevated, and fever 1s not necessanly htgher than before
Cough may be noted, but 15 rarely troublesome The sputum 1s scanty and
tenacious, occas\ona“y 1t 18 streaked with blood Physical signs wclude
dullness to p hial breathing and appearing first
here, then there The transient and mmgratory nature of these s1gns 1s
charactenistie. Senal skiagrams confirm the presence of patchy wandermg
consolidation, or may show a variable broncho-pneumonic pattern (fig.
8 05) The white blood cnum 1s little altered Rheumanc pneumonta 1s not

fl d b ph or it fortunately 1t does
not often appear 10 alter the cuurse of the mayor 1llness

DMost cases studied at autopsy have been unusually severe, and consolida-
non has been extensive and mostly lobar 1n distribution The affected parts

Fig 8 o5—Shiagram showing rheumatic preu-
moma in a pgisl
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are bulky, have a peculiar succulent gelatinous appearance (Hadfield, 1938),
and feel hike indiarubber; 1n colour they are a homogenous rich purphsh
red (Nassh, 1928; Exman and Gouley, 1928}, and later may be buff, Micro-
scopically, the predominant finding s an extensive fibrinous exudate infil-
trated with lear and multmucleated celfs Polymorphs and lym-
phecytes are scanty The cellular exudate 1s partly interstitial, but also lines
the alveolar ducts and tnay fill the alveol (Hadfield, 1938) There 15 asso~
cuated hyper®mia and edema Secondary fibroblastic reaction develops
later, and when intersitial may be responsible for pulmonary hypertension
(Gouley, 1938) Stmudar lesions have been produced experimentally by Rich
and Gregory {1943}

Simple collapse of esther lower lobe 11 the coutse of rheumanc fever may
occur, and must not be confused with rheumatic pneumonua 1ts cause 15
obscure, but 1t may be connected with the long recumbent posture, It s
seen 1 many serious Hinesses which confine a patient to bed for a long
time, eg typhoid fever So , of course, collapse of the left Jower
lobe may be duc to perscardiat effusion or to a greatly dilated heart Pul-
monary congestion or edema, and nfarcis of the lung, should be recogmsed
without difficulty

7 Tolerance to Heparmn Patients wath acute rheumauc fever show a
remarhable tolerance ta heparin, and possibly to other sulphated poly-
sacchardes This 15 at present under imvestigation and may prove 3 useful
test for the active rheumatc state {Abrahams, 194g)

EUIDENCE OF CARDITIS

To establish the dug of rh cardiuts may be ene of the most
difficult chinscal problems i medicine. There are, however, six refiable
signs when active theumatism can he dragnosed on other grounds.

t Penicorditss Transtent or more persistent pericarduat friction, with ot
without effusion, can be recognised n about so per cent of cases. Rheu-
matic pericarditis has no spectal features except that it is acute, often fails
to alter the electrocardiogram, and leases no important sequeke. Effusion
15 common, samples are straw-coloured, sterile, and have the physical pro-
pertses of an exudate. The cifect of salicylates 15 doubtful. Paracentests is
anly required to reheve eardac compression or breathlessness due to ol
lapse of the lung secondary to very large effusions, Chnical details are
similar to those m other forms of pericarditis, and are described on page

1.

342‘ Cardiac enlargement. Displacement of the apex beat to the left is com-
mon in active rheurnatic cardatis, but not always easy to interpret. Any of
the usual causes of cardiac displ: may be responsible, particulaely
collapse or partial collapse of the left lower lobe, and abdominal distension.
The size of the heart is best determined by means of serial skiagrams {fig.
8.00); even then, enlargemnent is often & matter of opinion. Again, appre-
ciable ditatation of the heart may occur in any fever, natural or artificial




LR, | | i

Fig 8 o6 (ay—agth October 1948
Serial shiagrams showmng rapid dwelopmendt of cardtac enlatgement as a result of active
carditis



Tz 8 06 th)—3oth November 1048
Semal shagsans showmg rapd devefopsnent of tardae enfargement 85 @ result of sctive



P I

Fig 8 06 (c)—gth December 1948

Senal skiagrams showing rapid development of cardiac enlargement s & result of active
carditis
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(Weens and Heyman, 1946), possibly because the cardiac output 1s rased.
Unmistakable cardiac ent s a child with rheumatic fever is usually
due to established valve lestons or to heart failure, 1f those are absent,
however, it must be accepted as evidence of carditis

3 Heart failure, The development of congestive heart fatlure may be
accepted as proof of carditss sn a patient with actwe rheumatism. The jogu-
lar venous pressure then nises, the liver distends, and the cardiac output
falls (Edema is uncormmon. In otherwise ph d cases, arthep
paroxysmal cardiac dyspnea and pulmenary cedema only ocour when there
15 advanced aorue or muteal valve disease.

4 Miutral diastolic mursier The best evidence of carditis 1s the develop-
ment of a soft mitral diastolic murmur (Carey Coombs murmur) in the
absence of other signs of mutral stenosis Autapsies have confirmed the fact
that this murmur may eccur in active rheumatic carditrs when the mutral
svafve 1s scarcely altered (Bland, White and Jones, 1935) It has therefore
been d that its mech depends upon left ventnicylar dilatation,
that 1t 1s related to the Austin Flint murmur, and to the soft nutral diastelic
murmur which 1s otcasionally heard s hypertensive or thyrotoxic heart
fadure But st must be pomnted out that the Carey Coombs murmur 1s
frequently heard when no enlargement of the heart can be demonstrated,
and st 15 more reasonable to beheve that some change 1n the structure of
the rmutral valve 15 responsible Whatever the explanation, there is no doubt
that thrs mrarmaur occurs early n the course of rheumatie carditis, and
may disappear as activity subsides. More frequently, honewver, it s more
or less persistent, or reappears on the least provocation, until pre-systohe
accentuation proctaims the development of mitral stenosis {Carey Coombs,
1924) In asenes at Taplow 1t was transient 1 2o per cent (Wood, 1949)

5 Aartic drastole murmrr The development of an aortic diastolse mur-
mur s equally good evidence of actsve cardins, 3f 1ts previous absence can
be guaranteed No other signs of aortic mncompetence may be present, be-

cause the wmal leak 35 small

LA e ~=  Like the Carcy Conmbs mur-
J* - } ey “! T mur, a basal diastohc murmut
sl P ot ("“‘"M‘ ¢t 13 occasionally transient (10 per

cent) When first heard, it may

2 ~ - be remarhably short and its on-
- i 1 —  set very shghily delayed, per-
hjﬂ“-—}'f“’,‘u*—"“‘-)"" haps not dewk)),pmg )\mnl the
DU left ventriculor pressure has
3o - - - faflen below zero at the end of
1isometne relavation,

6 Electrocardiographic  ab-
= D normalitresr  Obvious electro-
¥y 8oy—Elcctrocardiogram showmg pro-  cardrographuc changes are the

fangatron of ",’ﬁi&i’?ﬁﬂ?ﬁf«'&' case of scune exception rather than the rule;
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thus an apparently normal graph in no way excludes cardins Seral
records, however, may show transient prolongation of the P-R interval 1in
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

‘ 60 pATIENTS. { 14 PATIENTS
293 AzabinGs 36 READINGS

¥ig 8 08—Graph showmng QT plotted agamnst the sedimentation rate 1 60 cases of
active theumatic carcinis and 1n 14 theumatic fever controls without carditis
{By cowrtesy of Dr Derek Abrahams )

(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 Szilagy1 (1947)

1N Oractieally all macae wf coteorr on o Totre mo et ehien Tinn Inane mmedr oo ard toar
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Fig 8.og—Behaviaur af QT tn six cases of
actite rhewnatie carditis with rapsd chmical
recovesy

.
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Fig & 1o—Prolonged QT following a reeus
rence of actnne rheumatie carditis
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Fig. 8 t7~Graph ahowmg relapse due to
getting up when QTe nav sl grossly pro-
long
1By courtesy of Dr. Davsh Adrakame |
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cases of rheumatic fever without carditis has been plotted agamst the sedi-
meme e Tttt il be seen that about go per cent
than o.42 second, whereas all but

w this level, Fig. 8 o9 shows the

behaviour of Q-T1n six typical cases of acute rheumatic carditis wath raprd
recovery. In fig. 8.10 a relapse is portrayed, 1t may be observed that Q-T,
then remains grossly prolonged, although the sed rate 18 falling

* towards normal, If the long Q-Tis ignored and the patient 15 allowed up,

relapse is likely to occur (fig. 8.11)

Paroxysmal tachycardia may occur, but contributes hittle to establishing
2n etiological diagnosss, on the other hand, auricular fibrillation or flutter,
developing in the course of active rheumatism, provides good evidence of
cardus, although there is usually old-standing mutral stenosis as well

7. Gallop rhythm Gallop rhythm is more inconclusve. 1f 1t 1s presystolic,
carditis is probable; if it is proto-duastohic it cannot be distnguished clin-
cally from a normal third heart sound; if 1t 1s 2 summation gallop no con-
clusion can be drawn, though it 1s suspicious. Analysis may be difficult, for
undue tachy cardia 13 common in these cases, whilst carotid stnus slowing 1s
minimal

8 Systolic murmurs. Finally, there 1s the problem of the apical systolic
murmur. May it be disregarded, or does 1t indicate mutral valvulitis? Con-
siderable experience is ired to gauge 1ts sigl The systolic mur-
mur of mitra] incompetence associated with active rheumatic carditis may
be due to ting dilatation or to mutral valvulitss. It usually begms with the
first heart sound and lasts throughout systole, in quality, 1t 1s commonly
loud, smooth and blow ing. Sometimes, however, the murmur may be rough
or musical, and may be accompanted by a thrill When such murmurs offer
the only evidence of carditis in children with rheumatic fever or chorea,
chronic rheumatic heart disease develops subsequently 1n 45 per cent of
cases; under simular circumstances, when the murmur 1s soft and untm-
Pressive, subsequent rheumatic heart disease develops 1n only about g per
cent (Boone apd T asemn «neQ T7- somaw and ATacbavrio vni@)

It will be se.
upon six featy o
associated with active rheumatism. Gz\ilop thythm and a rutral systolic
murmur, Properly analysed and interpreted, may be suggestive, but are
rarely conclusive

When there 15 no ext diac evtd of active rh the pro-
blem is different, Under these crrcumstances pericarditis may be tuber-
culous or pyogenic, cardiac enlargement and failure may be due to other
causes, mitral and aortic diastolic murmurs may be attributed to old valve
lesions, and electrocardiographic abnormalities may hase other explina-
tons The differential diagnosts may then include congenital heart disease,

tuberculous or pyogemic pericarditis, Pick’s disease, subacute bacteral
endocarditis, diphtheritic and other forms of carditis, pulmonary heart
s




274 DISEASES OF THE HEART AND CIRCULATION

disease, and anzmia. Nevertheless, rheumatic carditis may occur without
evidence of rheumatism elsew here, and active rheumatism may be afebrile,
and associated with a normal white count and E.S.R. A diagnosis of rheu-
matic carditis is therefore justified if the cardiac lesion is characteristic, even
when there is no other evidence of rheumatism, or even of an inflammatory
state Again, if there is evidence of an inflammatory state, a suitable cardiac
leston may proclaim 1ts rheumatic nature when there is no other rheumatic
mamfestation,

COURSE AND TREATMENT

All cases of acute or subacute rheumatic polyarthnitis should be put to
bed and treated with sodium salicylate, 15 to 20 grains (1 to 1 5 G.), com-
bined or not with twice 2s much sodium bicarbonate, three-hourly (Lees,
1904), until reheved, or until ringing in the ears and deafness pronounce
intoxication, when the interval between doses may be increased to four
hours. The effectrse blood level of salicylates is about 30 mg. per cent.
Fever, pan, and joint effusions usually subside quickly, but proliferatine
lesions, including carduis, are resistant. The action of salicylates is un-
certamn 1t has been suggested that they may inhibit anttbody formation
(Denck, Huchcock and Swift, 1927-8). Toxic effects are mmimised
by alkalis: this has been attributed to an increased rate of salicylate excre-
tion 1n their presence (Parker, 1947, 1948) Peters (1947), however, did not
find that this materally atfected the blood level, and claimed that alkalis
enhanced the therapeutic benefit of salicylates Toxic effects include
petech d with prol of the prothrombn time (Link et al,
1943) Fatal hemorrhagic encephalopathy has been reported (Ashworth
and Mckemie, 1944) Circulating prothrombin can usually be restored by
means of vitamn K 1 doses of 10 to 50 mg. (Shapiro, 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 is done, for the exudative lesion 1s relatively innocent, and 1s soon
controlled by another course.

By far the best index of activity 1s the E § R., which should be measured
weekly, and as a rule the patient should not be allowed up until 1t 1s normal.
Ths apphes espectally to children, in whom cardstis should be 2ssumed for
purposes of early management Adults without evidence of preyious or pre-
sent carditis may be treated more leniently, and may be allowed up as soon
as they appear well enough on clinical grounds. The duration of bed rest
varies between a weck or two and several months, according to the severity
and persistence of the active process. If patients are allowed up too soon,
swift relapse is the rule. X

Joints may be partly or completely immobilised i the position of maxi-
mum comfort in the acute phase, and some soothing lotion, such as oil of
wintergreen or lead and opium, may be apphed. Contractures are not 2
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feature of rheumatic fexer, but foot-drop should be prevented, and elbows
and hnees should not be immobilised too long.

Recent work at the Mayo Clinic on the beneficial effect of compound E
(17-hydroxy - t1-dehydrocortico-sterone) on rheumatord arthnitis (Hench ez
al, 1949) has provided a new approach to the treatment of rheumatc
states in general; but it is too early to comment on the results so far obtammed
in rheumatic fever. Joint pains appear to be relieved as quickly as with
salicylates, but a benefictal 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 administration of A.C.T.H (adrenocorticotropic hormone of the
pituitary).

Sulphonamides and penicillin are of no value, except pethaps in the
treatment of the provocative streptococcal infection or if the latter persists
Tonsillectomy is only necessary if there 15 chronic sepss, or if there 15
Tecurrent tonsillitis; it has httle influence on the disease, and does not pre-
vent relapse or recurrence (Ash, 1938) A good nounshung diet, fresh arr,
vitamns, especially vitamin C, appropriate treatment of secondary anznua,
and high morale are more important

Chorea usually lasts 6 to 12 wecks. Patients should be put to bed dunng
the active phase, and may need heavy sedation If there 1s no evidence of
carditis they may be allowed up when recovery begins They should be kept

away from school and from social engagements until well
) Cardits requires absolute rest, Lattle else 1 of lasting value. Digitahs
is helpful when there is congestive heart fallure, and although the thera-
peutic dose is said to be close to the toxic, 11l effects have not been observed
at Taplow. Mercurial druretics and a low sodium diet are rarely necessary.

Absalute rest means that the patient s allowed to do nothng for hrmself,
he 13 washed and fed, and must use bed-pan and unne bottle Det should
be l{ght and constipation avorded In the past 1t was usual to msist on
nursing the patient in the horizontal position, with one Jow pillow, but 1t
is clear from experience gained in the treatment of angina decubrtus and of
paroxysmal cardiac dyspneea, and from certain direct mvestigations in man,
that the cardiac output, and therefore the work of the heart, 1s greater in
the horizontal than in the upright position, owimng to the influence of
gratity on the venous filling pressure. It is therefore logical to murse
pattents with carditis 1n the sitting posture. The wisest course may be to
chose the posttion of matimum comfort, whether lying or sitting, unless
thete is fatlure, when the latter should be insisted upon

Cor'walescence from carditis should be extended over several months,
the régime being simular 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 immeduately, and must be disanguished from a recur-
rence or second attack of rheumatic fever, m which streptococcal infection
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is always to blame, and following which 2 latent interval can usually be
recognised. To avoid such infection, prophylactic sulphonamide may be
gven in doses of 1 to 2 G. daily whenever some risk is encountered At least
one recurrence occurs in two-thirds of all cases, usually within three years
(Roth, Lingg and Whittemore, 1937)

It 1s as important to prevent cardiac neurosts in patients with organic
heart disease as it is i those without Thus is a difficult task in susceptible
indviduals, 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 give
a history of the onginal attack (Parkinson and Hartley, 1946). Many others
are only restricted by subacute rheumatism Little immediate harm comes
to these patients, ndeed there 1s no direct evidence that subsequent de-
velopment of mitral stenosss could have been prevented by bed rest at the
time of active inflammation. It follows that failure to diagnose carditis when
1t is present in rheumatic fever 1s not necessanly disastrous, On the other
hand, 1ts diagnosss 1 error may not be far short of it, for the resulting
cardiac neurosts, which is so commeon, may be life-long and may be more
incapacitating than organic heart disease Physicians should be more aware
of their responsibility m this respect. Too much emphasis 1s laid on over-
looking 2 mild leston, not enough on finding what is 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 involved, and 1s likely to become nervous on that account
Tachycardia may then be due to anxiety. Agam, the autonomic nervous
system is frequently disturbed by fever and infections of all kinds- tachy-
cardia, dizziness, headache and fatigue may result, especially during con-
valescence when activities are resumed Such findings call for reassurance
and rehabilitation, not for alarm and further rest.

In the absence of d d 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
recognition; 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 certain percentage of children with rheumatic
fever, but on the fact that if 1t does occur m an indetectable degree, 1t is
either of no consequence, or it 1s not aggravated by this kind of manage-
ment; and on the fact that the over-cautious attitude breeds neurosis.

MORTALITY
The mortality rate from active r} ic carditis in childhood and
adolescence 1s about 6.5 per cent (Scott, 1943). About half the fatahties
have some important complication. In the majority (62 per cent) death
occurs within five years of the initial attack (Bland and Jones, 1938). Bad
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prognostic omens include rapid cardiac enlargement, obvious nodules,
pericarditis, auricular fibrillation and congestive heart fulure Sudden un-
expected death is rare in rheumatic carditis, in contrast to 1ts frequency 1n
diphtheriti€ and other forms of toxic carditis. There were only three such
instances among a group of 7,165 cases of active rheumatic fever reported
by Griffith and Huntington (1946); coronary angiitis was blamed
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CHAPTER IX
INACTIVE RHEUMATIC HEART DISEASE

BEUMATIC carditis refers to active inflammation of the heart. The
after-effects, which mnclude valvnlar sclerosis, patchy myocardial
fibrosis, and adherent pericardum, are best described under the

general heading of rheumatic heart disease, to which the appropriate ana-
tomical abnormality may be appendsd. Thus we may speak of rheumatic
heart disease with mitral stenosis.

Incidernce. About 3 per cent of healthy young adults give a previous
history of rheumatic fever i childhood (Parkinson and Hartley, 1946). Jt
1 clear, therefore, that all patients who have rheumatic fever do not Iater
develop chmical rheumatic heart disease. According to Carey Coombs
{1924}, 50 per cent of children who have their first artack of rheumatic
fever before they are five vears old, and 235 per cent of those whose first
attack occurs after the age of ten, subsequently develop rh je heart
dizease

From large samples of the younger male population of Great Britzin
examined for mulitary service berween 1939 and 1943, it was calculated
that there were about 240,000 cases of rheumatic heart disease of toth
sexes between the ages of 18 and 44 in Great Britain at that time, or abomt
7 per cent of the population in that age-group (Parki 1943). Rheve
matc heart disease accounts for approximately 23 per cent of all cases of
heart disease 1n temperate climates, and canses about 16,000 deaths annuaily
m England and Wales.

Practically all clinical cases of mactive rheumatic heast diseaze have one
or more valve lesions. The mitral valve is mvolied in S5 per cent, the
20r1C 1N 44 per cent, the tricuspid 1n 10 to 16 per cent, and the pulmonary
10 1 to 2 per cent (Cabot, 1926) Mitral disease is more common in females

s the ratio of 32 2; 20rtic valve disease is equally more common in males,

LESIONS OF THE VALVES

1. MITRAL INCOMPETENCE

In the last century this was the most valic lesion diagnosed
Owing to the exertions of Mackenzie, Lewis, Parkinson, and others, recent
years have witnessed a duxenostic revolution, so that now a physician to
sserts that a patient has organic mitral ncompetence must be very sure of
his grounds. The change in outlook has saved a host of normal subjects
from invalidism. Nevertheless, mitﬂlcincvmy«mcc is a real entity, and the
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whole problem must be critically examined. The difficulty hes in the inter-
pretation of apical systolic murmurs. In the past these were nearly always
attributed to mitral incompetence, and the latter was believed to be the
consequence of valvular disease. It is now known, however, that apical
systolic murmurs may be cardiac or extra-cardiac, and if cardiac may be
due to mitral incompetence or to some other factor, mitral incompetence
itself may be organic or functional. These possibilitics will be considered
in detail.

LXTRA-CARDIAC MURMURS

The heart expanding 1n diastole may press upon a portion of lung so that
the latter, suddenly decompressed in carduac systole, sucks m aur, and gives

Fig 9 o1—Phonocardiogram showing an mnocent systolic murmur at the mitral area
(By courtesy of Dy Aubrey Leatham)

rise to a systalic vesicular murmur. This 1s soft and vanes with respiration
and with change of posture Normal friction between two healthy serous
branes, adequately lub may give fise to 2 murmur indistin-
gushable 1 quality from the ordinary soft apical systolic bruit (Ortiz,
1933) Such murmurs are probably exaggerated by overaction of the heart
as i thyrotoxicosis, anzrma, and the anxiety states
Innocent systolic murmurs have been said to begin some tiume after the
first heart sound (Evans, 1947), but this 13 not generally accepted, many
such murmurs beginming early 1n systole (fig 9 o1).

CARDIAC MURMURS

(@) Without 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 arising at the base may also
be heard best at the apex beat. It should be understood that ths site com-
monly represents the apex of the left ventricle, and 1s therefore in direct
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communication with the aorta, Functional murmurs may result from tur-
bulence at the toot of the aorta in normal subjects, especially when the
cardiac output is increased Harsh or musical apical systolic murmurs may
oceur in hearts which offer no obvious mechanical explanation when
exarmned later after death. It 1s thought that these may be due to unusual
vibration of the charde tendinese.

(b} dstral incompetence (functional) Experiments after death show that
the aortic valve 5 competent and the mutral mncompetent when water 15
poured mto the aorta or left ventricle respectively. During Lfe, proper
matral closure depends upon adequate constriction of the mitral ning, and
upon sufficient slack of the inel chordz tend which, acting as
*‘guy ropes", anchor the valve cusps to the wall of the left ventricle. When
that chamber is dilated, the mitral ring 1s expanded, and stretched chordx
tendinex may prevent the cusps falling back sufficiently to come nto close
app . i [ mutral i p 1 left ventricular failure 1s
therefore more or less mewitable. It may also complicate left ventricular
dilatation in the hyperkineuc circulatory states and 1n any form of carditis.
F { mitral 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 (organic) Orgame rutral incompetence refers to
disease of the mitral valve which prevents its proper closure. It 1s nearly
always rh and may be d with shortening and thickening
of the chordz tendinez. In the great majority of cases the mitral ring and
base of the cusps are also sclerosed, resulting in ratral stenosis. In clinical
diagnosss, the latter 1s so much the more important that the other is hardly
worth mentioning i tts company But if there is no stenosis, organic mitral
mcorapetence leads to a well-defined clinical prcture During systole, the
left auncular pressure and volume rise well beyond normal limits, and the
chamber expands visibly Dunng diastole, the left ventricle becomes abnor-
mally distended s a resuit of this high-filling pressure. T'he stroke volume
propelled into the aorta thus remains normal. In other words, increased
distension of the left ventacle compensates for the leak. In time both the
left auricle and ventricle may become considerably enlarged.

The diagnos:s of organic mitral incompetence 1s based upon the follow-
ing features:

1. An impressive mitral systolic murmur This is not necessanly loud
or harsh; but 1t usually begins early, lasts throughout systole, and has 2
charactenstic blowing quabty (fig. 9 02a) The intensity of the murmur
should not be altogether disregarded, as follow-up studies on children with
suspected sheumatic cardis have demonstrated clearly that those with
Joud murmurs are five times more likely to develop chronje rheumatic
heart disease than those with soft murmurs (Boone and Levine, 19;8;
Kustner and Markowitz, 1948) The foud fate systolic murmur, which
seems 1o increase in ntensity as 1t merges into the second heart sound
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(fig. 9.02b), though i i may undoubtedly be due to
organic mitral i P : thus it may be iated with nutral stenosts
or with expansile pulsation of the left auricle.

2 Mitral systohc thnll. As a general rule, a thnll means organic disease,

but there are exceptions. Conversely, many cases of mutral incompetence

Fig 9 0z (b)—Loud Iate systolic murmur 1n a case of organic mutral mcompetence

(B3 courtesy of Drs Witliam Ecans and dubrey Leatham)

have no thrill, When there is aneurysmal dilatation of the left auricle, tlie
A P Pl

ng lett auricular dilatation 1n the antero-postenior or right anterior alilique
position do not distinguish mitral incompetence from mtr,) sterasia ({7
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2.33), but when viewed fluoroscopically the former 15 recognised by expan-
sile pulsation of the left auricle ducing ventricular systole. If cardiac move-
ments are correctly interpreted, this 1s diagnostic Kymography facilitates
analysis,

‘There are two distinct clinical types of organic mutral incompetence:
those that develop aneurysmal dilatation of the left auricle, and that behave
like cases of mutral stenosis; and those that develop increasing left ventri-
cular enlargement, and which
behave more like cases of aortic
stenosis (with which they are
readily confused).

The prognosis of organic
mutral 1ncompetence is fair:
cases with aneurysmal dilatation
of the left auricle usually die
between the ages of 30 and 45,
those with large left ventricles
may be expected to survive to
the age of 50 or so, but then
succumb rather suddenly to
irreversible heart failure.

2 MITRAL STENOSIS
Pathology Reparative fibro-
blastic  proliferation, already
described as part of the rheu-
matic lesion, has unfortunate
results when situated at the
base of the mitral cusps or 1n
' . . the mutral 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 years to develop sufficiently to
give nise to physical signs, usually much longer (Carcy Coombs, 1924)-
The degree of narrowing varies from an amount nsufficient to have any
effect on function, to ight button-hole stenosis with an orifice which barely
admts a pencil Calaification 1s common n elderly subjects. Associated

mitral tncompetence is the rule, but s relatnely ummpostant,

Dusturbance of function. The blood flow being obstructed at the mitral
vahe, the pressure rises sn the left auricle and pulmonary veins "T'his at
first compensates for the obstruction and insures full left ventricular ﬁllnqg.
the greater speed of blood flow through the mitral orifice making up for its

smaller cross-section. .
Next, the increased pressure in the left auricle and pulmonary veins
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causes a rise in pulmonary arterial pressure, so that the normal pressure
gradient is maintained. There s little to support the view that pulmonary
hypertension in mitral stenosis does not depend on the left aunicular
Ppressure, but upon some hypathetical reflex or upon rheumatic pulmonary
arteritis (Gouley, 1938). On the contrary; left auricular pressures when
measured at thoracotomy may be very high indeed, and amply explamn
mean pulmonary artery pressures over 3omm Hg.

When relatively healthy, the left auricle hypertrophies, and so increases
th}: Presystolic pressure gradient betw een auricle and ventricle This con-
tributes further to adequate left ventricular filing Not infrequently, how-
ever, myocardial fibrosis weakens the left auricle and favours dilatation of
that chamber. Sooner o 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 aorta and left ventricle hypoplasic.

At the same time the right ventricle hypertrophies to cope with pul-
morary hypertension, and the pulmonary artery dilates There 1s a per-
manent shift in blood distribution, more being held in the pulmonary
circulation and left auricle than usual, and correspondingly less on the
systemic side. The vital capacity and lung volume are thus reduced and
the pul y circulation time prol d. If the blood volume does not
lncrease, comp Y systemic vas iction results, adapting the sys-
temic vascular capacity to its reduced contents, and so mamtains the blood

- Pressure, Hence the small pulse 1s firm, and the skin 1s cold, pale, and
<yanotic,

Dyspneea at this stage is not due to an increase of carbon dioxide acting
on the respiratory centre, nor to reduced oxygen tension acting on chemo-
receptors in the carotid sinus, for the gaseous exchange 1s still normal It
Is Intimately connected with the engorged pulmonary circalation. This
excltes a respiratory reflex through pulmonary vagal afferents whereby
breathing becomes quicker (Harnson, 1935) The Herng-Breuer reflex is
ordinanly concerned with limiting the depth of inspiratton and 1s inntiated
by st retch-receptors which are probably situated 1n the walls of the alveolar
ducts. The mech is inhibstory and 1s abolished by section of the
Pu{"EORﬂfy vagal afferents. Just how vascular engorgement increases the
2<l:t1v1ty of the stretch-receptors, 1f these two reflexes are the same, 1s not
clear,

Likewsse, cyanosis is not due to reduction of the arteral oxygen saturz-
on, for this does not occur unless there 1s pulmonary cedema or other late
changes in the lung parenchyma Cyanosis 1s usually attributable to per~
pheral vasoconstriction

In an attempt to increase the cardiac output, the venous filling pressure
tends to rise, especially on effort, and for a time thus mechanism may prove
successful, but sooner or later paroxysmal cardrac dysy or

heart failure develops.

Clinical features. Well established mutral stenosts 1s characterised clim-

tiy
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cally by a malar cyanotic flush on 2 pale background, cold cyanosed
extremuties, a smal} firm pulse, tapping cardiac impulse, slapping first heart
sound, mitral drastolic murmur with or svithout thrill and with or without
presystohe accentuation, and by a Joud pulmonary element of a normally
spht second heart sound at the base. The diagnosis may be confirmed by
means of fluoroscopy and electrocardiography

The matral dsastolic brmt can always be recognised, wherever it 1s heard,
by the presence of an appreaiable gap between it and the second heast
sound (fig g og) If the distolic blood pressure s 8o mm of mercury, then
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Fur 9 oy—Fhonocardiogram showng & muteal drastolic murmur following the third heart
sound 11 a case of mutral stenosis

1B courtess of Dr Jdubwes Leathamd

the pressure within the left sentsicle 1s just below this level when the
aortic valve shuts, 1e. at the moment of the second heart sound. As
the pressure within the left auncle is then much lower, the mutral
valve remans closed and cannot open until the ntraventrscular pressure
has fallen below the aurcculsr, The duration of this pause vames from
006 0 015 second (Braun-Menendez and Orias, 1935) The opening
of the mitral valve may give rise to a sharp sound—the opening snap of
Potain—and comcrdes with the summit of the “v* wan e of the jugular phie-
bopram (Margolies and Walfesth, 1932). Moreover, the mitsal duastohe
murmur may be delayed still fusther, for turbulence may not develop until
the moment of rapsd ventricular fitling, which coincides with the third
heart sound and with the fower half of the doxsnst{z)kcofzhc ey wareofthe
jugular phlebogram. The only occasions on which the gap may not be
recognised are when gross mutral sncompetence causes a systolic murmur
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Fig 9 os—Phonocardiogram at the apex beat 1n a case of patent ductus, showing a
functional mitral dhastolic murmur
{By courtesy of Drs Frances Gardner ond Max Zoob)

Fig 9 06—Phonocardiogram showing a crescendo presystolic murmur timed sgaimst the
electrocardiogram and phlebog:
(B courtery of Drs 1 alliam Evans and dubrey Leatham -
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that continues dunny the penod of isometric refavarion. “T'he charcteristic
mitral & he brnt 1¢ low-pitehed and rumbling, is heard best with a2 bell
stethoscape, and may be exaggerated when the patient lies on the left side,
or when the cardiac output 1s increased by means of exercise or amyl
mtrte. The recognition of this murmur often dependgupon the exarainet’s
ability to concentrate upon that phase in disstole in which he knows it
should anse, to the exclusion of all other sounds. Never was atiention
directed to a preconceved sound more amply rewarded, Presystolic accen-
tuation (Fauvel, 1843) (fig. 906) depends vpon suricular contraction
(Ga\rdntr, 1861) and necessarily dnsappenrs when the auricles fbrillate

, functional put causes 3 basal diastofic
TR du\\n the left bm’der of (he. sternum—the Graham Steel] murmur
(Steclt, 1888}, There 15 no sute way of distingurshing this murmur from
that of aortic incompetence, but it tends to be more local, is placed rather
higher on the left, and may be lower in pitch. Interpretation, however,
15 more safely based upon the presence of gross dilatatron of the puf-
monary artery on the one hand, and upon other evidence of aortic valve
disease on the ather

The mutral diastohc murmur 18 not quite pathognomonic of mutral
stenosts, for turbulence giving tise ta an sdentteal bruit may occur in active

rheumatie cardutis, grass aothie
(Austin  Fimt,
1862), :mcl when left ventricular
dhlatation 15 associated with an
increased  pulmonary  blood
flow, as in patent ductus
arteriosus {fig. 9.03), ventricn-
{ax septal defect, thyrotoxicasis
and anermia.

X-ray appearances. Fluoro-
scopy reveals characteristic
changes m the size and shape
of the heart. The aorta is small,
the pulmonary arc dilated, and
the hilar vessels engorged. The
dilated left auricle often causes
a bump on the left border of the
heart between the pulmonaty
artery and left ventricle, 2
prormmnence which is seen o
other condition {fig. 9 07)- Left
B oo Stamnpficprolmiplyier,  aurlr enlagement b seeo
O A wnd the (e ventcte, The  best m the ight antesior
]gkn\md:may also be “"l:f;phe. :;xl‘r;‘;b*::;: obhquc position, with b.\m%m
of the heart above “'I‘:d“; P in the sophagus {fig 908

TRy
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Fig g og—Skuagram of a case of mutral stenosis
showing dilatation of the left auricle i the left
antenor oblique position

Fig g 1o—Skiagram of a case of mitral stenosis Fig 9 11—Angwcardiogram i a case “of
showing miliary nodules 1n the lungs due to mmutral stenosis Showing the left auricle in
hamosiderosts the second ablique position

T 289
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As a rule, the chamber enlarges backwards and to the right, and may
often appear in the antero-posterior view just above and overlapping the
night auncle (fig. 9.07). Occasionally, 1t enfarges backwards and to the left,
when 1t may be scen best in the left anterior oblique position, just above
and overlapping the shadow of the left ventricle (fig. g 0g and g 11). Ap-
pearances ta the lung fields occasionally resemble those of miliary tuber-
culosis (fig. 9 10). They have been asenbed to pulmonary hemosiderosts
similar to that seen m certain harmoly tic anemias of childhood (Gumpert,
1947)-

'"-E"‘%;‘éﬁ?:?’ =

Fig 9 s2—Electrocardiogram i a case of mutral stenosis showing widened bifid P waves
particularly m Jeads 1, 2, Vs and V6 The heatt 1s vertical

Angiocardiograms prate that the bump on the left border of the heart
between the pulmonary arc and left ventricle 1s the left auricle, not the
conus of the nght ventricle

Electrocardiography. Electrocardiog ty show widened bifid
P waves, particularly i leads 1, 2, V4, Vg and V6 (fig. g 12), indicating
left avricular enlargement; they are not necessarily very cansprcuous {fig.
g 13). Occasonally, P is tall and sharp (fig. 9 14), as in pulmonary heart
disease, 1nd nght auricular enl Pulmonaty hypertension or
tricuspid stenosis may then be responsible. When there is cansiderable
right ventricular enlargement, partial right bundle branch block 1s common,
although standard hmb leads may give little indication of it (fig 9.15)
Right 20s deviation in mutral stenosis is usually fiuc to a vertical heart, the
QR complex from the left ventricle being transmitted to lead VF (fig. 9.2}




MITRAL STENOSIS

Fig g 14—Standurd lead electrocardiograms in 4 cases of mutral stenosis showing tall
sharp P waves Iike those seen in pulmonary heart disease,
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or it may be due to partial right bundle branch block, the RS complex from
V6 being transmutted ta VL, and the RSR pattern from V1 being trans-
mited 10 VF, the heart then being electsically horzontal, In raye instances
a QR complex may be seen in lead Vi: this is probably due to clockwise
ratation about the longitudinal axis (viewed from below), and represents
potentials at the back of the heart.
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Tig 9 13—Electrocardiogram 1n a case of nutral stenosis showimng partial right bundle
branch block

Functional studies ‘The vital capacity and fung +olume are reduced and
the arm-to-tong } time 15 prolonged in praportion to the degree
of pulmonary congestion. The jugular venous pressure and nght auricular
pressure tend to be slightly elevated when there are symptoms of effort
tntolerance - before the development of congestive heart falure proper.
When, chinically, the venous pressure is normal, 1t may yet be possible to

g 1ts consp levation on effort. This 1z good evidence of
limited cardiac reserve.

The nght ventnicular pressure, measured by means of cardiac catheteri-
sation, is usually somewhat raised, mean figures mostly ranging berween
10 and 30 mm Hg above the mean nght auncular pressure. In tight
stenosis with patoxysmal cardiac dyspneea, however, extremely high
pressures are ‘found {30-60 mm Hg).
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gestive failure develops, it is always low The arterio-venous oxygen
difference is then increased.

Complications

1. Auricular fibriflation Auricular fibnllation 1s common, occurring
sooner or later 1 5o per cent of cases Its mcidence bears a linear relation-
ship to the age of the patient When 1t occurs 1n adolescents or in young
adults it nearly always signifies rheumatic activity. Although it may eccur
1n paroxysms at first, 1t soon becomes permanent, and attempts to restore
normal rhythm with quinidie are apt to be fruitless and dangerous. Aun-
cular flutter is 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 fuilure and because they mncrease the nsk
of embolism

2. Congestive heart falure. Paroxysmal cardiac dyspneea and pulmonary
edemna are due to mitral stenosts 1n about g per cent of cases, when they
represent conssderable obstruction at the mutral valve and a strong nght
sentricle acting with normal rhythm Attacks are prone to occur on effort,
when the nght ventricle pumps more blood into the lungs than can escape
through the tight mitral onifice They are readily induced by a rigor Con-
gestive heart failure may occur with normal rhythm or may follow the
onset of auricular fibrillation or flutter Recurrent rtheumatic acuvity, inter~
current infection, pregnancy and heavy manual work are the most impor-
tant provocative factors

3 Hemoptysis was first correlated with mutral stenosis by Wilson in 1830
(Rolleston, 1941) There are two common causes: rupture of an engorged
vessel, and pulmonary infarctton Hzmorrhage from the former 1s apt to
be short and brisk, from the latter, prolonged Pulmonary apoplexy usually
occurs with normal rhythm, pulmonary nfaretion with auricular fibrillation
and heart failure

4 Systemic embols Clots form n the dilated left aurcle in 12 per cent of
all cases of mutral stenosis, and 1n 24 per cent of those with auricular
fibrillation (Davis and Weiss, 1931) Ill-adyised quinidine therapy may
excite the liberation of such a clot

5 Laryngeal palsy Gross left aunicular dilatation may compress the left
recurrent laryngeal nerve and paralyse the left vocal chord (Ortner, 1897)

Dilatation of the left pulmonary artery assists in the process (Fetterolf and
Norrs, 1913) Huskiness of the voice follows The condition 1s not rare 1n
advanced mitral stenosis

of recurrent bronchitis Rhonct may obscure the characteristic murmur and
the correct diagnosis may then be overlooked
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8. Bacterial endocardutis. Acute or subacute bacterial endocarditis may
comphicate mutral valve disease n any stage of 1ts history, including that of
acme rheumatism, and should nlna)s be borne in mind.

iated diseases. Rh d arthritis {page 256) and arachnodactyly
(page 235) have already been discussed. Essential hypertension was found
n 28 per cent of 150 cases of mitral disease reported by Berconsky and
Neuman (1945), but was regarded as fortuitous. Coincident thyratoxicosis
1s not rare. Despite the fact that rheumatic fever occasionally causes
coronary artentis, angima pectoris 1s Very uncommon in mitral stenosis, and
when present may be attributed to independent coronary ath !
The ncidence of tuberculosis tn cases of mitral stenosts is lower than in
the general population

Course and prognosis. The average hife history of rheumatic heart disease
with mutral stenosis may be summarised as foliaws The mitial rheumatic
attack occurs between the ages of 8 and 1z Severe cases dre within ten
years, these are nearly all sull actne Those who make a good immediate
recovery usually reman free from symptoms for about twenty years
Breathiessness on exertion sufficient to limut the patient’s ordinary activities
then develops, and prog to congestive heart failure within two or
three years The average age at death 1s about 35. Patients 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 auricular fibnifation is
38 (De Graff and Lingg, 1935} The duration of auriculac fibnllation
averages but two to threc years. Such figures provide 2 useful basis upon
which to assess prognosss sn any parheular case, but individual variation 1s
great, some patients dying m adolescence, others reaching old age. Each
should be judged on its own merits, due consideration being paid to effort
tolerance, heart size, rhythm, congestive heart fatlure, and particufarly to
recurrent or persistent rheumatic activity Life expectancy is hittle influ-
enced by the prcsehte of other vaive lesions,

active rh carditss 1s probably the most important factor
determmmg prognosis. Thus, De La Chapclle 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 in
66 per cent of all cases of rheumatic heart disease which had died from
congestive failure

3. AORTIC INCOMPETENCE
Pathology. Rheumatic inflammation of the aortic valve may cause imme-
diate aortic incompetence. Healing usually results 1n 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
comumissures), so that some degree of aortic stenosis is usual, Secondary

calcification 15 common, especially when there is stenosis.

Effect on function. The stroke-v volume of the left ventricle is mereased by
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an amount which is at least equal to the quantity of blood which leaks back
during diastole. The fibres of the left ventricle become considerably
stretched in diastole. the force of the heart beat 1s therefore augmented
according to Starling’s law. The initial tension is mereased, 1sometric con-
traction is abbreviated, maximum pressure 1s higher than normal and 1s
attained earlier in systole, the ejection phase is shortened, and the pressure
then falls away steeply in late systole. In other words, the shape of the
pressure cune 13 altered so that early systole 1s Joaded and late systole
unloaded (Wiggers, 1935) The large quantity of blood pumped so quickly
and powerfully into the relaxed arteries duning early systole causes an
abrupt percussion wave followed by late systolic collapse. The low drastolic
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Fig 9 a aoruic diastolic murmur
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, as 1t 1s m patent ductus arteriosus and arterio-venous aneurysm,
which have much in with aortic p Effort tolerance 1s
usually remarkably good until the disease 1s well advanced Sooner or later,
however, left ventricular failure develops, often suddenly and p
The heart then becomes overloaded and the output falls below normal

Clinical features. Unhke mutral stenoss, aortic incompetence develops
dunng the stage of active valvulitis, and may be at once permanent Its
early dizgnosis depends entirely upon recogmsing an aortic drastolic 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

v
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duastolic murmur, there 15 no gap between it and the second heart sound,
the one passing imperceptibly into the other. Thus the usual two-beat
metre of the heart sounds 1s not altered (fig 9.16). In distinguishing aortic
from mitral diastolic murmurs, the greatest stress is laid on this difference
m rhythm; for aortic murmurs may be heard best at the apex beat, and
mitral murmurs towards the base. It has already been explained that owing
to the appreciable period which must elapse between the closure of the
aortic and the opening of the mitral valves, mitral diastolic murmurs gite
rise 1o a three-beat dactyhc cardiac metre.

When incompetence 13 more pronounced, numerous changes in the heart

. ! von—— ) f N — NIRRT

Fig 917

the pulse of aortic mcompetence
‘The percussion wave 1s unusually abrupt, collapse 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 15 heaving. At the mutral area a diastolic murmur may develop
which has all the qualities of mutral origin there 1s 2 gap betsveen its com-
mencement and the second heart sound; 1t 15 soft, low pitched, and rum-
bling, it may be accentuated in presystofe This is the Austin Flint murmur
and may depend upon interference with nutral valve function by regar-
gitating blood, or upon left ventricular dil It is indistinguishabl
from the diastolic murmur of mitral stenosss, but is rarely accompanted by
a thrifl.

During systole the increased 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 is palpated, this sudden shock feels like a water-hammer
(a Victorian toy consisting of a small quantity 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 gcllap.se of large arteries is we!l seen in

the carotds, especially when the patient sits up. This characteristic visible
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behaviour of an artery above heart level 1s Cornigan’s sign (Corrigan, 1832)
On auscultating the femoral or other large artery, a systolic murmur 1s
heard when the vessel is compressed, when a enitical pressure ts applied to
the artery just distal to the stethoscope, a drastolic 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 9 18—5k showing of Fig 919 d oblique position showing
the aortic arch and enlargement of the left enlargement of the left ventricle and unfoldiog
ventricle m & case of aortic ncompetence of the 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 1s overcome by the dicrotic wave Above the obstacle the dicrotic
wave is exaggerated, below 1t the dicrotic wave 1s flattened out Hence the
diastolte murmur 1s heard above but not below the constriction The cen-
tnifugal direction of the passage of the wave which causes the murmur has
been proved by means of 1 multiple phonoar

{Luisada, 1943)

Vasodil

the collap quality of the pulse, further
lowers the diastolic blood pressure, and causes capillary pulsation The
latter may be demonstrated by hghtly compressing a finger nail, by trans-
slluminating the tip of the finger, or by pressing a glass shde agamnst the
lips Its presence depends upon direct transmission of the arterial pulse
wave to the capillanes, and 1t oceurs 1n any condition m which there 15
sufficient relaxation of the arterioles to allow this Thus capillary pulsation
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may be seen in normal subjects after a hot bath, in thyrotoucosts, arterio-
senous aneurysm, fever, and 1 most hyperkinetic circulatory states, Pul-
satton of the retinal semns 1¢ another common finding

Skiagrams show enfargement of the left ventnicle and prominence of the
aorta, The ascending aorta pushes the superior vena cava further to the
nght, the aortic knob 1s accentuated, and the descending limb appears
further to the left (fig. g 18). Unfolding of the arch is seen better in the left

Fit 9 20—FElectrocardiogram 1 a case of aortic incompetence showing evidence of left
ventncular enlargement

antenor oblique position (fig 9.19). Fluoroscopy reveals exaggerated pulsa-
nian of the left ventncle and sorta Electrocardiography may provide addi-
tional evidence of left ventricular enlargement {fig. 9 20)

Most of the features described above are common to all forms of aortic
mcompetence, but therr degree varies according to the etiology of the
lesion. Aortic ncompetence may be due to a congenital bicuspid valve, to
sheumatic valvulitis (active or healed), to bacterial endocardutis, syphilitic

2 rheumatic history, signs of assocrated aortic stenosis with or without
calcification, the presence of other valve lesions, absence of angina pectoris,
and by a normal erythrocyte sedimentation rate. It 1s not always easy to
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be certain as to whether the mitral valve is stenosed when the chref leston
is obviously aortic incompetence, for then a mitral presystolic or diastolic
murmur, backward displ. of the asophagus, and widened bifid P
waves may not have their usual sigmificance The practical point emerges
that a case presenting as one of aortic incompetence, with doubtful signs
of mitral stenosis, is better judged rheumatic on other grounds

Course and prognosis 'The average life expectancy of rheumatic aortic
incompetence 1s 20 to 30 years from its development, Prognos:s should he
based on the size of the left ventricle, and upon the degree of incompetence
as judged by peripheral vascular behayiour. Effort tolerance often remains
remarkably good until near the end. Failure is commonly with normal
thythm, and is usually left ventricular at first. Complications are practically
limited to bacteral endocardtis.

4 AORTIC STENOSIS

Pathology. Fibrous scar tissue representing healed aortic valvulitss usually
causes fusion of the cusps at their commissures. Shght narrowing at the
aortic aperture is thas found in most cases of rheumatic aortic valie disease
When fuston extends further up the margins of the cusps, true stenosis
results, Valve leaflets become thick, rigid, distorted and often unrecog-
misable. Secondary vahve calcification 1s common The aorta and large
arteries often remain remarkably free from atheroma.

Effect on function. The zortic onfice must be reduced to about one-
quarter of its natural size before changes 1n the circulation can be demon-
strated (Wiggers, 1935). Left ventricular pressure curves 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 in aortic incompetence Pressure curves obtamned from the
dorta show an imtial steep nise interrupted by an anacrotic notch and
followed by a slower rise that reaches 1ts maxtmum late 1n systole; the
maximum pressure attaned 1s less than normal The more severe the
stenosis, the earher the anacrotic notch The ejection phase 1s prolonged

To maintamn the stroke volume and cardac output great power must be

devcloped by the left ventricle. The chamber 1s more hypertrophied and
less dilated than in zortic incompetence. Again, the left ventricle must have
sufficient time to perform 1ts task 1t needs a long stroke and requires to be
well filled 1n diastole,
. Clinical 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
0ld age, usually in the sixth decade Female patients tend to be younger
than male.

P.anems with aortse stenosts may complam 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
kinds, cardiac and vasomotor. Cardiac syncope 15 abrupt and fleeting, and
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may be due to paroxysmal ventricular fibriliation or possibly to locking of
the valve (de Veer, 1938) Such attacks herald sudden death from a similar
mechanism. 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

et |
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Tig 9 2r—Arterogram m a case of aoruc stenosis The percussion wave 13 prolonged,
and_the maxumum pressure 18 reached late in systole
{By courtery of Drs Frances Gardner and 3lav Zoob)

Fig g 22~Arterrogram dlustrating pulsus bisfetsens 1 a case of combined aortic stenosis
and incompetence P 13 the percussion wave, T the tidal wave, both are sy stolic events
(By courtesy of Drs Erances Garduer and Max Zoob)

The physical signs are as follows.

t. There 15 often a delicate pale pink complexton ~ the Dresden china
fook. )

2. The pulse 15 characteristic when relatively slow (fig. ¢ 21), being
small and sustamed (plateau or slow-rising pulse). It depends upon the
Jonger duration of left ventricular systole, the low blood pressure, and upon
the delayed development of maximum aortic pressure These features tead
to disappear 2s the heart rate quickens. When aortic incompetence is pre-
sent as well, the pulse assumes a “bisferiens™ qualuy (fig. 9.22). To Fhe
palpating finger it feels double, and may even he mistaken for coupling
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percussion wave and 1ts reflection trom the pertphery. Aortic itncompetence
mcreases the force of the percussion wave; aortic stenosis prolongs 1t
Neither alone will produce this pulse.

3. The blood pressure is variable. In severe cases 1t 1s low, and the pulse
pressure is small, but in mild or moderate cases, or when there is recog-
misable zortic ncompetence, 1t
may be elevated and the pulse
pressure may be increased.
About 10 per cent are truly
hypettensive —an incidence 2
good deal lower than 1n con-
trols of the same age-group.

4. The apex beat is displaced
downwards and to the left, and
the cardiac impulse is slow and
heaving The left ventricle is
hypertrophied  rather than
dilated,

5. A basal systolie thnll is
usually present It 1s best
appreciated when the patient
leans forward and stops breath-
ing in full exprration It may be
most intense either to the right
or to the left of the sternum A
systolic thrill may also be felt  Fig o 23—Skiagram of a case of aortic stenosis
over the carond or subelavian  shoyn et clageens o he e el
artentes Although such a thnill nilar congestion
is not dmgnostic of aortic
stenosis, 1t 15 suggestive and encourages prolonged search at the base

6. A long, rough, basal systolic murmur s almost mvanable. It 15 con-
ducted into 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
aortic valve can be seen 1n most cases, particularly if the patient 1s over go.

8. The electrocardiogr: " . ) ) o
ventricular enlargement.
trophy and to the lack of .

Standard leads then show the concordant pattern of left ventricular pre-
ponderance (fig. g 24) Exceptionally high-voltage R waves are characterzs-
tic of aortic stenosis T is frequently inverted 1n leads facing the surface of
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the left ventricle. Left bundle branch block occurs in about 15 per cent of
cases, auricular fibrillation 1 about 5 per cent.

Differential diggnosis. If as much attention were pad to the quality of
the peripheral pulse as to cardiac murmurs, zoctic stenosis would be bath
less frequently orerloohed and less often d d in error. Functional
basal systolic murmurs should not cause confusion. The murmur and thrill
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Pig 9 z4—Electrocardrogram in a case of 3attic stenosis showng concordant left senteicti-
lar preponderance mn standard leads, the heart being vertical

of ventricular septal defect, though lower and more to the left, may be
mote difficult to distinguish, but the normal peripheral pulse, normat
electrocardiogram, X-ray appearances, and absence of valve calcification
help to prevent mistakes, Grganic mutral p may be recognised
by the normal peripheral pulse and by the size and bebaviour of the left
auricle when viewed fluoroscoprcally The site of the mavimurm intensity
of the murmur s less rehable evidence.

Etrological diagnosis is more difficult. Rheumatic aortic stenosis must be
d d from t and caletfic atherosclerotic vaneties, In con-
genital sub-aortic stenosts, symptoms are absent, the heart 1s fittle enlarged,
peripheral vascular findings are minimal, there 15 no aertic incompetence,
and calcification 1s rare, Congenital valvular stenosis may be indistinguish-
able from the rheumauc varety, but the fesion is usually discovered in
childhood, growth 1s retarded, the aorta may be hypoplasic, and incom-

petence does not occur, i o ]
1t is uncertam whether calcific aortic stenosis in eldetly or middle-aged
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subjects is atherosclerotic or rheumatic. Thus eleven of twenty-one cases
reported by Christian (1931) gave a lustory of rheumatic fever. Dry and
Wilkws (1939) obtained a rheumatic history in 22 per cent of 228 cases, and
Clawson, Noble and Lufkin (1938) found a rheumanc history in 35 per
cent of 200 cases On the other hand, in the quoted sentes of Dry and
Willius, there were g1 necropssed cases without disease of other yalves, a
rheumatic history was obtained 1n only four of these—the usual mcidence
in any series of normal controls. Agam, tn the quoted sertes of Clanson
and his colleagues, 20 3 per cent of the patients were under 41 years of age,
and 39 per cent were under 51, moreover, 89 had a mitral 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 stenosis in
elderly people 1s rheumatic. On the pathological side, Clawson (1931)
particularly has drawn attention to the frequency of mnflammatory stigmata
of the rheumatic type, but others, notably Soval and Gross (1936), have
been unable to confirm such findings The best evidence of a rheumauc
or other inflammatory etolegy is perhaps the remarkable absence of athero-
sclerosts 1 the aorta and coronary arteries 1n most cases. All observers have
agreed on this pomnt that these vessels must have been long protected by
the stenosis Howeser, Monckeberg’s original thesis that calofic aortic
stenosts in elderly subjects may be degenerative (Monckeberg, 19o4) has
not been altogether disproved

Clinically, calesfic aortic stenosis n elderly subjects behaves Iike rheu-
matic aortic SIenos:s

Course and prognosis At least 15 per cent of aoctic stenotic 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 risks succumb to congestive heart farlure sooner
or later

The prognosis should be based upon the behaviour of the peripheral
pulse, upon the size of the left ventricle, and upon the nature of the symp-
toms When the pulse and left ventricle are relatively normal, the outlook
15 good, and Iife expectancy kttle curtailed Cardiac syncope and angmna
pectors are sersous, and give warning of sudden death at any ime Between
these two extremes all grades of severity are encountered Most cases,
however, enjoy good effort tolerance until well 1nto middle age

5 TRICUSPID INCOMPETENCE

Tnecuspid incompetence may be functional or organic, the former bemng

dary to right ve lar dil with exp of the i

ring Chinical distinction is difficult in the first instance, but the course and
response to digitalis and to rest may clanfy the ssue Functional incom-
petence may be temporary; organic tricuspid disease is always permanent

‘The diagnos:s 1s based upon the following features

1 The cervical veins are engorged and pulsate with extraordinary
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wigour, The quality of venous pulsation is altered: when there is auricular
fibrillation, which is usual, a single prolonged venous pulse may replace
the normal double movement; the £ and v waves of the jugular phlebogram
are more or less fused (fig. 9.25). The normat drop in venous pressure that
follows the ¢ wave is due to systolic descent of the base (floor of the auricles
or atrio-ventncular septum), which produces a suching effect. In tricuspid
competence this negative pressure is replaced by partial ission of
the tight ventncular systolic pressure to the right auricle (Bloomfield

Fig 9 25— Jugular phlebogram showing fusion of the ¢ and © waves in 3 case of tcuspid
meompetence, owing to auricular fibrillation the o wate 1s absent,
B courtess of Dr Mav Zoob)

et al., 1946} When there 1s normal rhythm the ventricular form of venous
pulse may be preceded by a powerful a wave, the jugular pulse is then
double, but the abnormal form may sull be recognised at the bedside.

2 In long-standing cases 4 brownish pigmentation may be seen in the
skin, especially of the head and neck.

3. Systahe expansile pul of a derably enlarged laer can
usually be recogrised by palpation This must be disttnguished from trans-
mtted night ventricular pulsation

4. There 1s usually an early, long, blowing systolic murmur Iow down
the left border of the sternum, and there may be an associated thrill, The
murmur may increase in full inspiration

5 X-rays show gross dilatation of the night auncle, the border of which
meets the diaphragm at a right angle, or even obtusely (fig. 9.26) In pen-
cardial effusion this angle is usually acute, On flucroscopy the nght avricle
occastonally expands in systole, and the nght lobe of the duaphragm may
reflect hepatic pulsation -

6. Catheter studies have demonstrated reversal of the central venous
pressure gradient duning systole, forward flow being fimited to diastole
(Bloomfield et al, 1946) Venous valves take on the function of the tri-
cuspid valve. The diagnosis of tricusprd i 1p may thus be
proved by demonstratng 8 highet mean pressure in the nght auncle :md.

than in the subclavian vem (Sharpey-Schafer, 1947%

superior vena civa



Fog 9 36—Shusgram chowing gross diatation of the rght suncle with & blunt aght
cardio-phremuc angle i & case of trcuspid mcompeten:
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moreover, as the catheter is withdrawn, pulsation ceases abruptly the
moment the pressure falls (fig. g.27).

The recognition of organic or permanent tricuspid incompetence is
mmportant, because patients so afflicted would otherwise be kept in bed
indefimtely, in the belief that
they suffered from congestive

B
g

: \ heart failure, Yet these patients
i

H 4

may remain remarkably free
from symptoms, and may be
able to carry on their daily

H

3 work for years, despite gross

; A physical signs.

] . \ . 6 TRICUSPID STENOSIS

il \ Although organic disease of

4 the tricuspid valve is found at
L - “ “ *  necropsy in Io to 15 per cent

s O CATTIE winiORRWN
of all cases of chronic rheumatic

Fig 9 27-~Graph illustrating fall 1 mean heart disease (Smnh and
central venous pressure as the catheter 1s . .
withdrawn from nght auncle and supenior  Levine, 1942), clinical tricuspid
vena cava mnto the subclavian vein stenosis 15 1nfrequently recog-
nised It is nearly always
accompanied by mitral stenosis (Pitt, 1909), often by aortic valve disease
as well,

Tricusptd stenosis prevents proper cardiac filling, and in this respect
resembles constrictive pericardiis (Thompson and Levine, 1937). Pul-
monary congestion threatened by other valve lesions 1s thus prevented,
attacks of dyspncea and orthopneea are noticeably absent; systemic venous

gorg hepatic d ion, ascites, and cedema, occur instead Trt-
cuspid p 1s usually d

The dragnosis is based upon the following findings:

1. Engorgement of the cervical vems The characterisuc finding 1s an
abrupt and powerful  wave, which may be called a venous “Corrigan”;
this does not alter with change of posture. It 1s, of course, only present 1n
cases with normal rhythm,

2 Browmsh discol of the skin, especially of the head and neck,
as in tricusptd mcompetence. Jaundice may also occur,

3. Considerable enlargement of the liver, sometimes progressing to
«cardiac cirrhosis”. The organ is unduly firm and 1s not tender Pulsation
is presystolic when due to transmission of.a giant a wave, or systolic if

It may be accompanted DY & LML AS RHUAUSLCUOSS 13 Tledtiy atways
present, a separate tricuspid murmur easily escapes notice.
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5. Gross dilatation of the right auricle seen on fluoroscopy.

6. Tall sharp P waves m the electrocardiogram 1n cases with normal
rhythm (fig. g 28), They represent right auricular hypertrophy. Owing to
coincident mitral stenosis the P waves are usually widened as well. Aun-
cular fibrillation, however, 1s often present

Fig 9 28—l showing liy tall P waves i a case of mutral and
tricuspid stenosis

The most sigmificant fact about tricuspid disease 1s that 1t gives nise to
gross signs, suggesting severe night ventricular farlure, 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 diagnosis Life expectancy
averages about five years from the time the diagnos:s 1s first made (Aceves
and Carral, 1947).

MYOCARDIAL FIBROSIS

The rheumatic process affects the heart muscle as well as the valves,
leaving patchy myocardial fibrosis. Occastonally, cases of heart fatlure come
to pecropsy m which nothing but patchy fibrosts 15 found It 1s possible
that some of these represent old rheumatic carditts Again, farlure may
oceur mn rheumatic heart disease when valvular scarring s insigmificant,
Permanent heart block or bundle branch block may be caused by fibrosts
at the approprate site.
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ADHERENT PERICARDIUM

Pencarditis 15 one of the more innocent rtheumatic lesions in respect toits
after-effects Sometimes the two layers of the sac are fused and thickened;
but this causes no trouble. Secondary calcification is rare, and scanty when
present. Occasionally adhesions form between the pericardium 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 Broadbent's sign is positive. Current opimion
favours the view that this, too, 1s relatively innocent. Pick’s disease, or
chromic constrictive pericarditis, 1s very rarely, if ever, rheumatic, The
matter 15 more fully discussed in Chapter XII.

TREATMENT

Competitive effort and hard physical work should be forbidden. Pre-
cautions should be taken against exposure to cold and infection. Patients
are advised to train for a sedentary occupation, as a safeguard against pro-
gressive cardiac enlargement and future breakd In mmld cases mod
physical exertion may be allowed, but the patient must live well within the
Ttmats of effort tolerance.

No drugs, no particular diet and no special measures are required, except
for complications, which must be treated as they anse, 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 promusing operation is mtral
valvulotomy as performed by R. C. Brock (1950) Anastomosing a pul-
monary vem to the azygos vein (D’Allaines et al, 1949) certainly relieves
congestion 1 the lesser circulation, but presumably lowers the cardiac
output and 1s unlikely to be so effective ultimately. The same may be said
for the more hazardous procedure of tricuspid valvulotomy
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CHAPTER X
OTHER FORMS OF CARDITIS

THE HEART IN DIPHTHERIA

IPHTHERIA may cause peripheral circulatory collapse, or toxie
Dmyocnrditis 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 antitoxin 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 ill-
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 toxtc depression
of the vasomotor centre, perhaps to penphcml sympathetlc paresis, or
possibly to f g of the vessels th Oc ly 1t is brought
about by suprarcnal faxlure due to necrosis or hemorrhage. The earlier the
onset of circulatory collapse, the worse the prognosis Patients usually re-
main in 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 diphthena may be comphcated (as well as alleviated) by
serum therapy, for this may induce not only immedmate collapse from

hyl shock in a d mdividual, but also later collapse from

loss of plasma mto the tissue spaces assocxated with serum sichness. Urhi-
carra and cedema, usually on the ninth day, may be extreme, and result in
a dimnished blood volume and heemoconcentratton. Diphthentic crrcula-
tory collapse and allergic ““shock’” may thus be expected at about the same
time, and diagnostic difficulues may arise

‘Treatment of both conditions consists of absolute rest, adrenaline, 7 to 10
mumims (0 4 to 0 6 ml.) subcutaneously, two- to four-hourly, and of raising
the foot of the bed Sodum salicylate, 20 grains (1 3 G }, two-hourly, and
the antihistamine drugs are helpful i serum sickness The hmbs may be
bandaged with advantage in diphtherttic airculatory failure, and the
cautious infuston of plasma 1s not trrational The prognosts 1s grave.

TOXIC MYOCARDITIS

Pathology. Diphtheritic carditis, being toxic in nature, may prove fatal
without causing advanced changes in morbid histology The characteristic
31
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finding is hyaline degeneration or necrosis of muscle, the fibres losing their
striations and presenting a swollen granular appearance. Lesions are
patchily distnibuted, and only short segments of individual muscle fibres
may be affected. Monocytes cluster round the debris, and fibroblastic
repair follows

Clinical features. Disturbances of rhythm tend to occur first, usually
during the second week of the disease. Partial or complete heare block, and
bundle branch block are the best known, and in patients who recover from
the illness are usually, but not nvariably, transient (Perry, 1939). Both
heart block and bundle branch block commenly denote severe carditis,
most such cases proving fatal (Burkhardt, Eggleston, and Smith, 1938).
Ectopic beats are and although often i and unrelated to
carditis, should be viewed with suspicion in diphthetia. Auricular fibrlla-
tion and paroxysmal tachycardia are rare. Ventricular fibnllation may be
responsible for sudden death

Other evidence of cardutis tends to occur a little later, usually during the
third week Sinus tachycardia, gallop rhythm, enlargement of the heart and
reduction of the pulse pressure are usual. The onset of heart failure may be

d by pallor, breath) p dial oppression and vomiting

Congestion 1s systemuc rather than pulmonary, the jugular venous pressure
being raised and the liver distended; there 1s rarely orthopnaa, paroxy smal

cardiac d , or v cedema. Sigmifi and peri~
cardal fiiction are absent.
The el diogram is especially helpful in the diagnosis of diph-

theritic cardinis, much more so than in rheumatic carditis. Depression of
the RS-T segment or primary tnversion of the T wave 1 most feads 15
charactenstic, and 1s found during the second week in the majority of cases
which develop climcal carditis, and m some that do not. A similar pattern
may be produced in cats within 48 hours by injecting diphtheritic toxin
{(Nathanson, 1928) Of 6oa cases of diphtheric studied by Altshuler et al.
(1948), 108 or 18 per cent developed these changes, while only 11 show ed
heart block.

Radiological studies on diphtheritic carditis are rare, because patients
are nat aflowed to stand ot sit, and should not be moved to the X-ray
department. Portable skiagrams give little 1nformation about the size of
the heart.

Prognosis. The outlook is grave, for sudden death 15 common, and pre-
sumably results from ventricular fibrillation or asystole Some patients die
from congestive heart failure. Not infrequently, associated circulatory
fashure complicates the picture. Those who survive usually des c_lop poly-
neuritis later, and this 15 apt to be severe. The total mortality rate is difficuft
10 assess, for mild cases may well be overlooked, but it 1s usually put at

t.
Soll;e:h?;mcm survives, the ulimate prognosis is c)scellent {White e;tm;sv
1937), and complete recovery may bhe promised without resenve.
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impottant that the patient should be convinced of this from the start, in
order to prevent anxiety neurosts and to maintain good morale.

Treatment. Antitoxsc serum will already have been administered 1n most
cases, if not, it is too late to give 1t by the time cardiovascular symptoms
develop. The axiom that antitoxin cannot do any harm and mght as well
be given even at this stage is untrue; for serum reactions are common and
may prove fatal when there 1s toxic circulatory collapse or caiditss,

Prophylactic treatment, 1n addition to early and adequate doses of anti-
town, consists of complete rest in bed for 2 mmmimum period of one month
mn all cases of diphthena If by the end of this time there 1s no evidence of

lar or n ion, there s little further nisk te hife
Should any such intoxication have occurred, however, bed rest must be
extended for another month; otherwise sudden death may occur during
convalescence 1n the second month Patients may be treated with far less
respect subsequently, even when they have extensive polyneuritis.

The treatment of recognised carditis is unsatisfactory. Absolute rest 1s
essential, for sudden slight effort, even sitting up 1n bed, may prove fatal
during the cnitical period. Patients should be nursed flat, with one pillow,
and should have everything done for them, including bemng fed and
washed.

Duet should be hight and flmds himited to two pints daily Digitalis 1s
dangerous and should only be used in rare cases when auricular fibrillation
with a raptd ventricular rate 1s assoctated with severe congestive heart
fallure Auricular fibnllation without failure 15 unlikely to last long if
untreated, and 15 less dangerous than digitalis Diphthenitic heart failure
with normal rhythm responds poorly to digitalis, and the drug is usually
better withheld

THE HEART IN ACUTE INFECTIONS

Up to the beginning of the twentieth century 1t was generally believed
that toxic carditis was a common complication of certam fevers, such as
mnfluenza It came to be recogmsed, however, that although “cloudy
swelling” and “fatty degeneration” were often found at autopsy m cases
dying from severe general infections, ¢linical evidence of cardiac involve-
ment was rare The change of view followed the establishment of stricter
criterta for diagnosing organic heart disease. palprtations and mrregularities
of the heart were shown to be due to autonomuc disturbance or to mnocent
ectopic beats, systolic murmurs lost their previous significance, effort syn-
drome following infections was proved attnbutable to anwtety, X-rays
failed to confirm clutcal cardiac en[argemem (based ou the position of the
apex beat), standard lead el were rarely ab: ! The
weight of negative evidence was considerable, and 1t became the custom to
recognise no form of carditts other than that due to rheumatism or diph-
theria In recent years, however, the earlier view has gamned some support
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Thus, Burch and Reaser (1947) considered infectise or toxic carditis to be
the most common cause of organic heart disease. Gore and Saphir (1947)
found that diphthenia and rheumatism accounted for less than 23 per cent
of fatal cases of myocarditis; they contended that carditis was common in
a host of infectious and protozoal diseases, intovications, and allergic
states, including especially scrub typhus, bacterial endocarditis, menin-

1 sep and sulph de allergy. At the same time an
increasing number of cases of 1solated myocarditis (Fiedler's) have been
reported. It may be as well, therefore, to review the knonn facts erncally;
for there 15 grave danger that this modern swing-back may go too far.

FAILURE OF THE PERIPHERAL CIRCULATION

Cardiovascular disturbances 1n acute infections are commonly of two
kinds, and netther 1s due to 2 cardiac fauit. The first1s peripheral eirculatory
farture This may be due to depression of the vasomator centre, to ‘0.“"9
paresis of the vessels themselves, to suprarenal failure, or to dlmim.mun
of the blood volume from dehydration or from loss of plasma into the tissue
spaces through damaged vessels The essential mechanism is critical dis-
crepancy betneen the effective vascular capacity and the blood volume,
and the chief chnical feature 15 low blood pressure.

A good sign of vascular relaxanon is a markedly dicrotic pulse, and
although not necessanily serious, should put the physician on guard.
Another sigmificant feature 1s palior and coldness of the extremities, due to
vasoconstiiction in the skin; this appears to be a compensatory mechantsm
helping to mantan the venous pressure and blood pressure when dan-
gerous vasodilatation occurs elsewhere, €.g. in muscle Impending fature
of compensatory vasoconstriction may be indicated by waxing and waning
of the systolic blood pressure through a range of 10 to 20 mm. Hg A founh
ndication of circulatory failure is mental confusion or fantness in the
sitting, posture Whilst tachycardia is the rule, and the half-hourly pulse
chart of some value, 1t should be understood that deceleration sometimes
accompanies a falling blood pressure, and that the character of the pulse is
as uportant as its rate. .

Circufatory failure should be treated by nursing the patient flat or with
the foot of the bed raised, and by the intravenous admunistration of serum
ot plasma by the drip method, with or without 0.5 to 1 mg. of adrenaline
to the bottle

The second common cardtovascular reaction to acute fevers ts vasamotor

d during \ wee. This is di d in Chapter XXI

TOXIC MYOCARDITIS
True tovic myocarditis does occur, however, especially perha neuﬂ-
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theritic carditis, which it bles. This histol 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 tonsillitis or common cold were reported by Gore and Saphur
(1947), and ascribed to toxic myocarditss Thirty-one of them, however,
could have been due to diphtherta or pneumonta, a negative throat swab
does not exclude diphtheria.

Myocarditis and diffuse glomerulonephritis have long been known to

1 bactenal endocarditis; but when the death-rate of the septiczemic
stage was 98 per cent, they recesved relatively hule attention. Since the
mtroduction of pemcillin, however, heart failure from myocarditis has
become chiefly responsible for the present 25 per cent mortality.

Histological exammation of the heart 1n cases dying from meningococcal
infection may disclose evidence of carditss; but clinteal signs of cardrac
involvement are most unusual, and the total mortality rate in adults 1s less
than 1 per cent (Daniels et af , 1943) Whether meningitic or septiczemic
in form, the infection responds particularly well to sulphonamides, and
the rare occurrence of chnical carditis would probably be attributed to
sulphonamude allergy.

Allergic forms of carditis, sometimes with peri-artertis, grant cells,
eosmophuls, and nodules, have been described (Reinhart, 1946), sulphona-
mudes 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 di d lupus (Humph 1948)

A most convincing type of protozoal carditis may accompany South
Amenican trypanosorniasis, or Chagas’ disease (Chagas, 1909) Leish-
manial forms of T crus: multply chiefly 1in the cells of the heart, bramn
and hiver; 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 Miller,
1945).

Carditis accompanying scrub typhus (Tsutsugamushi fever) 1s less con-
vinemng  Although histology may reveal myocardial damage and cellular
nfiltration 1n fatal cases (Corbett, 1943), the clinical course of the disease
seems to be httle mfluenced by them (Willtams ez 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 10 cases seen durng the stage of fever, the
electrocardiogram was virtually normal (Howell, 1945) For fuither infor-
mation the reader 15 referred to the issue of the Amerwcan Journal of
Hygiene, May 1945, which 15 devoted to studtes on scrub typhus

To assess the clinical value of the work of Gore and Saphir quoted above,
1t 15 worth noting that 16 per cent of their 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 entirely on autopsy findings- there were 227 examples of scrub
typhus, 208 of bacterial endocarditis, 144 of diphtheria, 130 of rheumatic
carditis, and 1035 of sulphonamide allergy. The reader will draw his own
conclusions,

o

carditis panying acute infections in Great
Brtain (other than rheumatic fever, diphtherra, and bactenal endocarditis)
is undoubtedly rare. This applies as much to typhotd (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 diphtheritic myocarditis, except that they may

sy
. .

i 2 i A 4 i

Fig 10 o1—Electrocardiogram 1n a case of toxic myocarditis due to pneumonia.
(a) Shows partial heart block with dropped beats and inversion of the T wave in all leads
(b) After recovery.

occur earlier, during the febrile stage of the infection, Symptoms attsi-
butable to cardrac involvement may be absent; on the other hand, there

may be d P dv pallor and peripheral cy due
; o

P >
1o congestive failure, substernal opp or 1, or palf
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associated with changes of rhythm. It may be difficult to distinguish cardiac
symptoms from those due to general toxzemia, particularly when there 1s
penpheral circulatory failure, Sudden death 1s not infrequently the first
tragtc proof of myocarditis.

Physical signs include a 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 peripheral circulatory failure, and the gallop rhythm to fever
(especially when there is anemia) The size of the heart may be difficult to
assess under the clinical circumstances, and the patient should not be
moved to the X-ray department for more exact information The rmper-
tance of recognistng 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 fibnillation, 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 10.01).

Sometimes the course of toxic myocarditis 1s subacute or chronic. The
chncal features then closely resemble those of isolated (Fiedler’s) myo-
carditis, described on page 318,

Prognosis. If the diagnosis 1s beyond doubt, the outlook is grave, the
mortality rate probably approachmg 50 pet cent Whether central or peni-

the

pheral in hani: of hyp and a small raprd
pulse is always dangerous; and congestive heart failure often proves fatal.
lities of thythm and alterations of the T wave, without the mani-

festatlons Just mentioned, are perhaps less serious

Many cases of mild 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 applcable) for all
acute nfections are axiomatic, bed-rest should be 2bsolute 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
against 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 is well raised and the hiver distended, however, 1t should not be
withheld, and 1t may be invaluable m cases of auncular flutter or fibrilla-
tion. Mersalyl and a low sodium diet may be given if there s flurd retention
Quimding, 3 to 5 grains (02 to 0.3 G) t.ds,, 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 is apt to be fatal or otherwise according to its severity and
irrespective of treatment. As in diphthena, nearly all who recover, do so
completely

ISOLATED MYOCARDITIS

Isolated myocarditis (Scott and Saphit, 1929) is 2 subacute mflammation
of the heart of unknown etwlogy, charactensed by patchy myocardual
necrosis, cellular mfiliration and fibroblastic repair, as in other forms of
myocardstis. 1t was first properly described by Fiedier (1899). The disease
may nat be a specific enuty and 15 difficult to distinguish pathologically
from known forms of towic or miective myocarditis of 1elatively long
duranon

Incidence Although still relatively rare, 1solated myocarditis ts being
T d with g frequency The majority of eases have occurred
1 subjects between the ages of 20 and 50, but infants, children, and old
people are not exempt The disease has been reported sporadically in most
countries and races, the only posstble minor epidemic occurred in African
troops serving in the Middle East (Bedford and Konstam, 1946}, but
nesther 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-
nutrition

Patholagy. Patchy necrosis of muscle is thought to be the primary lesion
{fig. 1002) Cellular reaction may be focal or more diffusely interstitial.
Monocytes predomunate, but 1n the acute stage polymorphs may be mere
numerous. Hemorrhage and exudate may occur, Giant cells, eosinophuls,
and atteritis suggest another etiology-—allergy Fibroblastic repair follows
As 2 rule, all stages of activity and healing are seen 1n the same specimen;
occasionally, extenstve interstitial fibrosss 15 found alone, and 1s beheved to
represent the end-result of the same process

In some cases small brownish-yellow areas of gelatinous necross may be
seen with the naked eye, particulariy in the inner third of the myocardwum
The pericardurm, endocardium and valves are not snvolved; but mural
thrombi are common, and may give mse to emboli and infarcts in other
organs
Clinscal features. The hustory is invariably short, rarely longer than a few

A SN P .

onset (Josserand and Gallavardin, 1901; de Ja Chapelle and Uraet, 1931)

The physical signs ate usually those of congestive heart fadure with 2
normal or low blood pressure, small pulse pressure, sinus tachyeardsa, peri-
pheral cyanosis and pallor, cold general ent of the
heart {fig. 10.03), gallop rhythm, and noumal valves, The electrocardio-
gram often shows left bundie branch block. Angina decubitus may occur,
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Fig 1o01—Foesl necroms m a case of Fiedler's carditis

(2) Low power

ocytes and eosmophils.
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{By courtesy of Dy ¢ V' Harrison)
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(5) High power The cells are macrophages, plasma cells,

319



n a case of Fi

ent of the heart ¥

Fig 1© 03— Skgra™ showng general entargen
carditis



OTHER FORMS OF CARDITIS 321

although the coronary arteries are healthy. In one such case Bayley (1946}
recarded typical anoxic depression of the RS-T segment, and attributed 1t
to the fact that the lesions were mainly close to the endocardium of both
ventricles

Changes of rhythm are not unusual, and include paroxysmal tachycardia,
auricular flutter or fibnllation, and partial or complete heart block. Ven-
tricular fibrillation and sudden death may occur, as 1n diphtheritic and
other forms of myocarditis. Embolic pulmonary infarction may result from
dislodgment of right ventricular mural thromby, or from phlebothrombosis
in cases of congestive failure. Left ventricular mural thrombi may lead to
embolism in the central nervous system, viscera, or limbs.

Differential diagnosis. The case usually presents as one of heart farture of
uncertain etiology. It 1s at once distinguished from the hyperkinetic crr-
culatory states (e.g. an=mia, beri-beri, arteriovenous aneurysm, Paget’s
disease of bone, thyrotoxicosis, 2noxic pulmonary heart disease, uremta,
and certain diseases of the liver) by the obviously low cardiac output, but
thyrotoxic heart failure with a low output may cause confusion. Myxedema
should be recogmsed by the slow heart rate and general features, the basal

rate, diog: and blood chol ol will resolve any
doubts. Hypertensive pulmonary heart disease may be excluded by the
k and electr d ‘The heart 15 usually too large for Pick’s
disease, but pericardal effusion may be clpsely simulated: the apex beat is
usually felt easily, howeser, 1s often forceful, and 1s obviously much dis-
placed to the left, the pulse is not paradovical and the blood pressure may
not be low enough for cardiac tampoenade. Gallop rhythm peints to 2 myo-
cardal fault The elenmcardicgmm may show left bundle branch block,
partial heart bIocL of RS-T and T wave changes more accordance with

N N N

cases.
Rare forms of heart disease which may be confused with isolated myo-
carditis mclude congemml hvpenrophy. familial cardlomegal), von Grerke’s

disease, , Y and, of
course, other forms uf myocardms
Ttimmte fal_ Lo,

closely r bles isolated my Scard The end dial fibrosis
described by Dastes (1948) may have a simular etrology

Course and prognosis 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 occmired within a few weeks of making the
diagnosis or of admitting the patient to hospital

Treatment Absolute rest in bed, digitahs, mercunal diretics, a low
v
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sk d

sodum diet and may helptod y ; but the generat
response is poor. Angina decubitus may be relieved by pethidine, 50 to
100 mg , or physeptone, § to 10 mg., four- to eight-hourly.

PYOGENIC CARDITIS

In addstion to causing toxic myocarditis of the type previcusty described,
pyogenic orgamsms may directly infect the heart. They may produce acute
pericarditis with or without sterile or purulent effusion (Chapter X1I}, or
may be responsible for acute bacterial endocarditis (Chapter XI) The
staphyl and ionally the p , may cause miliary
abscesses m the heart muscle as part of 2 general pyzmis, Chemotherapy
has greatly improved the prognosis of all forms of pyogenic carditis

MYOCARDITIS DULE TO DRUGS

Certam therapeutic drugs have earned the reputation of being dangerous
10 the heart, etther by causing transient toxic myocarditis or by inducing
ventricular fibrillation or asystole In the first group the best known are
digrtalis and emetine; m the second, choloroform, adrenatine, and p i
Toxic myocarditis due to drug allergy 1s 1n a different category, and has
already been discussed.

DIGITALLS
Digialis is undoubtedly the best ple of a therapeutic drug which
may cause dangerous myocardial posoning
Pathology. Buchner (1934) first demonstrated that necrotic myocardial
lesions could be produced in animals (cats) by means of digitalis. Deanng,
Barnes, and Essex (1943), also working on cats, produced focal necrosis,
cellular reaction, and fibroblastic repair. Similar necrotic lesions may be
provoked by fchohine and by direct vagal” stimulation
(Banting and Hall, 1936, 1937), and have been ascribed to coronary con~
striction In the belief that the lesions due to digrtalis were caused by the
actvity of acetylcholime, Kyser, Ginsberg and Gilbert (1946) succeeded m
preventing them by the simultaneous adminstration of atropine or 2
coronary vasodilator, such as theophylline Whether digitalis intovication
1 man 15 charactensed by simular patchy myocardial necrosis, and whether
this 15 mediated by vagal stimulation, remam to be proved, but it is 2
reasonable hypothesis
Climscal features. Anorexia, nausea or vomting, and diargheea, usually
give sufficient warning of digitahs overdosage, but there may be no such
. mdication when carditis from other causes is already present. Disturbances
of rhythm are common, and include coupling due to premature ectopic
beats (fig. 10.04), nodal rhythm, partial or complete heart block (fig. 30 o5},
multiple ectopic beats, anricular fibrillation, paroxysmal tachycardsa (fig.
10.66), and sudden death from ventricular fibrillation,




Fig 10 04—Electrocardiogram showing coupling from ventricular ectopic beats due to
digatalis

Fig 10 o5-~Electrocardiogram showing partial heart block due to digitalis
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g 1stic sagging def of the
RS-T segment, maximum in leads V4-6 when there is normal or increased
left ventricular dominance, or in leads V1-2 when there 1s right ventricular
preponderance. The depression 15 transmitted chiefly to lead VL or VF

The elect di shows

Fig 10 08—Shorteming of the Q-T interval due to digitalis Q-Tc—o 3 sec

and thence to the appropriate standard lead according to the electrical
position of the leart (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 1aterval 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,
but 1t 15 rarely necessary If the degree of intoxication appears dangerous,
however, 1t may be given 1 doses of } mg two- to four-hourly for a day
or two

EMETINE

Emenine 1s another therapeutic drug with a reputation for causing toxic
myocarditis, the chief danger being abnormalittes of rhythm, particularly
ventricular fibrillation Emetine was used a great deal amongst Batsh
troops 1n the Mediterranean theatre during the second world war, but ill-
effects on the heart were very rare if they occurred at all, Patients recerving
emetine, however, were always confined to bed throughout the course.
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OTHER DRUGS

Potasstum, when used 153 lacge single dases (8 10 16 G )} to stop paroxysmal
tachycardta or multiple ectopic beats, ar to differentiate between sschzmic
and other causes of T wave inversion, 1s undoubtedly dangerous, and may
cause sudden death from ventricular asystole, preceded by increasing heatt
block and bundie branch block (fig. 10 og). Spontaneous potassium pouison-
ing may cause sudden death in vreoma,

Fig 10 09— Widening of the QRS complex anc accentuation of the T wave due to a high
blood potassium 10 a case of urermia The tong Q=T s due to hypocateemea

Adrenahne . \arg: doses may excrte ectopic beats or almost any change
of rhythm except heart block Transtent hypertenston and 1nverston of the
T wave m leads Vy4-6 are common, Violent palpstations and substernal
discomfort may occur, and patients with ischemic heart disease usuafly
develap a severe attack of angma pccmns Chmcal examples may result
from errars in the dose of ad , or from sp
hyperadrenalism in cases of pheochromocytoma.

Chlorofornt 1s sn example of a group of drugs, mostly anwmsthetics, which
may cause sudden death from ventercular fibrilation, especially in the
presence of an excess of adrenaline,

Nicotine, as absorbed by heavy smokers, is capable of little more than
provoking ectopic beats Barim chlorsde has a ssmilar effect In a minority,

X mduees sction and may adversely influence hyper-
1ension, ischmmuc heart disease, and peripheral vascular disease, especially
thrombo-angntis obliterans. It also appcars to aggravate thymm‘ucoms

Alcokolis a didator, and 1 may benefit ischami
heart disease; on the other hand, it may increase the work of the heart,
especially if the blood volume is temporarily rmsed Heavy drinkers may
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P O e R [T S FR A U

than Athey should, Otherwise, there 1s no evidence that alcohol has any
effect upon the heart,

THE HEART IN ACUTE NEPHRITIS
Carditis accompanying acute nephritts (Whitehill et al, 1939) and
toxzzmia of pregnancy (Szekely and Snaith, 1947)1s particularly mteresting.
‘The chief clinical features are elevation of the venous pressure, 2 tendency
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Fig 10 10—Graph 1llustrating a high nght auncular pressure that does not respond to
digitalisna case of acute nephritis There 13 a conspicuous rise of blood pressure and slight
slowing of the pulse, the cardiac output 1s unchanged

to develop acute pulmonary cedema, general enlargement of the heart, and
inversion of the T wave 1n leads facing the surface of the left ventrcle
gMaster, Jaffe, and Dack, 1937) The degree of hypertenston is often
insufficient to explain these findings Nephrntic cedema 1s usually present
and the blood volume may be rased

That there is some form of cardiopathy seems to be proved in certain
cases by the behaviour of the cardiac output, which may fail to nse as
expected when the venous pressure 1s high, on the other hand, the lack of
response to digrtahs (fig. 10 10) suggests that the heart 1s not usually over-
loadeq. Histological examination of the heart muscle 1n fatal cases 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 is little, if any,
necrosis (Gore and Saphir, 1948).

It 1s probable, therefore, that the raised venous pressure 1s mainly due
to an increased blood volume from retention of sodium and water or to
some agent causing veno-constriction; and that, as arule, the heart responds
normally, but that n certain instances cardiac function is impaired, owing

perhaps to biochermical rather than structural changes in the heart muscle,
and that acute pul y edema 15 a f of left ventricular
farlure, even when the blood pressure is but httle raised, The subject needs
further investigation,
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CHAPTER XI

BACTERIAL ENDOCARDITIS

any of the heart valves or of certain congemtal anomalies of the heart

or great vessels (bactenial endarteriuis). It occurs in two main forms:
acute (mahignant), due to infection with any of the pyogenic bacteria; and
subacute, due mainly to the Streptococcus viridans; but many other organ-
1sms have been 1solated from both types. This broad classification is neces-
sanly attificial, the course of the disease depending on the virulence of the
arganism and the resistance aof the host, There 1s no clear division between
the two types, and they are better considered as one disease.

There is usually some underlying fault, congenital or acquired The most
susceptible 1 lies are pul y stenosis, bicuspid aortic
valve, ventricular septal defect and patent ductus arteriosus; atrial septal
defect 15 remarkably immune Any acquired valve lesion may become m-
fected, including syphilitic aortic incompetence (Martin and Adarms, 1938)
and caleific aortic stenosis (Brink and Smuth, 1937); but old rheumatic
valvuliis 18 commonly to blame In quite a number, active rheumatic
1nfection 15 still present when bacterial endocarditis is superimposed.

BAC‘I‘ERIAL or tnfective endocarditis means bacterial infection of

PATHOLOGY

The lesion 15 superficial and is not a valvulitis in the sense that rheurnatic
endocarditis 1s* bacteria invade the surface of a damaged or congenitally
deformed valve, and are encouraged by the formation of small superficial
thromb1 which provide an excelient culture medum. Both in the natural
disease and expenmentally in dogs, there appears to be a paucity of granu-
Jation tissue and of cellular reaction; the microbes are not destroyed and
healing does not take place Elsewhere in the hody similar foci of bacteriz
are rapidly walled off by granulation tissue and the Jesion is invaded by
leucocytes the microbes are destroyed and the inflammation soon subsides
(Friedman, Katz, Howell et al.,, 1938)

The macroscopic appearances vary according to the infecting organism,

tending to be finely g lar with strep viridans, uk e and
hamorrhagic with the heemolytic strep and p pro-
Yiferative with the g When 4 with genital defects,
the site of the veg depends upon the d of blood flow through

the defect: thus, in the maladie de Roger vegetations are found on the right

side of the patent interventricular septum, and on the wall of the right

ventricle 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 Valsalva. In old rheumatic cases vegetations may spread
on to the endocardium of the left auricle (Thayer, 1926).

The myocardium may show scattered focal lestons sumilar to those seen
in isolated 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 in 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

Bacterial 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
in young adults. Males are affected rather more frequently than females
Auricular fibrillation occurs in only 2 § per cent of cases (McDonald, 1946),
presumably because it is not a feature of the congemtal lesions mentioned,
is uncommon in rheumatic aortic valve disease, and occurs late 1n the hfe-
history of patients with mutral stenosis There 1s no evidence that the two

conditions are mutually antagonistic.

CLINICAL FEATURES

Patients may present th Ives with cardiac symp pyrexia of un-
known origm, anzmia, a cerebral vascular lesion, subacute rheumatism,
nephntis, broncho-pneumonia, or with other patterns which depend upon
the nature of the invading organism, the underlying cardiac leston, and the
caprice of the disease process At the onset, symptoms are often ascribed to
influenza, but fail to clear up The diagnosis rests upon the combination
of 2 vanety of signs which will be considered ndividually.

Cardiac abnormalities Evidence may be present of one or other of the
various 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 abnormal auscultatory signs of heart disease, the diagnosts
1s 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 ifection ylelds to treatment or not Its importance has
been more widely d since the introd of p

Pyrexta Acute cases are always febrile, subacute cases are always febrile
at some stage in the disease, but bouts of fever may alternate with afebrile
periods The fever is wregular mn type, usually low grade or moderate
degree, and may continue for weeks, months or years.

Anemia Anzmia nearly always develops early, and 1s already present in
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about three-quarters of the patients when first seen. It 1s indeterminate in
type, being normacy tic and ic, even when inted with hemo-
Iytic infections. The red cells may be reduced to about threc million and the
hamoglobin to about 6o per cent, giving a normal colour index. Stamed
films and bone marrow samples reveal no specific features. If microcytic
hypochromic anzmia 1s found, the diagnosts should be doubted, for iron-
deficiency anzmia itsel may cause many of the signs and symptoms of
bactenal endocardius, e.g. functional systolic murmurs at the base or the
apex of the heart, splenomegaly, petechize, red cells m the urine, and even
low grade pyrexia

The whne count 1 varmble It may be normal; on the other hand there
may be moderate leucecytos:s or leucopemia Leucacytosts is usually asso-
ciated with acute septicemic cases, normal or leucopenic counts with sub-~
acute infections.

Splenomegaly The spleen 1s usually patpable 1t may be softas in typhoid
when due to septicstrma, 1t may enlarge rather suddenly as » result of
spiemc snfarction, when it 1s tender; it may be firm in subacute cases; or it
may be so large as to cross the mid-line 1 chrome cases

Peteclue Petech are coramon and sometimes appear in successwe
crops They may be seen under the nails, in the ocular fundy, in the con-
junctvee, or anywhere in the skin or mucous membranes Under the nails
they resemble small sphinters (Horder, 1926), 1n the fund: they may have
white centres of exudate, in the shin they must be distinguished from
nunute telangiectases—Campbell de Maorgan's spots Petechz, tn succes-
sive craps ar otherwise, are in no way diagnostic of bacterial endocarditis.
They are due to capillary hwmorrhage and may oceur 1n any condition in
which the capiifanies are suitably damaged, ncluding most forms of sep-
cema, acute r} fever (espectally when d with acute

oot e ! T * 1 endocardais the
! nems.,
. by the capillary

AT

TesIstance test,

A cuff is placed on the upper arm, inflated to a pressure of 5o mm of mercury,
and maintained for five minutes; alternatively a pressure of §o mm of mercury
smay be mantained for three munutes The arm belaw the cuff is then mspected.
Most normal subjects are unaffected, but some develop a few tiny petechice in the
ante-cubtal fossa The result of the test may be expressed as shightly, moderately,
considerably or grossly posmive, or as negative, the four positive grades repre~
senting transitions from a few tiny hmorrhages to gross purpura.

It may be posttive or negative i bactental endacartitis when spontzneous
petechiz are present When positive 1t 15 well to make sure that yitamin
deficiency 1s not responsible, or to cover this passibility by giving adequate

B . PO ) . . -
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Clubbing of the fingers (and toes) Clubbing occurs in about half of the
subacute cases, but as it takes at least 3 to 6 weehs to develop, 1t 15 rare m
malignant endocarditis, Early elubbing may be recogmised by noting con-
gestion and thickening of the nail-fold, and Joss of the normal angulation
between the nail-fold and the base of the nail. Slight clubbing should be
interpreted with caution, howeser, for it may occur in many conditions
including active gt ic carditis. Conspi bt on the other
hand, provides excellent supportive evidence of bacternal endocardstss, 1f

cyanotc congenital heart disease, pulmonary abscess, bronchogenic carci-

noma, and a ital origin can be excluded. The mect of clubbing
is not yet fully understood

Nodes. Osler’s nodes are small, transient, erythematous lestons about the
s1ze of a pea, lasting a few days, and vivid pink 1 colour svhen fresh, bluish
when fading, often with a darker centre; they are raised, 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, 190g). They are due to infected cutaneous emboli, and the respon-

sible organism may sometimes be cultured from them

More important, perhaps, because more common, are larger deeper
* nodes which vary from the size of a pea to that of a grapefrut They are
red, pamful, hot and tender, may occur anywhere i the hmbs, and may
be mistaken for osteomyelitis or pertostitis. When a lesion nvolves the
finger it closely resembles an ordmnary infected pulp; 1t 15 non-suppurative,
however, and disappears in about a week 1f left alone Cultures from the
mflamed tissue may yield Streptococcus viridans Red, tender macules are
equally charactenstic and even more common, and may also yield positive
cultures from biopsies.
Embok In addition to the minute emboli which cause white-centred
petechiz and the nodes just mentioned, larger emboli may block any artery
bral, visceral, or peripheral. They are more common 1n the radal,
ulner, posterior tibial, and dorsal artery of the foot, than i the avillary or
femoral artery, because their size 15 limited For this reason penipheral
emboli are often symptomless and are only discovered by those who
look for them. In cases of suspected bactersal endocarditis the peripheral
vessels should always be palpated, and therr patency noted for future
reference.

Mycotic aneurysm Ulceration or degeneration of the wall of an artery due
to local inflammation from an mfected embolus lodging within the vessel
o 1n 1ts vasa vasorum may result m the formation of a small aneurysm In
a penipheral vessel this 1s controllable, but when 1t occurs m a visceral
artery fatal hzmorrhage from spontanecus rupture may ensue.

Pulmonary embol. When bacterial endocarditis involves the pulmonary
or tricuspid valve, or when it 15 associated with a left to right cardiac shunt,
as 1n patent interventricular septurn, embol may be flung into the pul-
monary circulation, Numerous small pulmonary wfarcts result, and may
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give nse to a clinical picture resembling recurrent or subacute hremorrhagic
bronchopneumonia,

Renal lesions. The various renal lesions that may occur in bacterial endo-
carditis represent almost every aspect of the disease.

(1} An embotus lodging in a small renal artery leads te simple infaretion
of the kidney, with hematuria, or without signs or symptoms,

(2) Minute bacterral embali may cause embolic nephritis, which in
greater or less degree s found in the majority of cases. Only some of the
glomeruli are involved, rarely more than 60 per cent, and most of these
have some of their capilary loops intact, so that the tuft is not entirely
avascular, and the health of the tubules 15 not seriously threatened Affected
capiflaries are converted into a hyaline mass and red cells may be found in
the capsular space and in the unme Embolic nephritis does nat cause renal
failure because a sufficient number of glomeruli are always spared (Baehr,
1921}

(3) In acute pyogenic forms of bacterial endocarditis, particularly when
pneumococcal or staphylococeal in ongin, miliary abscesses may be found
1 the substance of the kidney

(4) Petechiz due to simple capillary hemorrhage may occur on the sur-
face of the kidney in the absence of embehe nephritis. They are then simifar
to those found in the pencardium, pleura and skin.

(5} Ordmary acute diffuse glomerulo-nephntis may occur as with other
streptococeal infections, and may progress to renal failure; but not more
than 5 o 10 per cent of all cases take this course.

(6) Simple congestion of the kidney may resuit from heart failure and
grve mise to albuminuria and to a few red cells in the unne,

Tt will be apprecated that these s1x types of renal lesion represent throm-
botie emboh, bemgn bacterial embol, sephc emboli, simple hremorrhage,
toxzmia or alfergy, and heart failure respectively, and that nearly all the
features of 1 1 dacardinis may be und d 1n terms of these six
factors.

Changes in the ocular fundus. Swnple petechiz, like those in the skin, are
fairly common. Oceasionally, they have white centres, and may be embolic
in orign [t should be understood that these white centres represent exu-
date, and that :dentical lesions may be seen 1n other conditions, particularly
leukzemia, pernicious anzmua, and malignant hypertension. The exudate
may be surrounded by hemorthage or may be to one side of it. Embolism
of the central artery of the retina or of one of its main branches may cause
complete or partial loss of vision, but 15 fortunately rare Finally, papil-
ieedema or papillitis, with or without widespread hzmorrhages and ext~
dates, is not uncommon when there is diffuse glomerula-nephutis, the
appearances bling those of malig hyp {on.
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DIAGNOSIS

It is emphasised that pyrexia, anemia, splenomegaly, petechie, and
diffuse glomerulo-nephritis may occur wherever the site of the cardiac
lesion, that systemic emboli, mycotic aneurysms, nodes, and embolc
nephritis signify left-sided lesions, e.g. aortic or mitral valve disease. that
multiple hemorrhagic infarcts in the lungs are the prerogative of right-
sided valve lesions and of left to right congenital shunts, such as patent
ductus and maladie de Roger (Barker, 1949).

Clinically, bacterial end ditis should be 1n all cases of
unexplained fever with suspicious auscultatory signs in the heart If an
indeterminate anzemia is also present, a determined search should be made
for other evidence; if splenomegaly, petechiz, and red cells 1 the unine
are added the diagnosis becomes probable, but 15 still uncertain, On the
other hand, clubbing of the fingers, nodes, peripheral emboli, mycotic
aneurysm, nephritis, and characteristic fundal changes may, each one of
them, be diagnostic of bacterial endocarditis when associated with fever and
an appropriate cardiac lesion,

The diagnosis is confirmed by a positive blood or bone-marrow culture.
Six tubes are usually set up from each sample; and 4 to 6 samples should
be obtained at diff times, preferably when the temp 1s high,
before a negative result is accepted, It should be pointed out, however, that
blood cultures from patients with pyorrhea or with dental abscess may
grow Streptococcus viridans when the specimen is obtained after chewing,
so that the diagnosis of bacterial endocarditis should never rest on positive
blood culture alone.

c red

NATURAL COURSE

Untreated patients with acute infection die n a matter of days or weeks,
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, deseribed by Libman as bacteria-free periods. Death may
result from heart failure, cerebral or other visceral embolism, hamorrhage,
urzmia, or other causes. According to Libman and Friedberg (1941), about
3 per cent of all patients recover spontaneously, but Lichtman (1943) found
that only 1 per cent of 2,596 cases coll d from thel sor d.

PROGNOSIS
Penucillin and streptomycin have radreally altered the course of bacterial
endocarditis; for the infection can now be controlled m 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 toxic myocardtis and to the relatively rapid increase 1n severity



336 DISEASES OF THE HEART AND CIRCULATION

of valve lestons. Urmmia accounted for anly 6 per cent of the 131 deaths
i the combined hospitals senes reported by Christie (1948); emboli 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 nutritional state of the patient. _

Relapses are common in inadequately treated cases, but should not
exceed 10 per cent in pattents who have receved at least 0.5 mega unit of
p tha daily for a mini 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 knawn,  ~

TREATMENT

Prophylactic. Surgical repair of patent ductus arteriosus not only cures
the defect, but protects the patient from infective endarteritis Repair of
coarctation of the aorta may be less successfut in the second respect because

£ may yet corapl an d bicuspid aortic valve.

Dental hygiene 1s particularly important i all patients who have con-
genital heart disease or chrome valve disease. Tooth extractions, tonsi-
lectomy, and other E.N.T operations should be covered by 100,000 units
of pensesllin six-hourly for 48 hours.

Acute pyogenic infections should be treated with pemcillin rather than
sulphonamides in patients who are ible 1o bacterial endocard

Chemotherapy. Sulphonamides have proved disappointing, and although
they may temporarily sterilise the bioad stream and lower the temperatute,
they rarely cure the disease Chemotherapy 1s at a disadvantage because
bactertal endocarditis 13 pracucally avascular, As previously stated, bacteria
are burted in a mass of thrombotic vegetations which serve as an excellent
cultare medum It 1s ble to suppose that if the formation of such
thromb: could be prevented, the culture medium would become exhansted
and the bactena would starve or become cxposed to chematherapy. To
effect this, hepann has been administered intravenously, either by the drip
method or by four-hourly njection, over a period of weeks, the dosage
being controlied by the clotung time of the blood which 1s kept at 30 to 60
minutes.

1 tried thus treatment for the first time in 1937 it an early case of bacterial
endocarditis due to Streplococens virsdans on the mitral valve

The patient was a youngish woman 11 2 good state of nutrition, wha presented

venous injections at four-hourly intervals over a period of three wecks, and the
clottng time was kept between half an hour and four hours. From time to tme
she bled rather profusely from her teeth, but there were no other ill-effects “m."l
the end. Tn addition to the heparin, & full course of sulphanilamide was adminis-
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tered from the tenth day onwards. Two hours after the 1ast dose of heparin, when
her clotting time was stll in the region of one hour, she died suddenly of sub-
arachnoid hamonhage due, possibly, to a ruptured mycotic ancurysm. Owing to'
the prolonged clotting time she had no chance against this catastrophe {\! aump-a)
(when the blood was stilt unclotted) old v egctations were seen on the mitral valve,
but there were no recent thromby, the surface of the granulations beng smooth
and white Macroscopically the objeet of the treatment appeared to have been
achieved M picall howerer, Dbacteria could bie seen 1n the old
thrombi, cultures from which were positne.

It was concluded from this experiment, which offered a peculiar oppor-
tunity for autopsy inspection at the cntical moment, that three weeks
hepann bined with sulphanilamide was mncffecuve. Subse-
quent work has confirmed this obsenvation (Leach et al., 1941).

Another methed which it was hoped would yield more fruitful results
was to combine chemotherapy with hyperthermia, for sulphonammides are
more potent at higher temperatures in vitco (White and Parher, 1938); but
this prosed hittle better than hepanin. Of a senes of 489 cases treated with
sulphonamides alone, collected by Lichtman (1943), 4 per cent recosvered,
of 109 cases treated with sulphonamides combined with heparin or hyper-
thermua, 6 4 per cent recovered.

‘The situation has greatly improyed since the introduction of pemiaillin
Patients should be treated early, as soon as the diagnosts 1s chinically pro-
bable, without waiting for positive results of blood cultures Enery effort
should be made to counter malnutrition, and a blood transfuston should be
given if there is sertous anzmia

The standard dose of peniciliin 15 0.5 mega unit daily, given in divided
doses of 60,000 units three-hourly, 8c,000 umts four-hourly or 120,000
untts six-hourly, and continued for twenty-eight days Nothing less than
this will suffice, and larger doses prolonged for six to etght weeks are often
necessary One of my patients was not controlled until she recewved a
million units three-hourly and a total of 250 mullion 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 Swift and maintamed chinical response 1s the only
rehable cnterron by which to judge the correct dose If, however, the
resistance of the orgamsm 1s known to be more than eight times that of the

standard test stramn of Oxford staphylococcus, the dose of pemucillm should
certamnly be increased proportionately (Christie, 1948) If the coefficient of
resistance 1s 10, ot less than 100,000 units three-hourly will suffice, 1f 20,
then at least 200,000 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 n units per ml may also be measured, and
;hecked agamst tables giving the expected level for the dose employed
eak levels should range from 2 to 25 umts per ml with doses of 60,000 to

An
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500,000 units intramuscularly; constant levels between 1 and 10 units per
ml. with daily doses of 500,000 to 4 miilion units.

To avoud the discomfort of frequent needling, there is an increasing ten-
dency to give massive doses of penicillin {0 25 to 0.5 mega unit) three or
four umes daily. As these massive doses have a penetrating power denied
to more modest quantities, there 1s something to be said for this method,
but they should not be given too infrequently.

Another way of reducing the frequency of injections while maintaining
a sufficiently high blood level over the 24 hours 1s to give a suspension of
procamne perucillin n o1l (Herrell, Nichols and Heilman, 1947) ampoules
are available containing 300,000 units per mi., injections are painfess and
may be given once daly Particular care should be exercised m using oily
solutions on patients with right to left intracardiac shunts, owing to the
danger of paradoxical cerebral embolism

Finally, the blood level of penciflin may be increased up to fourfold by
the oral adminsstration of certain substances such as benzoic acid {Bronfen-
brenner and Favour, 1945), sodium benzoate, or caronamide (4*fcarbocy/
phenylmethane sulphonamlide) which intetfere with penicillin excretion by |
the renal tubules. The dose of each of these substances is z-3 G. four-
hourly (Boger et al., 1948) Caronamide may be combimed with sodium
benzoate with some advantage and 1s a valuable adjunct to treatment in
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 if a relapse follows adequate treatment, every effort
should be made to culture the organism and to determine its sensitwvity ta
pemccithn 1f 1ts resistance 1s not greater than eight times the standard, the
dose of penucillin should be doubled, and treatment should be continued
for s1ix weeks 1If the cocfficient of resistance 1s greater than 8, the dose of
peniailiin should be increased proportionately. If the organism is highly
resistant, or 1f 1t has not been 1solated and the mfection remains uncon-
trolled, streptomycmn may be tried. The dose is 1 to 3 G. daily for four to
six weeks Caronamide does not influence the blood fevel of streptomyein,
for the latter is excreted by the glomerul.

Toxic reactions of penicilfin. Apart from local pain from subcutaneous or
superficial intramuscular injections, and phlebothrombesis from intra-
venous injections, the only toxic festations which can be attributed to
penicillin are fever and urticaria. Fever was cammon when crude pemcillin
was nsed, but 1s rarely seen nowadays Urticaria develops in about § per

cent of cases and may be extreme, soft tissue cedema and hydrarthrosis
are occasionally associated. ‘This allergic reaction is alleviated by
adrenalme and by the antihistamine group of drugs. Peniciflin may bc
continued 1n mild cases, but may have to be stopped if the  ction i3

severe 5 . :
The chief tosic effect of streptomycin is on the vi 58 0
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the sense of balance may be permanent if heavy doses are continued after
giddiness has developed. A conservative dose of 1 G. daily, however, may

be continued in the p of minor esttbular symptoms if the latter are
ited by means of antihi ine drugs.
Less toxic antibi such as chl yeetin, are hkely to replace strepto~

myan in the near future.

Other considerations. An infected ductus should be controlled by pent-
cillin, then ligated as soon as the patient is fit enough.

Heart failure should be treated in the customary fashion, but the prog-
nosis is grave in these cases

Duffuse glomerulo-nephritis may be mistaken for a relapse of bactenal
endocarditis. If the renal function is impaired, the blood level of penicillin
may rise considerably and thus aid the primary treatment, unfortunately,
however, the nephritis usually proves fatal.
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PERICARDITIS

sence or absence of effusion, upon the nature and hydrostatic pressure
of such effusion, and upen the development or otherwise of constric-
tion in chromic or adhesive cases.

l 'HE features of pericarditis depend upon its etiology, upon the pre~

ETIOLOGY

Pericarditis may be rh \ 1 Py ic, urEmic
or secondary to myocardial infarction; malignant growths may nvade the
pericardium, hemopericardium may result from rupture of a syphilitic or
dissecting aneurysm, from perforation of a myocardial mfarct or ventri~
cular aneurysm, or from stab or gun-shot wounds of the heart, hydro-
pericardium may complicate congestrve heart farlure or myxaedema; some-
times the etiology 15 obscure All these types have their own special
characteristics which will be described subsequently, but they have also
certam features in common,

DRY (FIBRINOUS) PERICARDITIS

All vaneties of pericardial nflammation may present i this form The
diagnosss rests on three cardinal signs. pam, pencardral friction, and a
specific el pattern Disturb of temperature, pulse
rate, sedimentation rate, etc., of course, may occur, but are of hittle 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,
which is supplied by the phrenic nerve It follows that pericarditis should
be pamless unless the pain has phremc distribution, or unless 1t 1s pleura
in type from secondary involvement of that structure. In fact this 15 so 1n

the majonity of cases there is no parm; 1n some, pain s referred to the neck
or shoulder #in+ in aetonen = e B . the

breath on 1n
Pericardia

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 maximyum cardiac dullness, where the pericardium hes 1n con-
tact with the chest-wall, ‘They are superficial, rough or smooth, loud or
soft, their timing 1s peculrar, being out of step with the heart sounds Some~
times, they are confused with the to and fro murmur of aartic valve disease
341
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or with artificial stethoscopic sounds; imes they escape detection.
Pleuro-pericardial friction can usually be distinguished by its refationshig
to resprration,

Electrocardiographic changes. A d 1c ¢l d phic T, pat-

tern, first described by Porte and Pardee (1929), may be found in the
majority of cases of penutne penicarditis, whatever the etology, and whether

Ve

Fur 12 o1—Electrocardiogram showing the early phase of the poncerdl T2 pattern
is graph s atypicat n that the R-T segmient 18 not elevated in lead 3

or not there 15 effusion (Wood, 1937), It develops 1 two stages, carly and
late, the changes usually appearing 1n all leads and therefore especially 1
lead 2. In the early phase (fig 12.01) the RS-T segment 1 elevated, but
retains its natural concavity Within a few days it regains the iso-potential
level ar becomes depressed, and the T wave becomes flavtened, diphasic,
ot inverted (fig 1z 02), QRS h d throughout or losing
voltage. When the inflammation subsides the graph returns to normal,
except when a tuberenlous or pyogeme pencarditis merges into the chronic
constrietive form, when flat or mverted T waves and Iow-voltage QRS
complexes become permanent. ‘The T, pattern may only be appreciated 1n
sertal electracardiograms, as changes may be ::cnﬁned to leads 1 and 2 in
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Fig 12 o2—Electrocardiogram show:ng later the phase of the pericardial Tz pattern. case
of pyogenic secondary to b
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are recogmsable structural changes (Kisch o7 al., 1940} The carly pattern
of generalised peticarditis may be distinguished from that of myocardual
wnfarction 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, types 1 myocardial
infarction). When perscardtis 1s Jocalised, however, changes may be maxt-
mum in leads 1 or 3 {Burchell, Barnes and Mann, 1939} The later stage

Tig 12 o3~Electrocardiogram showing iate changes due 1o pencarditss, 1 the second
record (znd Tebruary 1948) they are lumited to the chest feads

may be confused with actsve cardstrs, myxedema, carbon monovide poison-
ing, severe anemua, concordant left ventnicular preponderance, combined
anterior and postertar myacardial mfarction, and long-standing con-
gestive heart farlure from any cause. On the ather hand, the characteristic
matial phase, the changing picture n senal graphs, and the chncat features
of the case usually make the diagnosis easy.

PERICARDIAL EFFUSION

Fluid i the pericardial sac may be a simple transudate (hydroperscat-
dum), a straw-coloured sterde exudate, 2 purulent exudate, or bloo
(hwmopeticardwum) It may disturb the patient i one or more of four
ways: (1) stretching of the pericardium may induce przecordial discomfort;
(2) large eff exerting | on sur ding structures, i
on the bronchi and fungs, may produce reflex cough and dyspnea; (3) s
the fluid is purulent, thete may be constitutional effects similar to em-
pyema, {3 s the pressure rises i the pencardial sac, cardiac fitling 18
hampered, the pressuce rises tn the systemic veins, the ventricular strohe-
output diminishes, and the blood pressure tends to fall The raised venous
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pressure is pactly beneficial, for it aids cardiac filling, the diminished strol\}f»
volume is countered by tachycardia; vasoconstriction seryes to maintan the
blood pressure (Stewart, Crane and Deitrich, 1938) When these com-
pensatory adjustments fail to meet the circulatory demands, the situation
becomes eritical {cardiac tamponade;

Lffusions in cx(cess of 250 lr:ﬂ. m:\))' be detected by percussion Dullness
may be elicted in the .
second left space when the -
patient [lies flat, to the left  *
of the apex beat when the
latter can be located, in the
xiphisternal angle, and to
the right of the sternum in
the 4th and 5th intercostal
spaces {Rotch’s sign, 1878)

Auscultation res eals pen-
cardial  friction 1n the
majorty of instances, even
with gross effusions, and
the heart sounds are faint
Signs of pulmonary col-
lapse arc common at the
left base (Ewart's sign,
1896), and consist of dull-
ness to  percussion, in-
creased  tactile  fremitus,
bronchial breathing, and
whispering  pectoniloquy,

01 i ricardial
B S ek v

Fluoroscopy shows the
natural contours of the heart to be obliterated by a large globular or pear-
shaped shadow which may change its shape with alteration of posture The
right border usually meets the diaphragm at an acute angle (fig. 12 04), 1
contrast to the blunt right cardiophrenic angle of tricuspid valve disease
(fig. 12 06). Pulsatton is dimunished and may be absent The size of the
shadow may change rapidly and grossly from week to week (figs 12 o4 and
12.05} In the first oblique posttion, the concave line of the inferior vena
cava at the postetior infeitor angle of the heart shadow s replaced bya
convex backward bulge

Cardiac tamponade "The pressure within the pencardial sac depends upon
the quantity of fluid, the rate at which 1t accumulates, and the elasticsty of
the parietal pericardium ‘The presence and degree of cardiac compression
or tamponade may be assessed clinically by estimating the blood pressure,
the venous pressure, the pulse rate and the amount of vasoconstriction.
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Fig, 12 05—-Floogram howing +apid dimination 1 s12¢ of cardiac ailhouctte, as &ffusion
o eorbe Tahen six weehs after Tig 3204
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Fig 12 o6—Skiagram showing the blunt night cardio-phren:c angle in trzcuspid mcom-
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Paracentesis is advised if the blood pressure falls below go mam. of mercury,
or if there is a high venous pressure together with marked tachycardia and
conspicuous vasoconstriction. The cervicat vemns pulsate less than 1n con-
gestive heart fadure, and considerably less than in tricuspid incompetence.
Vasoconstriction results tn pallor, cyanosis and coldness of the skin,
especally of the extremuties,

Thete 15 reasan to believe that cardiac tamponade seriously mterferes
with the coranary blood flow, nat only because the cardiac output is reduced
and the blood pressute fow, but because the pressure gradient between the
aotta and coronaty curculation 1s significantly reduced The myocordm
appears to suffer accordingly and true heart failure may result. This may
explain these cases that fail to recover after decompression, and suggests
that tamponade should be regarded as @ medical emergency.

Differentsal dragnosis. 1t may be by no means easy to distinguish peri-
cardtal effuston from acute dilatatian of the heart chnrcally or radiologrcally
The electrocardiogram may help, Q-Tc bewng relatively short m pericacdial
effusion and long when the heart 13 dilated When the diagnosss is in doubt,
however, 1t 1s best to explore with a needle, for the treatment of the tho
conditions 1s radically different

Treatment. The object of treatment 13 to prevent death from carduc
tamponade, and is achiesed by avoiding therapeutic agents which may
lower the venous pressure, such as mersalyl, a low sodmm diet and vene-
section, and by decompression if necessary. Paracentesss may be carrted
out 1o the left of the apex beat, or at any point where there is reason to
beheve there 1s plenty of fluid 1f the needle touches the heart, forable
pulsation can be felt, and 1t should be withdrawn a litle, or inserted else-
where; with due care the nisk of causing hemopericardium from puncturing
a coronary vessel is small. Fluid may also be removed if purulent or of
untoward symptoms are caused by pressure on surrounding structures
Haemop & which 15 resp fe for many cases of tamponade,
Ttequires surgical evacuation and repair of the underlying injury.

CHRONIC CONSTRICTIVE PERICARDITIS

Although Richard Lower described the paradoxical pulse and calcified
pericardum as early as 1669, he was not in 2 posiion to grasp thew full
significance, and 1t was Chevers who really drew atention to the disease,
giving an excellent account of it, with conswderable understanding of the
arculatory dynamics involved, n 1842 The term “Pick’s disease” 13 un-

copstnctive pencarditis.

Morbid anatomy. The condi may be regarded as a pli
of the healing process followmng tuberculous, pyogenic, and perhaps
cettain other forms of pericarditss; for the fibrous tissue which may be
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laid down so extensively in the active phase of these diseases contracts on

and hmuts diastol. pansion of the heart Calctum ss often
deposited in large quantitics, and the whole heart may become encased m
“stone”,

Etiology. Tuberculosi: for at least three-quarters of the cases,
and may be still active when constriction first develops The pyogenic
bacteria appear to be responsible for a few, and the cause 15 uncertatn or
unknown 1n the remainder. None are rheumatic (White, 1935)

Chinical features. "The clinical picture 1s one of more or less generalised
cardiac compression, the circulatory dynamics being somewhat simular to
those of high pressure pericardial effusion The unyrelding pericardum,
however, sets a ngid hmut to maximum cardrac filling, no matter how high
the venous piessure, and the_cardiac output can only be ncreased by
acceleration of the pulse (Stewart and Heuer, 1939) Patients usually pre-
sent themselves with dropsy 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. Examination reveals a high cervical venous column
with diminished pulsation and, perhaps, inspiratory dilatation (Kussmaul’s
sign), enlargement of the liver, cedema, and ascites. Pulmonary congestion
and orthopneea occur occasionally. 1n these cases cardiac catheterisation
may reveal a raised pressure in the pulmonary artery, proving that the
constriction is mainly left-sided (Oglesby ef al., 1948) The pulse 1s small
and often paradoxical, tending to disappear dunng mspiration, and the
blood pressure is inclined to be low Compensatory vasoconstriction may
give nse to pallor, cyanosis and coldness of the skin, especially of the |
extremities The heart itself does not appear to be enlarged. On palpation,
there may be an apprectable diastolic shack, as if the heart, filling rapidly
under the influence of a high venous pressure, suddenty met the unyielding
resistance of a ngid percardium, which, from a state of relaxation, was
thrown abruptly into tension; on auscultation, this 1s represented by an
accentuated third heart sound or early diastolic report Friction 1s ahsent
Aurtcular fibnllation occurs in about one-third of cases, and is the rule m
patients who are over 30 years old

Fluvroscopy reveals little cardiac pulsation, the heart shadow 1s normal
in size in 45 per cent, shightly enlarged 1n 17 per cent, moderately enlarged
in 32 per cent, and greatly so 1n 6 per cent, and has a relatively ill-defined
outhine (Oglesby, Castleman and White, 1948) Enlargement, when pre-
sent, 1s usually due to the thickness of the pericardium which may measure
as much as 26 mm (Freedman, 1939) The shape of the heart shadow 1s
also altered, bemng triangular 1n half the cases, with straight left and right
borders and a small or absent aortic knuckle. Calarfication occurs 1n about
half the cases, and 1s best seen in the left antenor oblique position (fig
1z 07)

The electrocardiogram shows low-voltage QRS complexes, with
flattening or shight inversion of T in all leads, representing the late stage




(a) Triangular-shaped heart (b) Calcification seen 1n second oblique vies.
Fig 12 of a case of

Fig. 12 a8—Electrocardiogram in a case of ¢hromic constrictive pericardins showing Tow
valtage and flat or inverted T waves
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of the pericardial T, pattern, which in these cases 1s permanent (fig
12 65).

Treatment. Treatment consists of cardiac decompresston, achieved by
surgical remoal 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 ume-consummng, but 15 amply
rewarded. The chief dangers during the operation are hzmorrhage and
cardrac arrest or ventricular fibrillation "The post-operative course has been
smoother since the advent of chemotherapy, for pulmonary and pleural
seps1s can now be avoided or treated effectively. The frequency of positive
cultures obtained from pericardial tissue removed at operation has proved
that acnvlty is no durect bar to surgical treatment, but has encouraged the

use of streptomy . Dramatic clinical recovery may be

d after | pericard , but the total op mortality

is about 33 per cent, and another ro per ccn[ of cases die shortly afterwards

{Sellors, 1946) Persistent tuberculous activity is responsible for some of

these deaths, and others have been due to imnexpenence In expert hands

the immediate surgical mortality should not exceed 10 per cent in selected

. cases under 50 years of age; the nisk in older patients s probably too great

to justify operation Excellent results are obtamed in 50 to 75 per cent, even

though the venous pressure remains somewhat elevated and the electro-
cardiogram shows persistent inversion of the T waves

ADHERENT PERICARDIUM

Durmng the first quarter of this century adherent pericardium was still
dered an important 1 of pericarditis Extenstve adhesions
anchoring the heart to adjacent resistant structures were believed to add a
heavy burden to ventricular systole The theury was coloured by the patho-
logical observations of Cabot (1926) who recorded gross cardiac enlarge-
ment d with th dh pencardms The clnmcal plClul‘e

Deaam w

of the ribs, fixation of the apex beat so that 1t failed to shaft with change of
posture, stmilar fixation of the electrical axs of the heart, and unexplained

cardiac enlargement. To cure this unh ds 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 especiall

by extensive nib resection, so that the heart could pull agarst less resistant
structures In more recent years, however, the serious consequences of
adherent pericardium have been denied, and its surgical treatment 1s no
longer favoured

Hoslér and Williams (1936) failed to produce any cardiac enlargement
or alteration of cardac function by suturing the heart and pencardium to
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the draphragm 1n 13 dogs. nor could they find a single instance of cardiac
enlargement 1n 76 cases of adherent pericarditis 1 which there was not an
adequate organic intracardiac cause, chiefly valvular disease. Similar clini-
cal and autopsy evidence was obtained by Armstrong (1940) in 72 cases
and by Evans (Parkimson, 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 (if
not confused with indrawing of the left antero-lateral aspect of the thorax,
which may occur whenever the heart is grossly enlarged) and diastolic
rebound of the ribs are reliable signs of extrapericardial adhestons, para-
doxical pulse favours constriction, and fixation of the apex beat or of the
electrical axis 1s too variable to be of diagnostic value (France, 1938).

TYPES OF PERICARDITIS BASED ON ETIOLOGY

Rhenmatec pericardiss. ‘The dry form may give nse to nothing more
serious than transient pencardral friction, but 1t has an important bearng
on diagnosis, 1ts advent during the course of rheumatic fever proving
beyond question the presence of active carditis, More extensive pericardttis
1s usually associated with gross rheumatic infection, so that serious carditis
may be assumed These patients are often very ill, but 1t 1s not necessarily
the pericarditis which makes them so The development of cardrac dilata-
tion and fmlure, under these is apt to be ken for
pericardial effusion with cardiac compression, and indeed the differential
diagnosis 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 in the second left ntercostal space, are good guides;
but the electrocardrogram may be indeterminate, and the interpretation of
portable X-ray films difficult (the pattent being t00 11l to move to the X-ray
department) O« ly, diagnostic par may be necessary.

The electrocardiogram has failed to show any alteration of the S-T
segment and T wave 1n at least half the cases of proved rheumatic peri-
carditis observed at Taplow, even when subsequent necropsy has
revealed a grossly thickened pericardium., No other form of perrcarditts
behaves like this, and 1t 1s suggested that a superficial current of iyury
may fa)l to develop becavse of the lack of an appreciable boundary zone
between the pericardium and underlyig muscle owing to similar disease
of both Shortening of Q-Tc, however, may occur, and in the absence of
digitalis therapy at once distinguishes pericardial effusion from a ddated
heart

Rheumatic pericardral effuston is a clear, straw-coloured, sterile exudate;
1t rarely compresses the heart, tends to be resorbed spontaneously without
undue delay, appears to respond to salicylates and is usually best left aID{le.

Fortunately, there are no significant after-eflects, for chre co.nfmcm e
pericarditis is practically never r}}cumauc, and :{dhcn» (‘ricarl.llUfT.l,
though not uncommon, 1s of little importance. Pericard: ication is

seen occasionally, but is scanty and harmless
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Treatment is linuted to relief of pain, when present, and to cardiac
decompression in rare cases of high-pressure effusion. For the former,
antiphlogistine is comforting; but when the pain 13 severe morphine should
be given. For the latter, paracentesis is required, and should be repeated
when necessary. Salicylates may also help. Otherwise, treatment should be
directed towards the rheumatic illness as a whole.

Tuberculous pericarditis. "Tuberculous pericarditis may be uncommon,
but it is hardly rare; it affects all age-groups, but fas ours coloured races and
the male sex. The infection usually spreads from mediastinal lymph glands
or pleura. Effusion is the rule, and if the patient survives, constriction may
follow The onset is 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 bronchy, are the usual com-
plaints. The absence of bances 1s often kabl
but continued fever, anorexia, loss of weight, night sweats, and secondary
anzmia 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 dlsco\ cry of tuberculosss elsewhere, and upon the
results of culture and g 1 of sp of flmd o d
by p:xracemcsls. The eﬂ'usmn is usually a clear straw-coloured exudate

ytes, but 13 blood-stained. The course 1s
prolonged, usually rangmg between three and eighteen months, and 1s
often downhull, with progressnc emaciation, toxemia, and anemia, cardrac
may become d: when freq tapping adds to the

panem s misery

It 1s doubtful 1f more than 20 per cent of untreated cases with positive
cultures survive, and of these the majonty develop chronic constrictive
pericarditis subsequently, not infrequently active and constnctive stages
are telescoped. The prognoss is 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 1n many of these cases 1s open to question, and very few constrict
later Streptomyem, 1 to 2 G dady for a month, is giving encouraging
results, and may alter the outlook in proved cases

Polyserositis Whilst tuberculosis may affect the pleura and peritoneum
as well as the pericardium, the term polyserositis (Concato's disease) is
usually reserved for a hat simlar infl ry process of unk
origin Large effusions collect 1n the serous sacs, the flnd being a clear or
opalescent, straw-coloured, sterle exudate, The process is obliterative, and
1 the pleural cavity paracentesis must be performed ever higher, as the
two layers of pleara become fused together n a thick dense white matting
Over the liver and spleen the greatly thickened peritoneum resembles a
stout coating of sugar-ice. When the pencardium 1s 1nvolved, resorption
of flud is 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 infiltration of the pericardium, \When a male over 40 years of
age complains of recent cough and breathlessness of insidious onset, and
is found to have a large pericardial cffusion, a malignant or tubetculous
etiology is probable. If there 1s no fever and the fluid is blood-staned, the
diagnostic scalss ttp sharply i fay our of malignancy. When the pericardium
15 extenuvely invaded, hemorrhagic effusion and cardiac tamponade are
the rule, but when 1t 15 infiltrated by a single small nodule, the flud 15
usually clear and straw-coloated, and the sac being more distensible, tam-
ponade 1s less frequent. The condition is mvanably fatal, and death never
fong delayed Autopsy usually reveals a primary bronchial carcinoma

Pyogenic pericarditis Streptocaceal, pneumococeal and staphylococeal
infection may each give nise to pericardiis Fever, leucocytosis and toxemia
are more conspicuous than m other forms, Effusion is common and usually
purulent It 1s generally beheved that recovery may be follawed by con-
strictian, but the point 1s perhaps still uncertamn Streptococcal pericardatis
may complicate tonsiiins, erysipelas, broncho-pneumonia, or any other
streptococeal infection. It usuatly occurs dunng the acute stage of the sil-
ness, and 1s then readily distinguished from rh pericarditis, but
when there 15 an appreciable Jatent interval, this distinction 15 not so easy.
Pneumococcal pericarditis 1s usually a comphcation of left basal pneu-
monmia, organisms gaining access to the pericardium by direct spread from
the pleura Staphylococcal pericarditis may comphicate my ocardial abscess
from staphylocaccal septiczemia

The course and prognoss of pyogeme pericarditis have been radically
altered by chemotherapy Pemailin 18 more effective than the sulphona-
mudes, and should be given in doses of 30,000 units mtramuscularly, every
three hours day and night, for seven to ten days. About 10 t0 20 ml of 3
solution containing 1,000 umts of penciiiin per mi should also be injected
1nto the pericardial sac after paracentests Surgical dramnage 1s only neces-
sary when there 1s frank suppuration. With such treatment, initial recovery
is the rule; but the ultimate outcome 1s uncertan. The low mortality rate
may result in an increased incidence of chronic constrictive pericarditis; on
the other hand, the prevention of frank suppuration may have the opposite

effect The few cases so far followed up by the author have not constricted
- .

D D O VS TN X SOt AN N e

spontaneously. Effusion, when present, 1s stenle, and complete recovery
takes place without treatment. Some of these are probably pyogenic in
origin, and some are undoubtedly tubercuious, as the subsequent histary
may show. It is therefore wise to trear all such cases with penicillin or
streptomyci, according to whether the chnical features correspond more
closely to the pyogenic or tuberculous vanety. . 3

Heemopericardium and traumatic pericarditis. Hmorrhage into the peri-
cardral sac may be caused by stab or gun-shot wounds, by rupture ofa
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syphulitic or dissecting aneurysm of the aarta, or by perforation of 2 myo-
cardial infarct or ventricular aneurysm. Wounds of the heart are not neces-
sarily fatal, and if the patient survives the initial insult, relief of cardiac
tamponade and surgical repair may be hife-saving. Rupture of the heart or
aorta mto the pericardum is always fatal, but not necessarily immediately.
A patient with a perforated infarct, for example, may hive as long as ten
days

Severe blows or crush-injurtes to the chest, or blast, may cause myo-
cardial brussing and perrcardial ecchymoses. Transient perrcardial friction
and ch 1stic electrocardiographic changes usually provide evidence of
the lesion If there is no damage to the superficial coronary arteries, com-
plete recovery 1s the rule

An interesting form of traumatic pencarditss may be due to pericardual
foreign body (usually a metallic fragment) or to a foreign body lymng close
to the pencardium. In these cases recurrent attachs of perrcarditis with
clear sterile effusion may occur at any time up to four months after the
ongmal myury The mterval between attacks 1s usually two to six 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 it 1s best removed in a quiescent period, 1f not, 1t may be safer
to leave 1t un s2tu

Urcemic perscarditis Penicardial friction 1s not uncommonly heard m
patients dying of uremia Symptoms are rare, effustorrabsent, and electro-
cardiographic changes minimal
At autopsy, needle-like crystals
of urea may be found massed
i the pericatdrum

Pericarditis secondary to myo-
cardial infarction  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  hzmopencardium, Local
pencarditis 1s limuted to the sur-
face area of the infarct, gives nse
1o no symptoms, and does not
interfere with the electrocard-  Fig 1z og—Pericardial effusion of three years'
1ographic pattern of the under.  99THon 1n & case of extreme essentual hyper-
lying lesion. A fleeting frictron Inga-)‘)lenc.ndml pressure was g em ng sa%:ﬂe
rub may be heard 1f the 1nfarct  parient was able fo he ft ot to be tited head-
15 anterior down without breathlessness After paracen-

tes1s, orthopnera and paroxysmal cardrac
General perrcarditis 15 less dyspnca developed within a few days
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common but more important; for it may cause additional pain, allows
anterior friction to be associated with posterior infarction (Stewart and
Turner, 1938), influences the electrocardiographic pattern, and may even
give rise to effusion,

Hydrapericardiym. Hydropericardium associated with congestive failure
1s never conspicuous and s of no clinical significance. As a complicatron
of myxcedema pericardial effusion is not uncommon. An interesting though
rare variety of hydropericardium s occasionally encountered in cases of
malignant hypertension (fig. 12 09). Relatively high pressure may develop
in the sac, and by hampering cardiac filling may prevent pulmonary con-
gestion. Such cases may remain remarkably free from symptoms; if the
effusion is tapped, orthopnwea and paroxysmal cardiac dyspnea may
develop
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CHAPTER X{lI

SYPHILITIC AORTYITIS

unless it results m fusiform difatation, saccular aneurysm, sortic ncome
petence, angina pectons, or possibly heart block It is true that many
contan a s of syphtlitic myoacacditis, and even of syphi-
hitc endocarditis, but these are oddities. The vartous manifestations of
syphilitic aortitis commonly appear fram ten to thirty years after primary
infection, usually between the ages of 40 and 6o, account for about 3 per
cent of all cases of organic heart disease 1n Britam, and are approvmately
five imes MOTE COMMON 1N men th:m W women

There can be ittle doubt that the disease 1s becomeng Jess Frequent and
will become rare. Ths 15, of coutse, the result of educating the public m
venereology, and m the improved treatment of early syphilis Thompson,
Comeau and Whate (1939} found card ular syphilis had develaped
chincatly in 20 per cent of 241 patients known 16 have had syphibis fifteen
10 twenty-five years previously, all had been madequately treated by 1935
standards Uncompheated sortitis, rarely recognised eveept at necropsy, 18
undoubtedly much more frequent; but sts exact inaidence 1s difficult to
assess, published figures depending on the cnterra upon which the
dugnosis rests  Aortic mcompetence 1R abou! hwice as common 3
aneurysm

Whalst the clinwcal features may be diagnostic of a syphiline etiology, the
latter may be confirmed by a lustory of syphils, by signs of syphilis m
other systems {particulasly neurosyphilis), by & postive Wassermann of
Kahn reacuion 1 the blood m about 83 per cent of cases, and by a per-
sistently rassed erythrocyte sedimentation rate.

Congental syphihs does not cause aorhine (MeCulfoch, 1g30); although
spirochwtes may be present n the aorta, there 1s practically no tissue
£EACUOR.

Paihology "The smtial lesion oceurs 1 the adventiua, and consists of
syphilitic endartenitis of the vasa vasorum and of focal granulomatous
tissue, Althoughs the mflammation spreads deeply into the media, atrophy
and necrosts of muscular and elastic fibres are partly due to ischaaya, The
damage is patchy and is reparred by fibrous tissue, the cross section of the
sortie wall bemg correspondingly thinned at such points, These medial
scars are wdicated on the inner surface of the vessel by depressions of the
inuma, which presents 2 pock-macked apy . Secondary athero~
sclerosis with calaifi is

358

SYPH!LITIC flammation of the sorta 1s chmeally unrecogmsable
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ANEURYSM

Sooner or later the diseased media yields to the force of the bloed
pressure, either generally or at its weakest point, and a fusiform or saccular
aneurysm results. A fusiform aneurysm 1s little more than an exaggeration
of the inevitable dilatation of a syphthttic aorta, and has no greater con-
sequences It is usually iated with aortic incomp but st may be
seen radiologically when still uncomplicated, 1t then affords the only
acceptable clinical evidence
of relatvely early syphilitic s
aortiis The diagnosis should  *
be confirmed by a history of §
syphilis or by a positive Wasser-
mann or Kahn reaction in the
blood, however, for fusiform
aneurysm may result from non-
specific medial necrosis with or
without dissection, and shght
dilatation of the aorta may be
due to atherosclerosis and
hypertension A ringing  or
amphonc second heart sound
at the base of the heart may
denote dilatation of the ascend-
1ng aorta, but does not ndicate
its cause Agamn, a suspicious
aortic second sound must be
disregarded f the ascending
aorta is seen to be normal in  F% 13 ol—Sacr:uIl:\;; smeurysm of the gscend-
stze and shape.

The syphilitic aneurysm proper 1s saccular {fig 13 or), and may occur
m any part of the thoracic aortic, particularly in the arch  Aneurysm of
the abdomunal aorta 1s rare, and 1s more often atheromatous 1n origin

Incidence ‘The sex incidence of saccular aneurysm is male to an even
greater degree than other varieties of late syphilis, the sex ratio approaching
10 1 10 their favour (White, 1937) This 1s probably due to the greater
stresses imposed on the aorta m men It 1s sigmificant that saccular aneurysm

S f

,,,,,,,, R

conditions which reduce the mean aortic pressure

ANEURYSM 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 notch Symptoms may be absent or there may be sternal or
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costal pain from pressure erosion Pulsation may be expansile, and may be
accompanied by a systolic thrill On auscultation, a loud systolic bruit 1
usually heard. When invistble an anterior 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 in the head and neck, while the
right aurtcular pressure remains
normal The distended jugular
veins do not pulsate, unless the
obstruction 1s slight, and may
be readily overlooked A visible
collateral  venous circulation
does not necessarily develop,
- presumably because the block 1s
incomplete, so that a fair blood
flow 15 mamntained under the
Iugh head of pressure. Puffiness
or @dema of the head may
oceur, and in 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 noting the sudden fall in
pressure as the tip ships through

Fig_ 13 02—Angiocardiogram showmng partil 1€ obstruction. .
superior vena cava obstruction due to an Aneurysm of the ascending
B cotem of B Praves Grdier sorta may rupture into the
pencardial or pleural cavities,

1010 the pulmonary artery, or mnto the night aurtcle

ANEURYSM OF THE ARCH
e . . A N TORN O |

position of the aneurysm Thus, pressure on one or other subclavian artery
may lead to significant differences in the pulse and blood pressure in the
two arms; a rare plication of this 1s clubbing of the fingers on the
affected side, Pressure on the left bronchus causes collapse of the left lung,
which may be complete or partial, the upper lobe bemng involved more
often than the lower, Inflammatory changes may occur distal to the
obstruction, particularly b hi and pul: y tul losis The
left bronchus may be depressed with each pulsation of the aneurysm; t'hc
resulting downward pull on the trachea during systole may be readily
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detected at the cricoid cartilage, and 1s known as a tracheal tug It 1s best
elicited by standing behind the patient, who should be seated, and applying
steady upward pressuse on the cricord cartilage with the up of one fore-
finger. Pressure on the trachea itself may give nise to an irritatng cough,
to stridor, or to considerable respiratory obstruction; pressure on the left
recurrent laryngeal nere to a brassy cough and paralysis of the left vocal
chord, p on the ] to dysphagia The phrenic nerve usually
ﬁcapcs as it hes superﬁcm]lv, but the lefe sympathetic chain may be com-
pressed, with the production of Horner’s syndrome homolateral con-
traction of the pupil and partial ptosis. Severe radiating pains may be
caused by pressure on netve roots, and the spine may be eroded

ANEURYSM OF THE ABDOMINAL AORTA

Of 1,459 aneurysms of the aortacollected from the hiterature by Ungar and
Poppel (1936), only 136 or less than 10 per cent were below the diaphragm

An abdominal aneurysm usually presents as a pulsating tumour in the
epigastrium, over which a systolic thrtl and murmur may sometimes be
detected. Root pain associated with vertebral erosion ts not uncommon, or
pain may be local. A relatively common clinical error 1s to mustake a normal
aorta, projected forwards by lordosis in thin subjects, for an aneurysm

RADIOLOGICAL DIAGNOSIS
Although the existence and site of a syphilitic aneurysm may be diag-

(@) Aatero-postertar view (b) Second oblique posion

Fig 13 03—Skiagram showing seseral aneurvsms of the aortic arch
By courtesy of Ser John Parknson)
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Tig 1305 (a)
Fig 13 04—Skiagram showing erosion of the
bodies of several dotsal vestebrmr as the result

of pressure from an aneurysm

Fig 13 05 (b) Tig 1305 () "
el a normal pulmonary artery (a), and aorta (b}, 1n & case of
g 13 05— Anpocscdiogram oudining 2 normal pulmor P 5
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nosed clinically with a fair degree of accuracy, radiological confirmation
should always be obtained. Aneurysm may be disunguished from other
rounded shadows in the vicinity of the aorta by having four characteristic
features: (1) it is intimately connected with the aorta (fig. 13 03), (2) 1t
becomes opaque with the aorta in angiocardiograms, (3) 1t pulsates,
unless it is thrombosed; (4) some part of its 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: i phy 1s advised 1n all doubtful cases
(Bg 1305)

COURSE

Many aneurysms remain silent and are discovered accidentally by radio-
graphy, others cause much suffering, One of the worst features 1s the severe
pain 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 reportzd, however, which have survived for fifteen to
thirty years (Kauntze, 1947). The chief dangers are infection of the lungs
distal to bronchial compression, and rupture. Aortic aneurysm may rup-
ture 1nto the pericard into the pul y artery, into the trachea or
bmnchus mto the asophagus, or into the pleura, giving nise to hemo-
pericard with cardiac to acute nght ventnicular failure

p of an aorto-pul v shunt, to dramatic hemo-

with signs and sy
ptysss, to hematemesis, or to hzmothorax, respectively, usually with fatal
results

SPECIAL TREATMENT

The object of treatment apart from anti-syphilitic measures 1s to pro-
mote thrombosis and calctfication 1n the aneurysmal sac, or to protect 1t by
means of external fibrosts, m order to prevent rupture or further expanston

Bed rest 15 necessary at first while routine anti-syphilitic treatment 1s
given (page 367). During this period a course of calcrum lactate, 10 grans
(06 G.)td s, with vitamin 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 is 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
(Babeock, 1926, 1932)—reduces the mean aortic pressure and may reheve
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pain (Ranson, 1947). The most promusing surgical method, however, is to
wrap the aneurysm in polythene cellophane- this causes an intense fibro-
blastic reaction which protects the sac from without, prevents further
expansion and relieves pain (Poppe, 1948).

AORTIC INCOMPETENCE

Pathology \Weakemng of the mesaorta in the region of the aottic valve
leads to dilatatton of the aottic ning, and to separation of the cusps at theic
commussures, so that the valve becomes incompetent. Granulomatous
tissue may also drive 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 13 no stenosss, and caleification is
absent unless there 1s much secondary atherosclerosis Owing to the site of
the lesion, 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. Syphilis accounts for about one-third of all cases of aortic
vahe disease and for about one-half of those 1n subjects between the ages
of 40 and 6o (Cowan and Rutche, 1935)

The sex ratio 1n syphilitic aortic incompetence is about 3 . 1 1 favour of
men (Campbell, 1932), and 1s thus less remarkable than in aneurysm.

Chmcal features Syphilitic aottic mcompetence has all the features of
aortic incompetence in general (page 293) and some special characteristics
of its own Oniy the latter will be considered here.

1 The lustory of symptoms ot of the discovery of the lesion 15 relatnely
recent, usually a matter of weeks or months and rarely more than a year of
two

2. Angina pectorts is common, occutring sooner or later n about half
the cases,

3. The aortic incompetence 1s pute, there being no stenosis (unless there
is dary att 1 ) and th no systolic thnll.

4 The incompetence s usually very free so that peripheral vascular
mamfestations are marked.

5. The murmur 1s apt to be “t0 and fro”, replacing the heart sounds at
the base, and 1s often heard better at the aortic area than down the left
barder of the sternum, owing to dilatation of the ascending aorta.

6. A basal dustolic thnll 1s suggestive, being very rare in other types of
aortic valve disease except when a cusp is perforated or ruptured

7. Skiagrams may reveal differences in the diameter of the aorta at
different points, or fusiform aneurysm (fig. 13 06); but an assocrated saccu-
lar aneurysm is rare. Trregularity of the lumen may be seen well in angio-

grams.
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8 Fluoroscopy shows less aortic pulsation than 1 equivalent rh
cases, owing to the loss of elasticity.

9 Calaification of the aortic vahe is ngmnst syphilis, but may occur
when there is dary ath 1 of the ding zorta
1s n favour of syphihs

10. The electrocardiogram more often shows bundle branch block, or
various degrees of heart block, than 1t does in rheumatic aortic incom-
petence; but no more so than in calerfic aortic stenosis The changes are
attributable to 1schmuc fibrosis, rarely to gummatous lesions

(a) Antero-posteior view (b) Left anterior obligue position

Fig 13 06—Skiagram of a case of syphilitic aortic mcompetence shawmg fusiform dilata-
tion of the ascending aorta and gross enlargement of the left ventricle

[ PN N B T . . P
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Course The prognosis 1s 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 farlure follows The downhill
course differs from that of other forms of aortic ncompetence 1n 1ts rapidity,
1n the frequency of angina pectoris, and n the relatively high proportion
of sudden deaths (Munck, 1946).
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ANGINA PECTORIS

Pathology. It is often said that zortic valve disease may cause angina
pectorss Whilst this 1s true, the statement needs amplification, Angina is
a common complication of all forms of zortic stenosis and of syphilitic
aortic incompetence, but not of other varieties. Rheumatic aortic incom-
petence, for example, must be gross to cause angina, and rarely does so, The
explanation 1s to be found 1n the physiology of the coronary circulation.
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 recoil during
diastole acts as an accessory pump, forcing the blood onwards. The higher
the systolic pressure, the greater the elastic reservoir, provided the coronary
arteries are healthy. During ventricular relaxation blood is 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, 1.e. upon
the mean pressure.

Now tn aortic stenosts the mean blood pressure s often low, but
aortic Incompetence, although the diastolic pressure may be 40 or §o mm.
of mercury, the systolic pressure is commonly ratsed and the mean pressure
adequate Syphiliic aortic incompetence causes angina pectoris because
there 15 associated stenosts of the mouths of the coronary arteries. 1f syphi-
litte aortitis produces sufficient damage 1n the region of the aortic cusps to
cause aortic incompetence, 1t 1 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 angina pectors, it1s practically impossible
for the root of the aorta to remamn healthy, Thus syphilitic angina is rare
without aortic incompetence

Clincal features Syphilitic angina has certan charactenistics which help
to distingwish 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) theyare less oftenrelieved by trinitrin Coronary
th b 1s a rare pl because isct 1s due to stenosis of
the coronary ostia and not to changes mn the coronary vessels themselves
Myocardial infarction, however, may occur without corenary thrombos:s,
especially when the effect of gross occlusion of the mouths of the coronary

vessels is exaggerated by a drop 1n blood pressure from some other cause,
such as surgical shock. Ischzmia of the least nourished part of the myo-
cardium may then be so pr d as to cause is: even so, cardiac
infarction is uncommon

Course. The prognosis is bad, patients rarcly Living more than two years

Status anginosus may develop before the end, or nocturnal :{ngim may

prove troublesome, When heart failure d 3 lops, angina may pp it

is not clear why this should be so, but it may depend upon changes 11

tissue metabolism.
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special care Bed rest is particularly important during the first six neeks of
treatment, and is essential durning the first course of penicillin or arsenic

HEART BLOCK
True syphilitic heart block is very rare, and depends upon interruption
of the bundle of His by gummatous tissue On the other hand, heart block
resulting from interference with the conducting tissue by 1schzmuc fibrosis,
due to stenosts of the coronary ostia, 15 not uncommon, and hke angina
pectoris, and for the same reason, 1s nearly always associated with aortic

p The former responds to iodine therapy, the latter, of course,
does not

TREATMENT OF SYPHILITIC AORTITIS

Syphilitic aortiis should be fully treated with anti-syphilitic drugs,
whether uncomplicated or otherwise. Clearly, past damage cannot be
repatred, but further activity can be prevented. The objective 1s to secure
a negative Wassermann reaction and 2 normal sedtmentation rate

The patient should be put to bed for six weeks, dunng which period he
should recetve potassium iodide, 10 gramns (0 6 G ) t.d s, preferably with
liq hydrarg, perchlor 6o miums (4 mi). Gummatous tissue resolves
quickly with this treatment, and the danger of a severe Herxheimer reaction
is lessened. After three to four weeks of treatment with iodides, 2 minimum
of 2.4 million units of penicillin may be given over a period of 10 days 1n
divided doses of 30,000 umts 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 initial dose 15 1,000 or 100,000 units
(Moore, 1947)

Shortly after completing the penucillin course the patsent may be allowed
up Todide and mercury are then discontinued, and treatment with bismuth
should be dI lar injections of 0 1 G of bi: b twice
weekly for sit weeks, followed by 02 G weekly for the next six weeks are
advised

The patient 1s then put back to bed, and arsenic 15 given intravenously,
beginning with 0 15 G of NA B, and contmumng with 03 G, 045 G,
and 0 6 G, at weekly intervals, the last dose being repeated until a total of
45 G 1sreached If there 1s no untoward reaction after the first two 0 6 G
doses of N A B., the patient may be allowed up again. The development
or aggravanon of angina pectorss or heart falure are major dangers, but
both are unlikely, and when they do occur cannot always be attributed to

the treatment. Nevertheless, arsenic should be abandoned should they
oceur,




368 DISEASES OF THE HEART AND CIRCULATION

3

The regime deseribed one complete course of t , and
Jasts s1 months The stuation should then be reviewed, particular atien-
tion being paid to the Wasscrmann reaction and the ES.R, If both are
normal, treatment may be discontsmued for stx months, but if either suggest
persistent activity, the whole procedure, with certam modifications, should
be repeated without delay Bed rest 1 no Jonger necessary, unless con-
gestive failure, angina pectorss, or other complications demands it; and
bismostab may be given in doses of 0 2 G, and N A B. in doses of 06 G-,
from the first mjection

Two complete courses are strongly advised m all cases, with an interval
of s1x months or consecutively. A thurd or fourth course should be given
without hesitation 1f there 1s any further evidence of actvity.

It 1s repeated for emphasis that neither aneurysm, angina pectoris, nor
heart fmhure contrand penicrdhin or Is, provided small doses
are employed winally, for the Herxhenner reaction s rare. This pheno-
menon consists of a loeal tssue reacuon which may cause swelhing and
otclusion of the coronary osts, with disastrous results; even where there
15 no dramate dl-effect, the pattent may shp downhull with increasing
angma or heart faslure

Statusties bave shown that the effect of full ants-syphilitic measures befare
the d of p fhin was to imp: the average life expectancy
from eighteen months to two years (Padget and Moore, 1935). It may be
argued that the increased care and enforced rest which are a necessary
corollary of this form of mught also improve the prognosts by a
simufar amount, and there 1s something to be said for the view that there
1s little point in attempteng to extirpate the sprrochmte onee heart fardure
or angmna pectorss has developed, for it s then probably too late. However,
m the hight of present knowledge, 1t 15 wiser to give full treatment to all
cases Whether penicillin therapy will further increase hfe expectancy
remains to be seen

Complicanions should be treated ad they arise and by the customary
methods. It 15 wise to averd arseme, and probably penicillin, in cases of
heart falure or angina decubitus unt! these have been satisfactosily
controlied
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CHAPTER X1V

ISCHAMIC HEART DISEASE

DEFINITION
CCLUSIVE disease of the coronary arteries of sufficient degree to
prevent the coronary circulation meeting the physiological demands
of the heart 1s best described as sschaemic heart disease. It is charac-
terised climcally by angina pectoris and cardiac infarction; pathologically
by occlusive coronary att lerosis, with or without thrombosis, and by
{ocal sschemic myocardial necrosis and fibrosss,

INCIDENCE

Qcclusive coronary ath Jerosis 1s responsuible for about 20 to 25 per
cent of ail types of prgamc heart disease, and for about 8o per cent of all
sudden cardiac deaths (Munck, 1946}, moreover, it appears ta be mcereasing
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 in their halcyon days had
an average life-span of twenty to thuety years, and the followmg table shows
the ncreased average life-span in the U S A, from 1879 to 944 (Master,
1947)

i8yg-18g9 . . 34 years

1g1I-1912 . 46 63 years
15191920 . 51.14 years
930 . . . . §7.3byears
1944 . 64.40 years

These remarkable figures are chiefly due to the successfu! war aganst
infections and parasine diseases, and to the saving of life by surgical means.
Another factor that must be taken into account 1s the attitude of medical
pracutioners, who m 1926 had scarcely heard of coronary thrombosis,
whereas now they are apt to dtagnose it more frequently than it exists, ¥t
should be temembered that coronary thrombosts was not recognised as a
chnical entity untl its classic description by Herrick in 1912, and was not
widely app 1 1n England vntil popularised by McNee in 1p25.

Sex. Of Heberden's 100 ¢ases of angina, only three were women (Heber-
den, 1802). Most s estigators give the general sex satio as 4 : 1 1n favous
of men; but under the age of so it is 8 : 1 (Hedley, 1939), and .undcr the
age of 40 male pr dosmi 15 overwhelmi: 3 ir} fact, angina in women

under 40 s nearly always due to some other etiological agent such as hyper-
. 370
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tenston, aortic stenosis, syphilitic aortitis, anzemia, 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 is equal (Gordon, Bland and Whte, 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 o0 25 per cent were under
30 These figures are in harmony with common expertence, except perhaps
with regard to the incidence in young men; for many such cases were seen
in the Services during the second world war (Newman, 1946, Poe, 1947).
The peak age of death is 60 (Hedley, 1939).

Habits and occupation. There 1s a general impression that the incidence
of ischemic heart disease is particularly high amongst professional men
and is related to the stress of modern urban Jife. There 1s said to be little
to support this view (Master, 1947), but some figures pubhished by Hedley
(1939) are interestng:

Deaths from coronary

Occupation occlusion per 100,000
Professional . . . . . . 154
Managers and officials . . . 140
Clerks and salesmen . . . . 128
Skilled and unskilled workers . . 107

The author, however, ascribed the difference 1n these figures to more
accurate certification 1n those earning larger incomes

Nevertheless, the obstinate behef that angina pectons 18 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 sift and present evidence of the kind required, divided the socsal strata
of England and Wales into five classes, and found that the standardssed
mortality ratto (S ML.R } from 1schzemuc heart disease 1n soctal class I (pro-
fessional workers) was twice that 1n social class I1I (skilled artisans) and
three times that m class V (unskilled workers) Their table giving the
actual occupations with the four highest and four lowest standard mortality
ratios ends the debate on this previously vexed questton and once again

h the fact that exy d opinion should not be too readily cast

astde because of 1ll-founded statistical evidence to the contrary Physicians
and surgeons head the bist 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
1n chemical processes with an S MLR. of only 20, agricultyral labourers 3z,
stone muners and quarriers 38, and coal miners engaged m other work 4o

There 1s no evidence that either alcohol (Wilens, 1947) or tobacco
(Cassidy, 1946) 15 responsible for the hugh male incidence or has any per-
manent mfluence on the course of the disease, although heavy dninking or
smoking may provoke attacks of angina
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PATHOGENESIS
Ischzmuc heart disease is due to occlusive coronary atherosclerosis witk
or without secondary submumal hzmorrhage or thrombosts Angina pec-
taris caused by syphihitic aortitis, aortic stenosis, severe anmia, paroxysmal

i

Fig 1401 ta)—Slaagram of the heart m a case of pcclusive caranary athero-
sclerasis the coronary vessels have been injected with @ radio-opaque gel.

tachycardia and the hike, and coronary occluston vesulting from angitss,
cmbolism, traums, dissecting aneurysm and other rasities are cansidered

elsewhere. . .
"The cause of human atheroma remains unknown, despite a great deal o
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work on the subject (Cowdry, 1933) Lipoid substances accumulate in the
intima of the aorta and larger arteries in a patchy irregular 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 14 01 (b)—Normal control for comparison

The hpoid nature of the deposits, thetr relatively frequent associatron
with dabetes mellitus and hypercholesterolema, and their easy repro-
duction m rabbits by cholesterol feeding (Leary, 1934) suggest some
relationshup to fat metabolism The manner in which Iipoid-laden macro-
phages (lipophages), swept to the side of the blood stream owing to their
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Light weight, may penetrate the intima has been recently described by
Gordon (1947}, hypertension facilstates the process.

The degree of narrowmng of an atherosclerotic coronary astery cannot be

1 d by its app at necropsy, for in hfe the blood

pressure tends to 1won out the excrescences and maintmn a smooth intiraal
sutface and full Jumen (Harrison and Wood, 1949).

Although the 1ntima and early atheroma are avascular, advanced lesions
develop 2 blood supply from the vasa vasorum (Leary, 1938), and sub-
mntimal heemorrhage may then occur, causing sudden ocelusion of the
vessel {Paterson, 1936, 1939, 1941; Wartman, 1938), such accidents, how-
ever, are rare, and account for onfy about 1 per cent of cases of sudden
coronary occlusion

Secondary calesfication of advanced atherosclerosis may convert the
caronary artertes nto bony tubes, as m the classical example of John
Hunter (1796). Erosion or ulceration of atheromatous lestons forms an
excellent nidus for secondary thrombesis. This is the common cause of
acute coronary obstruction Orgamsauon of such thrombr leads to micro~
scoprcal app siular to ath lerotic lesions; mdeed it has even
been suggested that atheroma may represent nothing more than intra-
vascular clotting (Duguid, 1946).

ANGINA PECTORIS

Phynalogy. Angina pectons and its close relative, the pain of intermuttent
claudicatton, are belicved to be due to certain metabolites that are formed
n ischaemic working muscle (Lewis, 1934), Whatever the precise explana-
tion for the development of pam there can be no doubt that attacks depend
upon relative myocardial schaemia, an idea first d by Parry (1799)
‘The term agina pectorrs 1s customarily applied to transient pain only, an
refers to 1schaerme attacks provoked by temporary stress, during which the

bohic d ds of the dinm are beyond the capacity of the
coronary cuculation,

Such a situation may anse dunng effort (1) if the coronary vessels ace
more or Jess accluded either at their mouths, as in syphilitic aortitis (page
366}, or duning their course, as in atherosclerosts, vanous forms of anguts,
and embolism, {2} +f the coronary flow is dimunushed by other means, such
as aortic stenosts (page 300), gross AGMNC InCompetence, or congemlfl‘
anomaly; {3) if the blood ntsell carries msufficient available oxygen as in
anzmia, or at hugh altiwudes; or (4) if the regular work of the heart is

¢ by such d as hyp ton, aottic valve disease, thyro-
toxicosis or anama, 3
Although only angina pectons resulting from coronary atherosclerosis
concerns us here, the other factors i often play a i
role, thus anmmia may precipitate angina in 2 case of previously silent
coronary disease, not only because of the Himited oxygen supply, but alse




ISCHZEMIC HEART DISEASE 375

because the work of the heart is increased in order to mamntamn a hig}n
cardiac output. Hypertension is particularly important in so far as it
increases the work of the heart and contributes to the development of
atheroma: on the other hand, it tends to iron out the plaques and so may
prevent coronary narrowmg; in fact most cases of hypertensive heart
disease have dilated coromary arteries {fig 15.00) {Harrison and Wood,
1949). Clinically, although more than half of all cases of ischwmic heart
disease have blood pressures above 160/1oo mm Hg (Cassidy, 1946),
systolic pressures over zo0 mm Hg are rare (Riseman and Brown, 1937)-

CLINICAL FEATURES

Angina is but a symptom, and may be distinguished from other pams im
the upper half of the body by a careful analysis of 1ts qualittes and be-
haviour,

Site. 'The pain is central, mid-sternal, and tends to radate bilaterally-
across or round the chest; into
the sides 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
little fingers or thumbs; occa-
sionally through to the back
between the shoulder-blades
(fig 1402). This full dis-
tnbution was experienced by
John Hunter (1796). It is not
situated in the left breast area,
although it may be rather to
the left of the sternum than in
the mid-line, a localised left
inframmary pain 1s never agina
Radiation may be umtlateral,
and 10 5 tre that the It e " 53 DA A s o
then suffers more often than

the nght, but 1t must not be thought that spread down the left arm 13
ether especially typical or diagnostie, for bilateral spread 1s more typacal,
and many other pans may radate down the left arm, mcluding left
inframmary pain. Although centrifugal spread 1s the rule, radation 1s
occasionally centripetal, the pam starting 1n the wnsts, upper arms, or face,
and spreading thence to the chest. Pain may even be confined to one of the
pomts of radiation, e g to the face. back, or wrist, not being felt in the
front of the chest at all,

Character. Angina pectons 1s classically constricting, sqt pressing,
or crushing; 1t 1s sometimes stinging, b or burning, 1t
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canuot be described adequately by the patient. It is not sharp, shooting or
stabbing, whach are the usual adjectives applied to Jeft inframmary pain An
mpartant charactersstic is 1ts constancy, the pain being steady while it lasts,
apart from wmstial waxing and final waning, no pam which is momentary, or
which repeats 1tself 1n a succession of jabs or knife-ike thrusts, is angwna

Duration. Attacks are measured 10 sunutes; usually they last two or
three mnutes, occasionally five or ter, they are pot momentary, nor do
they continue for hours, and any pam which behaves in either of these
ways 1s not angina pectonis {as defined above)

Provocation Angina is characterisucally produced by any effort that

the bolic d ds of the myocardium beyond the capacity

of the coronary circulation, and patients often know or learn the precse
amount of effort necessary to provoke pan, When the critcal pomt s
reached the patient usually feels compelled to stop whatever he 15 doing,
and to stand sull unul the paw passes off. Attacks are brought on especially
by watking uphill, or agamnst the wind, by hurrying after meals, or by any
unaccustomed exercise, lese so by manual work to whuch the subject 18
truned Pawn may also be induced by emonon of & kind that rases the
blood pressure or wereases the cardac output, but this 1s perhaps less
typscal, emotionally produced pan bemg more often innocent and asso-
eiated with anxety states In advanced cases, pan 13 provoked by Iywng
down (angina decubstus) or stoopwg, tending to occur when the pauent
Hest gets mto bed at mght, or waking hum from sleep. It may then depend
upon the nse m cardiae output which follows change of posture from
vertieat to horizontal, or tpon anxiety dreams

Pan that occurs after effort but not dunng 1t, or that is provoked by
lying on the left side, or by the adoption of soma particular posture {other
than steoping or lying), 15 not angina, these features are charactenstic of
left snframmary pain

DIAGNQSIS OF ANGINA

1f a pan conforms m site, quality, duratson and relatton to cardrac work,
to the festures mentioned above, it 1 angina pectons, and the dugnosis
must stand under any conditions except mahingering. The diagnosis should
stand likewsse when pamn conforms to the Tequired features m three out of
the four respects mentioned, provided 1t 15 not untenable 1 the fourth.
For example, if a constneting pmin, brought on only by exertion, and lasting
but two or three minutes, 15 focalised 1 the left mframmary area, 1t 15 not
angina, for the site makes the disgnosis untenable, even though it conforms
in the other three respects On the other hand, if the same pain is situated
between the sternum and the left breast, st is slmost certainly angna,
because this site, though atypucal, is not contradictory, Agan, a midsternal
pressing pain, brought on only by effort, but lasting fifteen munutes, is pro-
bably angina, for the long durayon, thmfgh unusufd, is not altogether con-
flicting; but should it last two hours, 1t is not angina as defined above
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It is sometimes said that certain associated symptoms, such as breathless-
ness, dizziness or faintness, flushing, sweating, weakness, and a feeling of
impending death, help to confirm the diagnosss. It cannot be stressed too
strongly that these symptoms carry hittle weight, for they are vasomotor 1n
ongin, and although they may be provoked by an attack of angina, they are
in no way characteristic of 1t, and are much commoner 1 the anxiety
states,

e R ERE TR POR R S OUCUUNY SRR R D pap

tory distress
Anxiety states with left inframammary pamn present no diagnostic diffi-
culty; but when pain 1s parasternal, or even central, 1t may be very con-
fusing 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 in 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 investigations 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 2 normal el cardiogram during sp or induced pain
Referred pain from the dorsal spinal ligaments may be felt across the front
of the chest, as in the expertmental work of Lewts and Kellgren (1939)
Attacks may be related to posture or reproduced by spinal movements or
pressure over the mterspinous hgaments from D24
Esophageal spasm miy cause central chest pan radiating down both
arms and tight or bursting in quality. There 1s no close relationship to
eﬁon‘, and bouts may be periodic like any other gut colic The dragnosis

Draphragmatic herna may cause pain on effort similar to angina pectorss,
but 1t 15 usually more closely related to meals, and there may be associated
' ot - . T °  mfarc-

' betng

Reltef of pain by belching in any disorder of the cesophagus or stomach
15 less helpful in distinguishing such condittons from angina pectons than
might be supposed, for 1schamic pain may be stmilarly relieved n about
10 per cent of cases (Riseman and Brown, 1937)

Bronchial asthma or extreme dyspneea from any cause may be associated
with a feeling of substernal tightness that should not be confused with

angina pectons; for breathlessness 1s not a feature of transient myocardial
1schzmua.

A~
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PHYSICAL EXAMINATION

Having made the diagnosss on histarical graunds, the patient should be
examined with 2 view to ascertaming the cause of the ischaemia, Aortic
valve disease and severe anemia should be recognised by therr ch istic
features, the presence of obesity or of hypertension noted, the mental state
of the patient assessed, and attention should be paid to any other factor
which may have any beaning on the frequency or severity of attacks. In this
respect, diabetes mellitus and polycythemia must be borne in mind. In
the majonty of cases, however, there are no physical signs: the rhythm s
normal, the heart 15 not enlarged, there are no murmurs, and there is no
evidence of congestive fmlure; the peripheral and fundal arteries and the
blood pressure may provide no evidence of general vascular discase; fluoro-~
scopy shows a heart shadow normal m size, shape and pulsation; and the
electrocardiogram may be normal at rest. It is tepeated for emphasis that
this apparent normality of the cardiovascular system 15 typical of pure
angina pectons due to coronary atherosclerosis, and that with few excep~
tions, physical signs, radiological changes, or electrocardiographic abnor-
mahties, are due to complications or assomated disease; even the demon-
stration of periphera) atherosclerosis proves little, for it 15 common enough
without sertous involvement of the coronary vessels, and is often mussing
with advanced coronary disease.

SPECIAL TESTS

Maost of the spectal tests are of hittle help, for the circulation s usually
normal at rest, Effort tolerance tests based on the behaviour of the pulse
rate and venous pressure are of no value. Reproduction of pam by pre-
seribed effort for purposes of accurate analysis 15 sometimes useful with a
bad witness, or pain may be induced 1o ascertain the prophylactic or cura-
tive effect of tnmtrin. The only relable test, however, is to obtain an
electrocardiog i diately after effort, when charac-
teristic depression of the RS8-T segment, with or without inversion of
the U wave, clinches the diagnosis (fig. 14.03). The best method 15 t0
make the patient exercise until he s in pain, «f he stops on acconnt of
fatugue or breath without developing pam, angina 15 unhkely,

pecially of the el d remans nasmal. n the wuthar’s expert-
ence very few {less than 10 per cent) electrocardiograms remain normal
during or immedately after an attack of true angina or after suffictent
effort to cause breathlessness and fatigue (in 1schemc subjects). The other
method is to take senal electrocardiograms while the patient breathes 10
per cent oxygen for twenty minutes, or for a shorter time if pain is pro~
duced. As depression of the RS-T segment accurs in normal subjects with
this test, a positive result 15 only accepted if the depression exceeds 2 5
mm, in any lead or 1f the T wave becomes merted 1n left ventricular
sutface leads or thew counterponts (Levy et al., 1938, 1939, 1941). The
test is positive m 3 o § per cent of narmat controls (Biorck, 1946
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Wemtraub and Bishop, 1947}, in 1§ to 20 per cent of cases of doubtful
angina, and in 50 to 35 per cent of cases of undisputed angina (Levy e al.,
1941, Blorck, 1946) In the apinion of the writer this test is less useful
than the effort test, beng mare difficult to carry out, more difficult to
interpret, more dangeroas, and far less frequently positive,

COURSE

The onset of angia pectoris is more often sudden than gradual, and 1s
usually due to a small coronary thrombosis, msufficient te cause cardizc
infarction The pattent may say he was capable of climbing mountains 2
week ago, yet now he can scarcely walk 100 yards. Less commonly, pam is
first expenenced durng unusually heavy exertion, and gradually becomes
more eastly provoked This repres the slow develop of occlusive
atherosclerosss,

The subseque 1t course is apt to be punctuated by short pcriods of rela-
tively sudden deterioration, follo“ed by long pcnods of gradual & improve e-
ment  these des signify th of a
coronary artery, followed by the lop of a coll cxrculmon
{Schlesinger, 1938), and perhaps by recanalisation

Saoner or later in the majonty of cases thrombosis eccludes ane of the
main coronary arteries, and cardiac infarction results; but 2 mjor throm-
bosis may occur without infarction, mfarction may occur without throm-
bosss, and ventricular fibnllation may lcrmina(e the iliness in the absence
af both {Appelby and Nigo} 1935: Natt 1936).

Angina may cause tatal imcapacity 1 really severe cases, and may finally
occur at rest (status angmosus or acute coronary insufficiency).

Some cases, severe or otherwise, impi after cardiac inf: others
lose thewr pamn on developing congestive heart failure 1t 1s not clear why
this should be 50, but the explanation may be related to the fact that ligation
of the coronary vein appears to improve the coronary circulation (Beck and
Mako, rg41).

PROGNOSIS

[ 3 SR 1 S S . PR

Sir Thomas Lews, 1927~45. Women have a better prognesis than men,
and subjccts ovEr 40 years of speat lhc onset fare beu:r than those undtr

EOMELY, LY UlIU \rally 54/ 1

TREATMENT

Conservative. The majority of patients with uncomplicated angina of
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muld or moderate severity ate able to carry out sedentary oc light manual
work, Any mental or physical activity 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 light and 1ts fat content
low, although hypercholesterolzemia is difficult to influence by such means.
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Fig 14 04—Graph showing close correlation between the height of the blood pressure
and the degree or extent of pan during an attack of angina pectons treated with tnmtnn

Smoking should be given up 1f 1t 1s found to contribute to the frequency
of attacks. Alcohol in moderation 1s not harmful, in fact, as a vasodilator
1t may be beneficial Contributory factors such as hypertension, obesity,
anzmia, dubetes mellitus, and anxiety, should be corrected as far as
possible
Trinitrn, 1/100 to 1/120 of a grain {o 5 mg), mtroduced by Murrell
m 1879, may be carried and shipped under the tongue as required, either
to relieve an attack or before some unavmdable effort which mght induce
one. Trimitrin is absorbed quickly through the oral mucosa, and acts as a
coronary vasodilator relieving pan without necessarly altering the blood
pressure (Wayne and Laplace, 1933-34), but if the blood pressure 15
Towered as well, so much the better (fig 14 04) Ischaemic S-T depresston
1n the elecgmcardmgram is corrected quickly (fig 14.05)
Amyl nitrite, 5 minims {0.3 ml) 15 also effective but less convenient
(fig 14 06): a capsule may be broken in a handkerchief and nhaled, the
nowse of the procedure, the pungent smell of the vapour, and the
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ANGINA PECTORIS
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AFTl'ER TRINITRIN

Fig 14 a5—Graph illustrating rapid correction

of 1schzenuc depresston of the S-T segment 1in

fead V3 1n 3 patent with angina pectoris, by
mesns of trimitrin

vivid facial flush that accom-
panies its use, are apt to
embarrass the patient in public.
Amyl mitrte is a  powerful
coronary dilator, for relief of
pain is associated with con-
siderable tachycarda and with
conspicuous elevation of the
cardiac output Much interest
15 also attached to the frequent
paradoxtcal effect of amyl
nitite on the electrocardto-
gram; for the depression of
the S-T segment that occurs
during an attack of angma, and
which 15 attributed to subendo-
cardial myocardial ischemta,
often becomes further depres-
sed when the drug 15 inhaled
and pain passes off (fig. 14 07)

It 1s doubtful whether any of
the drugs used as Jonger acting
coronary vasodilators are of
much value (Master, Jaffe and
Dack, 1939) Aminophylline has
the best reputation, and is em-
ployed widely in doses of 0.1 to
o2 G tds. It is difficalt to
demonstrate a  physiological
effectwithsuchdoses, but severe
angina may be relieved by 0 3 G
four-hourly, if the patient can
tolerate it. Epigastric pain and
nausea usually prohubit larger
doses

Recent reports have clhimed
that khellin, an extract from the
seeds of an Eastern Mediter-
ranean wild plant, ammi visnaga,
1s an effective coronary vasodil-
ator with a prolonged action.
The doseis 100 mg by mouth,
three times daily, Angina pec-
toris 1s sad to be relieved in 74
per cent of cases (Anrep ef al.,



AFTER AMYL NITRITE

Fig 14 ob—Electrocardiogram during an attack of myocardial ischarua treated wath

am; 3
Expected response showg prompt correction of the depressed S-T segment
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have been envolved n recent years, Few have gained much support, but
there 1s something to be said in favour of abolishing pain by means of
sensory denervation of the heart achieved by meaus of section of the upper
four dorsal spinal nerve roots, or by stellate and upper dorsal ganglion-
ectomy (White, Garrey and Atkuns, 1933) Destruction of the ganglia by
means of alcoholic injection 1s fess certain, and may cause intractable root
pan in about 10 per cent of cases. Despite the theoretical argument that
ganglionectomy may remot e nature’s warnung signal, and so atlow patients
to exercise themselves beyond the limits of safety, there is no doubt that
some cases do remarkably well (White and Bland, 1948). Sensory denerva-
tion of the heart does not entirely abolish the subjective recognution of an
angual attack, although the sensation experienced s not painful. There 1s
good reason to behieve also that sympathectomy tends to prevent ventri-
cular fibnilavon (Lenche et of,, 1931, McEachern, 1940), and seems to
unprove the coronary airculation either by preventing reflex spasm (Levy
and Moore, 1941), or by causing coronary vasodlatation (Katz and Jochim,
1939) .

A more drastic surgteal procedure aims at improving the coronary cie-
culation by supplying 1t with a new source of coltateral vessels The 1dea
was based on necropsy obsenvations which showed that the heart might
function remarkably well despte almost complete coronary ocetusion, if for
some reason an adeguate collaterat lation had develaped through the
pericardaum These natural results of acaident and disease have been mar-
shalled and developed by Claud Beck (1935-36) 1n the U 8.A,, and by
O’Shaugnessy (1936-37) in England. Beck sutured a flap of pectoral muscle
to the surface of the heart, ’Shaugnessy preferred cardio-omentopexy,”
the omentum bemng brought up through the diaphragm and stitched of
glued on to the surface of the heart after scartfication Whalst cxpcnmcn(ll
evidence affords convinang proof of the establshment of a collateral -
culation by such means, the results obtained 1 clinical cases of sschemic
heart disease scarcely justify the risk entailed.

A sumpler means of achieving the same object 15 to introduce bone dust
o the pencardiat sac; when the pericardial reaction substdes, vascular
adhesions offer a coffateral source of blood supply to the myocardium
(King, 1941) This method deserves further tral

CARDIAC INFARCTION

Myocardral infarction occurs when a mass of heart muscle is sufficiently
deprived of its blood supply for an adequate time. The common cause of
such an event is coronary thromt but coronary embohsm, rupture of
an ath plaque, subintimal hzmotrhage in an atherosclerotic
vessel, dissection, and eritical lowering of the blood pressure, as from shock
or hezmorrhage, 1 a patient with occlusivs.: coronary athemscler_osis or
syphilitic sortitis may each produce it Again, coronary thrombosis does
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not cause myocardial infarction 1f the collateral circulation 1s suffictent to
preserve the life of the threatened tissue. It follows that coronary throm-
bosis and myocardial 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
Anatomy of the coronary circulation The site and extent of the infarct
depend upon the vessel 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
early into an anterior descending branch and inte a left circumflex the
large anterior descending branch runs down the interventnicular groove to
the apex of the heart, and nounishes the anterior part of the night ventricle,
the interventricular septum, and the anterior and aptcal part of the left
;’c‘ntncle; the smaller left circumflex curls round to the back between the
oF - e i . P PR P
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r

branches to the region of the sinus node, to the anterior part of the nght
ventricle and to the posterior base of both ventricles There 1s a consider-
able degree of anastomosis between the terminal branches of these vessels,
an anastornosis that ncreases rapidly when the blood supply to any area
15 threatened (Prinzmetal et al,, 1947) The right ventricle, supplied as 1t 1s
by the two biggest coronary arteries, and offering little resistance to systolic
coronary blood flow, 1s rately the seat of infarction. The upper and lateral
part of the left ventricle 15 supplied by proumal branches. from both
antertor descending and left circumflex vessels, and 1s therefore relatively
safe The posterior basal region s less secure, for 1t 1s supplied only by
terminal branches, some from the right coronary artery and some from the
left circumflex, In has 1ng this double source of nounishment, however, 1t
15 still more fortunate than the anterior apex of the left ventricle, which 1s
fed almost entirely by terminal ramt from the anterior descending branch
of the left coronary artery, although anastomotic channels can develop
rapidly from the posterior descending branch of the right coronary artery

The interventnicular septum is supplied anteriorly by*perforating branches
from the antenor descending coronary artery, and posteriorly by per-
forating branches from the right A are more consp 1 the
superficial layers of the myocardmm than m the mner layers (Primzmetal

ef al, 1948); they are also at a physiological disadvantage when near the

endocardium because they are subjected to a higher intramyocardial

pressure {Johnson et al., 1939)

Stte of thrombosis and infarction. Chnically, major coronary thrombosis
mnvolves the anterior descending branch of the left coronary artery i 66
0 75 per cent of cases, the nght coronary attery 1n 25 to 40 per cent, and
the left circamflex i 5 to 33 per cent (Barnes and Ball, 1932; Appelbaum
and Nicolson, 1935; Munck, 1946), thrombosis of the left main trunk 15
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relatively rare. These figures ave conservauve, for careful study of the
whole coronary tree by means of radi-opague injections reveals multiple
thromboses in the majorty of instances

The relative incidence of the various sites of infarction harmonises with
the anatormcal and phystological data, and with the sites of thrombosis In
3 recent analysis of 160 cases, Wartman and Hellerstein (1948) found chiefly
anterior infarction 1n 72 per cent and chiefly posterior mn 28 per cent, but
there were muluple infarcts m 41 per cent Half the anterjor infarcts and
a quarter of the postenor infarcts also involved the interventricular septum.
Right ventricular infarction rarely occurs alone, but it may complicate
anteroseptal infasction of the left ventricle.

g figures published by Appelt and Nicolson (1935},

Nathanson (1936), Clawson (1939), and Munck {1946), it s found that
coronary thrombosts accurs without cardiac nfarction m 20 per cent of
cases, and that cardiac infarction occurs wathout coronary thromboss in
2g per cent, n the latter group atherosclerotic occlusion may be complete
or incomplete

Pathology A cardiac tfarct may be difficult to distinguish with the
naked eye when less than twenty-four hours old: microscopically, however,
acute necrosss of the muscle fibres may be recogmised by therr swollen
appearance and by the loss of their nucler and stmations When a few days
old an infarct 15 discoloured and may be surrounded by a red zone of
hxmorrhage or cong Microscopicaity the d muscle is secn 10
be mvaded by polymorphs Older mfarcts are yellowssh white in colour and
represent scar tissue

When necrosis nvolves the inner layers of the myocardium, mural
thrombr frequently form agawnst the damaged endocardium; m fact they
are found m 40 to 50 per cent of all cases (Hellerstemn and Martin, x947)-
Lotal pencarditis oceurs 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 percarditis develops tn about 1o per
cent

Myocardtal softening (myomalacia cordis) may result in rupture of the
heart (5 to 15 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}.,

Syprptoms. Although the onset of carduac infarction is sudden, premont-
tory symptoms are common during the preceding week or so and take the
form of typicat or atypical angina pectoris. Then, or without warning of any
kind, and ususlly without any obvious precipitating cause, the major attack
overwhelms the patient. It may strike indiscrimimately whether the subject
is asleep, at rest, performng daily routine duties, or exerting himself, and
i ly signalled by pam indistingmishable in site, radiation, and
quality, from angina pectorss; but instead of passing off in a few minutes, it
fasts for hours, Its intensity sares from a feeling of pressure to extreme
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agony, and gives no indication of the size of the farct, 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 is characterised by pain, others present with syncope, and yet others
Wwith suffocation. In the syncopal type, which represents a vaso-vagal
reactton, loss of consciousness may prevent appreciation of pain, when
paroxysmal cardiac dysp or acute pul y cedema d the
scene, the patient usually admits pain on close questioning

Physical signs. Unlike angina pectons, myocardial infarction provides a
wealth of physical signs and special findings When first seen the patient 1s
usually grey, cold, sweating, obviously ill and in parn; he may be breathless
and cyanosed, or he may be pale and collapsed—perhaps on
the other hand, he may present none of these features Within two or three
days muld cases may look and feel well

The jugular venous pressure ts sometimes a little raised during the first
day or two, and the pulse rate accelerated, but 1n cases with a vaso-vagal
reaction there may be bradycardia There may be orthopneea, paroxysmal
cardiac dyspnea or frank pulmonary cedema tn severe cases.

The blood pressure falls inwually only 1n cases with a vaso-vagal reactton,
and indeed may be elevated during the first twelve hours or so (Werss,
1939), in ammals it is simularly mamtained for the first twenty-four hours
(Gross et al, 1938), but it drops later, commonly reaching its lowest level
on the third or fourth day, when systolic pressures of 80 to go mm of
mercury are often found Thereafter 1t remaimns low for several days, or
even for weeks, and then in all who survive, cimbs slowly back towards
its previous level, which it may or may not reach (fig 14 09) In 67 per cent
of fatal cases Chambers (1947) observed no such recovery In hypertensive
subjects this drop m pressure may not be recogmsed unless the onginal
level 1s known

The heart sounds are often famt, particularly when the blood pressure
1< Jow, and there may be presystolic or protodiastolic gallop rhythm Tran-
stent pericardual friction 1s heard mn about 10 per cent of cases, especially
when the infarct is anterior. Disturbances of rhythm are not uncommon
and include ectopic beats, paroxysmal ventncular 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 leucocytosts also

occurs duning the first few days The sed 1on rate begims to accel
after a day or two, reaches maximum veloaity towards the end of the first
week, and then gradu’a}ly returns to normal m an average pertod of six

s anke Fonmm oo

‘ready been described and

the surface of the infarct

$how a promunent or monophasic Q wave, mital elevation of the RS-T
segment, and subsequent inversion of the T wave Antetior infarcts may
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be mapped out with precision by means of multiple umpolar chest leads,
and may be chiefly anterolateral (fig 14.11) or anteroseptal (fig 14 12) The
Q-T pattern is usually transmitted to lead VL and hence mamly to stan-
dard lead 1, but if the heart is electrically vertical a V5 Q-T pattern may
be transmitted to lead VF, and hence to standard Jeads 2 and 3 The Q-T
pattern of posterior infarcts is seen 1n wsophageal leads over the postertor
surface of the left ventricle, and is transmitted to lead VF and hence to
standard lead 3 (fig. 14.133), while chest leads usually show mitial de-

pression of the RS-T seg fe d by ily tall T waves (fig
14.13b)
Vg 1 Vi
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Fig 14 t1—Electrocardiogram showing_anterolateral cardiac mfarction  Mauimum
changes are seen: m leads Vs, V6, VL and standard lead T

The abnormal Q wave develops early and may persist indefinttely.
Elevation of the R-T segment is usually transient, but a monophasic Q
wave associated with persistent elevation of the Q-T segment 1s often seen
with ventricular aneurysm (fig 14 14) Primary mversion of the T wave
appears i a few days, reaches a maximum within two or three weeks, and
ther} gradually reverts towards normal, but shght mverston, with Pardee
coving of the RS-T segment, may persist n one or more leads (fig. 14 15).

The diagnosis of acute cardiac ion 1s pi 11, ble 1f sersal
electrocardiograms remain normal in all the recognised leads, but an mitial
electrocardiogram may be normal occasionally if taken within a few hours
of the onset

In differential diagnosis great stress is laid on the abnormal Q wave, for
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this occurs in no other condition It must, of course, be distinguished from
a normal Q wave measuning 2 or 3 mm., and a monophasic downward
deflection in standard lead 3 should not be accepted as'a Q wave unless Q
is also prominent 1n standard lead 2 and 1n lead VF (fig. 14.16). Elevation
of the RS-T segment is also seen in pencarditis (page 342), and opposite
large S waves in appropriate leads in left ventricular preponderance (page
426) and left bundle branch block; but the contour of the S-T segment
and the general pattern 1s different, as described elsewhere.

Fig 14.12~El

howing cardiae
changes are seen in leads V3 and Vg

Primary muerston of the T wave alone is less conclusive evidence of
infarction, for it may be scen in a variety of conditions including tovic
myocardstss, pericarditis, carbon monoxide poisoning, myxedema, certain
biochemucal states, and following paroxysmal tachycardia. However, the
depth and sharpness of the inversion usually exceed that in all other types,
and its assocation with upward coving of the RS-T segment is practically
diagnostic. Changes in seral graphs are less helpful, because nearly all the
pamary T watve changes mentioned above are also transient.

Bundle branch block, mostly left, occurred 1n 7 3 per cent of 700 cases of
angina pectons and 1n 8.9 per cent of 328 cases of cardiac infarction repurtcfi
by Salcedo-Salgar and White (1935). Conersely they found that ischzmic
heart disease accounted for approximately 50 per cent of 181 cases of intra-
ventricular block of all types Master, Dack and Jaffe (1938) found the
incidence of bundle branch block in acute coronary occlusion to be 12 per
cent in 1,058 cases collected from the hterature, and 15 per cent in 375
cases of their own. Intraventricular block does not necessanly imply septal
infarction in these cases, and, of course, may precede the acute episode.
Its importance lies in the fact that 1t may mask the electrocardiographic
signs of cardiac infarction; for as explained on page go there can be no



Fig 14 13 (a)~Electrocardiogram showing posterior cardiac infarction Charactersstic
changes are sven 1n leads VF and hence in Jéads 2 and 3 The ST segment 15 depressed
m lead V.

Fiz 1413 (b)—The later stage of postertor mfarction showing unusually tall T wases
1n chest leads
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(b) 15th Decernber 1941

() 3rd March 1942

Fig 14 14— showng wid d Q waves and persistent
tion of the ST segement assocuated with 1 eRtrcular smewrysm.
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Fig. 14 15~~Electrocardiogram of a case of old cardiac infarction showmng persistent Q

waves and Pardee covng of the ST segment m antenor left ventricular surface leads and

therr counterparts (leads VL and standard lead 1) The infarct occusred 14 months
previously

Fig 14 16—Electrocardio,
#nd inversion of the T wave 1n ead 3 due to cardia rotation note the absence of 2
Pathological Q wave in lead VF and the presence of an S wave 1n standard lead 2

Brim in a case of pregnancy showing a prominent Q wave
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1 the presence of night bundie branch block,

Fig. 14 17—Electrocardiogram showing typieal appearances of antertor cardiac mfarction
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1 the presence of feft bundie branch block
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Fip 14.18—Flectrocardiopram showing typscat appearances of antenor cardiac infarction
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Q wave in leads facing the surface of the left ventricle in cases of left
bundle branch block unless the septum s also necrosed, and the gross
deformity of the R-T' component may osershadow 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 recognised 1n nearly all cases
complicated by right bundle branch block (fig 14.17), and n about half
those with left bundle branch block (fig 14.18).

Electrocardiography may be of great value in the diagnosts of myocardsal
infarction months or years after the event, an abnormal Q wave, tocal
dwarfing of R, or primary inversion of the T wave i one or more left
ventricular surface leads or their counterparts being particularly helpful

Radiological findings Fluoroscopy is 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 15 seen around the whole surface of the left ventricle, in 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 paradoxical pulsation represents the infarct,
and may be seen on the left border of the heart towards the apex, or on
the diaphragmatic 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 13 by no means easy,
and requires considerable experience of normal vaniation The Lymograph,
a sumple device for obtaning a permanent skiagraphic record of cardiac
pulsation, has been used with some success as an aid 1n analysing the
findings (fig. 14.20), the electrohymograph is éven better But absence of
pulsation at the apex may also be seen occasionally m hypertensive heart
failure (fig. 14 21).

i Ventricular aneurysm is more easily recogmsed, partrcularly when
situated towards the apex or left lateral border (fig 14 22) It should not be
confused with a dilated left auricle (fig 14 23) or with an intrapericardial
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 ded as evid of coronary ath 1 calafied
coronary arteries (Snellen and Nauta, 1937) offer more convincing proof,
but even these do not necessanly signify 1schamc heart disease

Apart from the changes mentioned, the size and shape of the heart
are us\}ally normal in cases of uncomplicated cardiac infarction, enlarge-
ment is commonly due to heart failure or to comcident hypertensive
heart disease.

Complications. The acute stage lasts on the average for six weeks, during
the earlier part of which many complications may arise, the gravest danger
being abrupt death from ventricular fibrillation (fig 14 25), about 10 per
cent of all cases die in this way Other disturbances of thythm are also
relatively common and 1nelude ventrncular ectopic beats, paroxysmal ven-




Fiz 14 19—Skiagram in a case of anterior cardiac infarction showing a ledge on the left
border of the heart
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Fig 14 20—Kymogram of a case of anterior cardiac infarction showing an area of absent
Pulsation on the left border of the heart near the apex
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Fig 14 21—Kjymogram of a case of hypertensrie heart failure showing absence of pulsa-
tion at the zpex
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Fig 14 22—Skiagram of u case of ventricular aneurysm
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Fig 14 23—Skiagram of a case of organic mutral mcompetence showing a dilated Ieft
- auricle on the left border of the heart
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tncular tachycardia, paroxys-
mal auricular flutter and fib-
rillation, nodal thythm and
heart block They should be
regarded  seriously  because
they may herald ventricular
fibnilation or precipitate heart
failure,

Left ventricular falure or
congestive heart failure is par-
ticularly serious and is respon-
sible for as many deaths as
\'enm?ul_zr fibrillation; TOTE Fig 14 24—Skismram of a case of stab-wound
over, it increases the risk of  of'the heart showing & hematoma on its left
Phlebo!hmmbosls and pul- border (successfully evacuated later)
monary embolism

Thrombo-embolic lesions in various situations are detected chnically
a little over 10 per cent of cases, and may be found at necropsy 1 about
45 per cent (Hellerstein and Martin, 1947) The dangerous period is from
the fifth or sixth day to the end of the third week, when the clotung time
is shortened (Ogura ef al., 1946). Phlebothrombosis i the legs resulting
in pulmonary embolism is by far the most common, and 1s responsible for

ANGINA
PECTORIS

2y
Wil

Fig 14 25-Electrocardiagram showing the mode of death i a case of 1schemuc heart
disease ventriular fibnllation developed while a routne graph nas bemng taken
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10 per cent of deaths following cardiac infarction Cerebral thrombosis o
embolism is next in impaortance, accounting for § per cent of such deaths
Hellerstein and Martin give the incid of various thromb, boti
lesions as follows:

Per cent
Pulmonary . B . . o235
Renal . . . 144
Splenic . . . . 88
Cerebral | . B . .77
Peripheral arteries . .55
Mesentenc . . ¥ )
Carottd or aostsc . 0.5

Although mural thromb: occur 1 44 per cent of all cases, chey are not
responsible for more than 10 per cent of these lesions, for the latter have
been found m 39 per cent of cases without mural thrombi, and the total
ncrdence of thrambo-embolic fesions 13 hittle hugher (45 per cent) Thus,
massive pulmonary embolism 1s invanably from phiebothromboss, never
from mural thromby, and cerebral vascular acaidents are commonly the
result of local thromboss {Bean, 1938)

Cardiac rupture oecurs i less than 1 per cent, or 1 10 per cent of fatal
cases, 1t 1s not necessardy a dramatic event, for the perforation may be
small, and the signs and symptoms may be those of cardiac compression
from hzmopencardum, such cases may kive a week or more, Perforation
of the imterventricular septum 1s seen occasionally, and gives rise to the
sudden development of a coarse systehic thnll and murmur 1 the third
and fourth intercostal spaces towards the sternum Heart farlure has ensued
raptdly sn most of the cases reported (e g Leonard and Damels, 1938).
Although the perforation may look smal at neeropsy and the track tortuous,
the shunt dunng Iife may be considerable a5 estimated by means of cardiac
cathetensation

Left ventricular aneurysm may be found at necropsy mn as many as 22
per cent of fatal cases (Wartman and Hellerstein, 1948), but 1s less oftent
recogmsed chnically In the seres referred to above, 25 were anterior and
10 postersor, five of them ruptured The condion arises early and may
be well developed by the time the patient 1s allowed up for Suoroscopy.
‘The X-ray appearances have already been described {page 397} Chinically
it 18 suggested by an unusual pufsation n the region of the apex beat when
feft ventricular enlargement 1s improbable on other grounds. The electro-
cardiogram usually shows a monophasic O wave and conspicuous and
rather p ! of the Q-T seg over the ancurysm, while
the maim QRS deflection 1s often upnight 1n Jead VR (Goldberger and
Schwartz, 1948) (fig 14 14) If rupture does not occur during the first
few weeks the prognosts 1s fair.
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Pericarditis may be of three kinds: (1) a transient friction rub may be
heard over an anterior apical infarct, and represents local pericardia
reaction; (2) there may be widespread pericarditis with friction heard at
all areas or at a distance from the lesion, which may complicate erther
antertor or posterior infarcts; (3) there may be hezmopenicardium resulting
fm;p ventncular perforation. Local pericarditis does not alter the electro-

ar hic pattern of inf: ; but wid d pertcarditis may do so,
phic p: P y

and h_:nmopericardium invariably does (fig. ;4.26). Pericardial friction of
one kind or another is heard in about 16 per cent of cases

Fig 14 26—Carduac infarction by and b
A Original antenior cardiac infarction
B After recovery
C After of infarer

After-effects. The subseq course 1s d d by the effect of the
occlusion on the total coronary circulation Angina pectons may develop,
Dl'Alf 1t was present before it may be worse, on the other hand, if prevtous
Pain was due to local 1schzmia 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 rare, and usually denotes fresh coronary occlusion, even when the
perforation 1s through the old nfarct. Less than 10 per cent of ruptured
hearts are due to an old ventricular aneurysm (Munck, 1946)

Differentsal dy In the diff of myocardral nfarc~
ton, many conditions must be borne 1n mund, the most confusing are
massive pul y embol acute pe is, d g aneurysm of
the aorta, d ph herma, h 1 or gastric dysfu and
acute p: but diapt pleurisy, lly when bilateral,
disease of the gall-bladder, perforated duodenal ulcer, epid: myalga,

and pain referred from the spine may give nise to difficulty. In pulmonary
embolism the most 1mportant clue is early engorgement of the cervical
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veins and 1mmediate hypotension, whiist thythm changes are very rare;
otherswise, both symptoms and signs may be indistinguishable from those
of coronary th b and even hmb-lead elect fhagrams may resem-
ble those of postenior cardiac infarction Fortunately, however, chest-Jead
graphs are diagnostic {page 450). Acute pencarditis may ssimulate cardiac
infarction clasely, but may be disungusshed by the ef diogram (page
342). Dissecting aneurysm 15 charactensed by radiation of pmn to the back
and downwards, by hypertension, by the absence of efectrocardiographic
change, by the develep of aortic P and perhaps by signs
of involvement of carotid, subclavian, renal or femoral arterses {page 523)
Diaphragmatic hetma should be considered when there are no changes m
temperature, white count, ES R, and electrocardiogram, and may be
diagnosed by means of a bartum meal with the panent in the head-down
postton. (Esophageal or gastric pain may be felt in the centre of the chest
and may resemble the pam of cardiac snfaretion, but physical exammaton
15 entirely neg: , the electrocard remains normal, and the sub-
sequent course 15 benign Acute may be 3 by the
urinary diastase test

Treatment Patients should be confined to bed at once and should remain
there for three to siv weeks, or longer, according 1o the seventy of the iliness
and 10 the behaviour of the sedimentation sate and electrocardiogram If
the blood pressure 1s low and the patient faint or dizzy, he may have tolte
flat, otherwise, and partscularly if there 15 any sign of fasfure, he should be
propped up agamst a back-rest 1 order to reduce the work of the heart
{page 358).

Sesmi-starvanon for the first few days followed by an Soo-calone diet
during the dangerous period practically halves the mortahty rate (Master
et al, 1936) Frunt drinks and soft, stewed ar fresh frust with sugar 1s aif
that should be allowed for the first forty-exght hours The qualty of the
later hight diet matters less than s bulk and calorsfic value, but should
contaw httle sodwum of there 1s any evidence of falure,

The most beneficsal drug 1 the acute phase 1s morphine, which shovld
be given 1 adequate doses and as often as required to relieve pain and
distress, and to mduce sest and sleep Encellent resuits are obtained when
pam 13 severe by gring ot mtravenously 1 a dose not excesding Fofa
gram {15 mg } dissolved m at least 2 mi of stenle water or salne, and at
a slow rate, three mimutes being taken over the jection

Quimdine, 3 to 5 grams (o 25 G.) t.d.s, may be given mn the hape of
preventing ventricular Rbrdlatian and other changes of chythm Results are
difficult to assess, but on the whole seem to be encouraging: certainly,
quinidine p sventricular fibrillation in dogs (Wegra and Nickerson,
1943}, and the doses recommended are without danger.

Heparw and dicoumarol (page 454) have been used widely s rocent
years ta prevent of coronary thrombosis and thrombosis else-
where. The freq of pul y embolism and of cerebral thrombosis
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has already been noted; the former was directly responsible for 6 5 per cent
of deaths in a series of 200 fatal cases reported by Eppinger and Kennedy
(1938), was present in 24.5 per cent of the total, and 1n 32 7 per cent of
those with congestne failure, These are average figures and provide good
grounds for anticoagulant therapy. The results of a preltmnary analyss of
800 cases so treated (collected by 2 special commuttee of the Amencan
Heart Association) have been given by Vander Veer, Marshall and Kuo
{1948} as follons:

Cases treated with

Controls anticoagulants

per cent per cent
Death rate . . . .23 13
Thrombo-embolism . . 19 9

The coronary vasodilators, with the possible exception of aminophylhne,
do not relieve the pain of cardiac infarction, and do not influence 1ts course;
aminophylline, 02 G. tds. or four-hourly, may perhaps improve the
collateral circulation and may help to prevent cardiac asthma.

The only other drugs used at all frequently are bromide and pheno-
barbitone to allay anviety in apprehensive patients.

Adrenaline should be avorded, no matter how low the blood pressure, for
the gravest danger 1s ventricular fibnllation, and the drug most likely to
produce 1t, adrenahne. Digitalis and strophanthin are rarely indrcated and
are dangerous for the same reason (Travell, Gold and Modell, 1938) They
may be considered, however, when congestive heart faillure 15 becoming
serious or when auncular fibnillation or flutter with rapid ventricular rate
persist for more than twenty-four hours, but espectal care must be taken
to avoid an overdose Coramine, strychnine, cardiazol, and other stmular
remedies of the simulant class are not advised

Other measures may be necessary when there are complications mer-
curial ditretics and a low sodm dret are useful in the event of farlure;
ephednne, 1 gr (32-mg) t.ds, should not be withheld 1f Stokes-Adams
attacks complicate heart block; and bolder doses of quimdmne may be
needed to combat paroxysmal ventricular tachycardia

If the course 1s 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’ to three months’ convalescence 1s usually needed, while the
patient regains his confidence and gradually resumes his ordinary activities
Radical change of employment is rarely practicable in this age-group, but
lighter work and less responsibility may have to be advised Relatively good
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recovery from the first attack s the rule; but severe angina or yecurrent
congestive failure may cause total :ncapacity after subsequent attacks,

Prognosts, The mortality rate in acute cardrac infarction has been about
25 per cent for all attacks not specially treated; with prompt nursing atten-
tion, initial semu-starvation, and no interference 1t is said to be 16 5 per
cent {Master et al,, 1936), and with anticosgulant therapy 13 per cem
{Vander Veer ez al., 1948) With the added help of a low sodium diet and
quinidine, the mortality rate for alf attacks should not exceed 10 per cent
Such figures exclude cases of sudden death due to coronary thromboss;
they refer only to those which survive long enough to receive medical
attention. The mortality rate 1 first sttacks has been about two-thirds
that in all attacks

Preceding angma pectorts or hypertensson has no influence on the prog-
nosis, but diabetes mellitus 15 adverse. Whether the infarct 15 anteror of
posterior matters hitde, but involvement of the septum, multiple lesions,
and extensive necrosis, as judged by the efectrocardiogram, are bad omens.
Initial shock, profenged hypotension, a small pulse pressure, arrythmss,
cardiac enlasgement, congestive heart fatlure, and thrombo-embolism are
naturally senous {Katz and Mintz, 1947). Both in hypertensive and norme-
tenstve subjects, the greater the fall 1n blood pressure the worse the out-
look, agamn, those whase blood pressure fails to climd back towards therr
previous levels fare badly (Chambers, 1947}

The further outlaok in those who make a satisfactory recovery from their
st attack of cardiac infarciion does net differ radicatly from that yn angimz
pectoris as a whole, rehable figures are not available, but the average lfe
expectancy may be estimated at about seven to eight years,

The factors which mfluence the ultwate prognosis are also the same a3
thase in angina {page 380)

ACUTE CORONARY INSUFFICIENCY

‘The term acute caranary msufficiency has been proposed by Master and
fus colleagues (1947} 1o describe those cases of sschemic heart disease
that cannot properly be catled angma pectons or cardiac infarction, but
that appear to be something between the two

The phystological basis for the condihon is sumlar 10 that for angina
pectorss, but the responsible preciputating factors are prolonged. For
example, prolonged increase of cardiac work may be due to paroxysmal
tachycardia, suricular flutter, hypertensive cnises, thyrotoxic crises, and to
an overdose of certain drugs such as adrenaline, prolonged di fon of
the coronary blood flow may be due to anything that sertously lowers the
cardiac output and blood pressure, e g. hiemorrhage, shock, massive pul-
monary embol and v gal syncope; p ged reduction of the
oxygen content of the artenal blood results from asphyxia, carbon‘ tf\DnD‘ﬂdC
poisomng, and acute anwmia. In all these conditions the nutritional de-




AT REST WHEN NOT N PAIN

AFTER REST AND DICOUMAROL

Fig 14 27—Electrocardiogram shawing petsistent depression of the ST segment m a case
of acute coronary msufficiency Recovery followed six weeks’ rest and dicoumarol
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mands of the myocardium may be madequately met, especiaily sf occlusive
coronary atherosclerasis is also present, and subendocardial necrosis of any
part of the left ventricle may occur. The inner third of the muscle suffers
most, as I :mgina pectoris, owing to the intramyocardial pressure grﬂdxcm.

The clinical features may resemble a prolonged attack of argina or
atypical cardiac nfarction, on the other hand, the condition may be chni-
cally silent The electrocardiogram shows depression of the RS-T segment
in left ventricular surface leads and their counterparts, similar to that seen
dunng an attack of angina pectartis o dunng acnficial hypovia (fig. 14.27)

" i
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Fig 14 28-~Electrocardiopram showmg tranuent snversion of the T wares following
prolonged circulatory collapse with extreme tachs cardua, without evidence of stractursl
disease of the heart

Transient mersion of the T wave 1n the same leads may develop later i
the attack and may last for several days after the circulation has returned
1o normal (fig. 14.28). True mversion of the T waves 1s well seen in carbon
mononde poisoning (fig 14 29)

Acute coronary wsuffiiency as so defined may explain the occutrence
of true heart falure m the later stages of shock (Wiggers, 1947), and the
readiness with which heart failure develops dunng mfusions in the hyper
metic stage of severe hamorrhage or acute anzmia {Sharpey-Sehafer,
944). It may also explam the poor functional state of the heart too long

bjected 10 ponmde, and the develop of true heart fatlure in
Tnecasional cases of constrictive pencarditis

A special type of acute coronxry insufficiency occurs after corenars
thrombosis without cardiac nfarction. “This 15 destnbed on page 384




(b) Twehe days later

Fig 14 20—Transient 1mersion of the T waves due to carbon monovide poisoning
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CHAPTER XV

HYPERTENSIVE HEART DISEASE

YPERTENSIVE heart disease is but one facet of the whole pro-
blem of systemic hypertension It is necessary to consider this
problem fiest

DEFINITION

Hypertension wmphes elevation of the basal blood pressure above the
normal himnts of 145/90 mm Hg Physiological vasoconstriction due to
emation, to cold, or to other trivial cause, 1s common, and modifies the
significance of casual high readings of the order of 160/go mm. Hg. The
basal pressure 15 that obtained when the subject 1s lying down, and when

dings at fi te intervals have dropped 1o a steady level.
Strretly speaking, the subject should have had nothing to eat or drink for
taelve hours, and the room temperature should be about 70°F.; but these
pomnts are mnpracticable

When elevation of the blood pressure shows disproportion between
systohic and diastohc levels, systolic bias favours ngidty of the aorta and
targe vessels as mn atherosclerosis, or increased force of cardiac contraction
as m thyrotovicos:s, whereas d lsic bas favours niction, as it
true hypertension It s therefore permussible to spesk of systohc or diastobe
hypertension

VARIETIES OF HYPERTENSION

Hypertension may be p 1, as 1n pheoch ytoma of the
adrenal medulls, transtent, as sn acute nephrnitis and tovema of pregnancy;
of persistent, as 1n chromc nephrtis, chronie pyelonephritis, surgreal lrld‘
ney, coarctation of the zorta, and essential and mahgnant hypertensiott.
High blood p pavying thyr and the cli 1€ 15
concrdental. statsstical analysis shows no sigmificant correlation, and the
pressure does not fall when these disorders are carsected {Bechgaard,
1946) The blood pressure 1n obese subjects may appear to be higher than
1t really 13, owing to the unrehabiliy of the cuff method of measurement
when applied to a fat hmb, lower pressures may be recorded by direct
artenal puncture. Under certain conditions, e.g. during a ragor when there
is intense vasoconstriction, or when the mam artery to the hmb 15 partly
accluded, the blood pressure reading may be much lower when measur
by the cuff method than when measured by direct artersal puncture, indeed
it may be immeasurable by ordinary means when direct punctuse proves
it to be 1n the region of 100 mm. Hg. Such fallacies must be constantly
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borne in mind. Hypertension associated with nutral stenosis 1s almost
certainly a matter of chance, apart from the transient nse of pressure which
may result from heart failure.

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. in people over 50 years of
age; Brtish estimates are similar. About 5 per cent of young adults, 3o to
40 per cent of subjects over 40, and 63 to 75 per cent of those over 70 have
‘some degree of hypertension (Master ef al., 1943); the lower figures apply
to e [P VR e e
ar
1c
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tension in persons under 40 years of age is commonly renal less than a
third of his series were essential, and he encountered no primary malignant
cases under the age of 34

. The sex incidence 1s about equal, men being rather more frequently
affected in the upper classes (Janeway, 1913; Ehrstrom, 1918), women m
the lower (Blackford et al., 1930; Bechgaard, 1946} Malignant 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 remainder are
renal,

High blood pressure appears to be linked with civilisation- 1t 15 sad to
be rare or uncommon 1n China, amongst orientals generally (Harris, 1927),
and in negroes (Donnison, 1929), but it 15 as common or more common
in civilised negroes i the U'S A, as in the white population (Fishberg,
1939)-

PATHOGENESIS

Paroxysmal hypertension 15 due to an excess of arculating adrenaline
released by a phaeochromocytoma of the adrenal medulla (Beer, King and
Prinzmetal, 1937).

Transient hypertension 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 (Kylin, 1926) There 15 reason to believe that acute
nephrits 1s an allergic vascular reaction to the products of remote bacterial
infection (Cavelts and Cavelts, 1945) usually but not exclustvely strepto-
coccal, the brunt of the attack faling on the glomerular tufts, but the

illaties elsewhere not ping entirely. General vasospasm may cause

the hypertension
Hypertension i toxema of pregnancy may be transient and behave like
that 1n acute nephritis or it may be persistent and resemble essential or
malignant hypertension (Golden, Dexter and Weiss, 1943)
¥FF
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High blood pressure in coarctation of the aorta (page 208) probably
results from dimmution of the renal blood flow. It does not occur experi~
mentally if the aorta 1s constricted below the ongin of the renal arteries
{Rytand, 1938}.

Hypertension resulting from chronic nephritis, chronic pyelonephritis
{Schoen, 1930, Longcope and Winkenwerder, 1933), and certan surgical
kidneys {Braasch, Walters, and Hammer, 1940) is almost certamnly atter-
butable to a humorat agent liberated by the diseased kidney (Pickering,

1943)

ETIOLOGY OF ESSENTIAL HYPERTENSION

Certam predispostng factors must be considered first.

Heredity Accordmng to Platt (1947), essential hypertenston cauld be 2
hereditary disease c yed as a Mendelan d avith a rate of expres-
sion of more than go per cent. This ray be an extreme view, hut the
mportance of the hereditary factor cannot be demied Thus Ayman (1934),
studymng 277 famudies, found hypertension m the children in 3.1 per cent
of the famshes when bath parents were normal, m 28,3 per cent when one
parent was hypertenswe, and 1n 45.§ pet cent when both parents were
bypertensive. Agamn, 1n an investigation based upon 256 members of 30
famultes, Hines (1940) found that the children were hyper-reactoss to the
cold pressor test in 43 4 per cent when one parent was either hyper-
tensive or a hyper-reactor, and n g5 per cent when both pareats were
effected In Bechgaard's serses of over 1,000 cases of persistent hyper-
tenston, which neluded 20 7 per cent possible renal cases {m which there
15 0o hereditary factor), one or both parents were sersously hypertensive
m 75 per cent

Hyper-reaction ta pressor agents The excessive reaction of hypertensii€s
to the cold pressar test of Hines {1940) 15 the best example The test 1s
carrsed out as follows  the basal blood pressure 1s first recorded in the usual
way, the subject’s free hand 1s then plunged mto sce-cold wates (3° to 56(; }
to just above the level of the wrist, and immersed for one minate, while
the blood pressure s recosded at half-minute wtervals, In 8.5 per cent of
normal persons the blood pressure nises an average of 12.4/10.7 M Hg,
and returns 1o 1ts previous level within two munutes, A nse of more than
20/15 mm. Hg 1s regarded as a hyper-reaction Panents with established
essential hypestension show an average rise of 46 6/30 9 mm Hg, 95 ¥
cent bemng hyper-reactors Follow-up studses indicate that apparently nor-
mal indtviduals who are hyper-sensitive to the cold pressor test are Iikely
to develop pesststent hypcrtenston, Hines ako clams that high casuak
readings due to emoton have the same significance; but this is not sub~
stantiated by the subsequent histories of panents with Da Costa's syndrome
(Grant, 3925; Wood, 1941). "

Holding the breath far 20 seconds may also be used as a pressor age
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in much the same way, and compares favourably with the cold pressor test
(Ayman arid Goldshine, 1939).

Other factors. ‘The influence of civilisation, and of sex in malignant
hypertension, has atready been mentioned

Structural changes in the vessels Certain structural vascular changes often
found associated with hypertension have been proved to play no part n
its production. Atherosclerosis is innocent in this respect unless a plaque
constricts the renal artery; increased rigidity of the aorta and great vessels
may raise the systolic pressure, increase the pulse volume, and accelerate
the speed of the pulse wave, but it has little influence upon the mean blood
pressure. Calcification of the media of medium-sized artenes has a sumilar
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
lamina, and hypertrophy of the media of small arteries and artenoles, are
also effects, not a cause, of sustained hypertension Hyaline thickening of
the intima, especially of the afferent glomerular arterioles, found 1n g8 per
cent of cases of essential hypertenston, 15 the only vascular leston possibly
to blame which has not yet been proved to be a result of high blood pressure
(Pickering, 1943).

xperimental studies. The classical experiments of Goldblatt (1934 et seq.}

proved that persistent hypertension could be induced 1n dogs by constrict-
ing both renal artenes; unilateral constriction fatled unless the other kidney
was removed . Hypertensive retinopathy and widespread artenolar necrosis
similar to malignant hypertension 1n man were reproduced by more severe
constriction, but the renal vessels distal to the clamp were spared Simular
results were obtamed in rabbits by Wilson and Pickering (1937) In 1939,
Wilson and Byrom succeeded in causing persistent hypertension, benign
or malignant, in rats by constricting only one renal artery The vessels m
the other Lidaey then showed changes comparable in all respects to those
seen 1n benign or malignant hypertension 1n man

The 1 that the diff between tial and mal
hypertension is merely one of degree 1s supperted by the occasional develop-
ment of malignant changes 1 practically all varieties of hypertension,
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merely a fate consequence (Castleman and Smuthwick, 1943)
Biochemical hypothests concerning the cause of hypertenston Experimental
hypertension of the kind just described is believed to depend upon the
Iiberation of an excess of renin by the ischmie hdney Renin combines
with an enzyme, hypertensinogen, which 1s a normal constituent of the
’ o . or angio-tomn
' e destroyed by



420 DISEASES OF THE HEART AND CIRCULATION

"There is, as yet, no direct proof that essential hypertension in man 1
caused by this mechanism, although it seems to explain renal hypertension.
It may also explan rare cases of hypertension assocrated with athero-
sclerotc obstruction of one or both renal arterses (Yuste, 1944} It should
be noted that umlateral renal disease is capable of causing hypertension in
man; 1n other words, man behaves like the rat i this respect, not like the
dog or rabbt.

Physiolegy of the civenlation in essentiol hypertension. In essentral hyper-
tenston vasoconstrictson affects chiefly the efferent glomerular arterioles of
the kidney, the intraglomerular pressure bemng rased and the cortical
blood faw dimuushed, ebviausly, if the Jatter were due to vasoconstriction
proxumal to the glomeruh, the intraglomerular p: would be lowered,
Blood appears to be diverted from the renal cortex 1t other channels. The
classicalstudies of Trueta and hts colleagues (147} make 1t highly probable
that the juxt dullary by-pass provides the principal diversion, The
vessels of the skin and bram are constricted more or less suffictently to
prevent an ncreased blood flow through these territories; on the other
hand, the arterioles tn skeletal muscle, and probably 1n the heart, are hitle
if at all constricted, so that they may passively yield to the raised pressure,
and take some of the shunt The behaviour of the splanchmc vessels
remains to be mvesugated The cardiac output, blood volume, and blood
viscosity are normal Vasoconstnction appears to be humoral rather than
nervous m mechanism (Pickering, 1943). Hypertensin causes a similar type
of vasoconstriction the chief effect 1s on the efferent glomerular arterioles;
the skin 15 mvolved only to the extent of preventing secondary increase 9f
blood flow; the skelets] muscles take some of the shunt, That hypertensint
1s the humoral cause of essential hypertension s therefore sn attractive

hypothesis Pickenng remarks that the bram and heart, heing two of the
most smportant organs i the bady, are provided with special pressof
mechantsms, the carotid smnus and aortic arch, which respond to falling

mntravascolar pressure by caussng vasoconstriction, as the nature of thes‘c
organs demands that appropriate ady are diately d, it
1s natural thot the mech of this riction is nervous. But the

kidneys are just as vatal, and 1t would therefare harmonise ith g""‘““!
principles 1f they o0 Were provided with a pressor mechansm 10 1nsure
adequate intraglomerular pressure withaut which filtration would cease;
but there 1s no necessity for sudden adpustments, but rather for prolonged
ones. A humoral mechanism would meet the requirements nicely. .
Nevestheless, as previously stated, proof that essental hypertenston
man is due to excessive hberation of renin is lacking. Transfusion expert-
ments have faled to demonstrate a pressor agent in the venous bloo
of hypertensive subjects; and Light and I (1939) farted ta demonstrate 3
pressor agent in a pmt of blood taken from the renal vem of a paticat with
malignant hypertension, and transfused anto a boy of nine. Even if the
humorat mechamsm were proved to be the renin-hypertensin system,

ey
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we should stll be ignorant of the cause of 1ts hyperactivity

The most p ing line of investi seems to be that recently
opened up by Trueta and his colleagues at Oxford. They have shown that
blood reaching the kidney has two alternative routess (1) through the
glomeruli of the cortex, (2) through a yuxta-medullary by-pass Blood may
be diverted from the cortex in varying degree as a result of emotion, shock,
crushing injuries, hxmorrhages, certain drugs, eertamn bactenal toxins, and
probably by innumerable other agents. In cases of Dright’s disease they
have noticed degenerative changes in the juxta-medullary glomerult con-
sistent with constant operation of the shunt. The significance of these find-
ngs will not be overlooked, particularly their suggestion that the juxta-
medulfary by-pass may act as a functional Goldblatt clamp.

CLINICAL FEATURES

PAROXYSMAL HYPERTENSION

Paroxysmal hypertenston, first described by Frankel (1886), 1s rare,
usually occurs in youthful or early middle-aged subjects of either sex,
and is characterised by recurrent attacks of palpitation, headache, and
vomiting; angina pectors or even acute pulmonary cedema (Howard and
Barker, 1937) may be associated Abdomnal compression, as occurs on
stooping, may provoke an attack; but usually there 1s no obvious preupr-
tating cause During the crisis, which may last for minutes or hours, the
blood pressure (systolic and diastolic) 15 extremely high; most of the skin
15 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 mahignant, develops sooner
or later in the majonty {Green, 1946)

A mass about the size of an orange may be felt m the abdomen 1n one-
third of the cases, or may be demonstrated by sumple skiagrams, pyelo-
grams, or other radiological methods The adrenal medullary tumour 15
cammonly umlateral and berugn There 1s usually a considerable excess of

or nor-adrenaline 2ll the time, and 1n attacks there

may be a thousand times the normal quantity (Mackesth, 1944) The
efectrocardiogram may show the usual pattern associated with perssstent
hypertension, or it may show evidence of acute left ventricular stress during
attacks—mnversion of the T wave m leads facing the surface of the left
ventricle

Death may result from cerebral hemorrhage, acute pulmonary cedema,
or ventncular fibnilation.

Fnllow mg the demanstrauun bv Clerc and Sterne (1937) that a synthetic

(drethyl ) 1n oral doses of a o5 G.,

slx-hourly, reheved all sympmms immediately and prevented further
attacks, the adminstration of this substance has been used as a diagnostic
test for the condition (Cahll, 1948)
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The mtravenous injection of o025 mg, of histamine or of 300 mg. of
tetrasthylammontum bromide s alse helphul in diagnosis, for in tases of
pheeochromocytoma both ratse the bloed pressure (La Due et al, 1948}

Freatrnent fs surgical and moy he entirely suceessful; but the operative
mortality 15 about 30 per cent {Mackeith, 1944). The chief dangers are
exireme hyper-adrenatism during maniputation of the tumour, and 2 pro-
found drop m blood pressure foljowing s removal,

TRANSIENT HYPERTENSION

The chinical features of acute nephnus snd toxmmia of pregnancy are
beyond the scope of thus work, and thetr effect upon the heart is discussed
elsewhere {page 327%

PERSISTENT HYPERTENSION
Tt 15 doubtful whether any symptoms can be aseribed to high blood
pressuretset! Certarnly the majunty of casesare discovered scardentally, or
1 u G

by reason of daches, fatigue, dizzi Ity in con~
fi, and palpatati ace by due tw anvety, whether the

blood pressure 1s rmsed o ot Redustribution of biood due to selective
tctran may, h deternune the behaviour of two vacables

1t was stated previously that vasoconstnction sa skin and bram was more
or less sufficsent 1o prevent an morease of blood Row through these term-
tones as a result of rased pressure the words “more or less” may now be
smplified Thus move cutaneous vasoconsiretion may be respansible for
the pale hypertensive, less for the red, more cerebeal vasoconstretion may
be responsble for dizziness, falmg memory, aed for geaeral mfﬂ““
detenoration, less for headsche The more important sympitons asaciated
with hypertension are due to cardrac, renal or cerebral compheations, and
will be discussed later,

The blood pressure 15 necessarily rused; a dagnons of previgus perssteat
hypertensien, when the bload pressure 15 found to be normal, 8 pearly
always wrong, unless there 1 severe hemerrhage, shock, massive puls
monary embohsm, tr myscardal mfarction It is customary 16 recoguids
four grades of hypertension according to the level of the diastolic pressure!
between go and tro qun. Hg is considered mild, 110 to 130 moderste] 139
th 130 severe; above 150 gross The systolic pressure may be at sy Teel
benween 350 and joo mm Hg, and may modify the grade accordngly-
With mutd kypertension 1 1s usually between 150 and 200, with moderafe
hypertension betweeyn 180 and 230, With severe, between 210 and 260, with
gross, beiween 240 and Joo Essential and nephetic hypertension may be
of any grade; mahignant hypertension 15 always severe or gross.

The pulse is firm aind varies consderably in amplitude from case (o case,
1In the more severe rades 1¢ 15 apt 1 be small; in those with mar.ked‘mhAm'
sclerosis, large. Hard, tortuons or calesfied peripheral arteries indicate

atheroscleross or Monckeberg's sclerosis, not hypertens, 1on—although they
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may be associated. In the latter event, one or other carotid, usually the
night, may be hinked, and then mistaken for an aneurysm; or carotid pulsa-
tion may be so increased in amplitude as to suggest aortic mcompetence.
A diminished and delayed femoral pulse associated with absent dorsalis
pedis and posterior tihial pulses indicates coarctation of the aorta. Pulsus
alternans (page 166) may occur in severe cases, and 13 usually associated
with heart failute.
Retinoscopy may reveal arterial thickening, hemorrhages, exudates or
papilleedema, and should never be omitted There are five signs of arteral
thickening: (1) increased tortuosity; (2) notching, pinching, or S-shaped
bending of veins at arterio-venous crossings, (3) uniform or rregular
narrowing of the arterial blood streams, owing to reduction in the diameter
of the vascular lumina, (4) white arterial fringes or thin white lines border-
ing the red arterial streams, representing the thickened white walls of the
arteries themselves—they are rarely seen in more than one or two places
and then only for a short distance, usually on a bend, (5) the “silver wire’”
artery, in which a single white streak, representing 2 grossly thickened
artery with an obliterated lumen, replaces the red column of blood. This
is rare and wsually signifies thrombosis Occasionslly, the distal part of
such an artery may be patent, due to the development of a collateral
crculation
By far the most important of these signs 15 narrowing of the arteral
lumen Normally, the apparent width of a retinal artery compared with its
accompanying vein 1s as §* § or 4: 5. When the artery 1s thickened this
ratio is decreased, and may be about 3 : 5 or less. There is no better way
of expressing the average calibre of the retinal arteries than by giving the
approximate arterio-venous ratio
In berugn hypertension 1t 1s rare to find more than notching of veins and
narrowing of the arterial larmina; white artenial fringes and obhiteration of
the lumen usually mean nephntic or mahgnant hypertension
1t should perhaps be added that the appearance of the fundal vessels
gwves little indication of the state of the cerebral vessels, the risk of stroke
cannot be assessed from retinoscopy
Retinal hemorrhage may be superficial, when 1t 15 linear or fan-shaped
n appearance, or deep, when it resembles a rounded smudge Both kinds
may be seen 1n hypertensive retinopathy, but the former 1s more common.
Hzemorrhages are rare n essential hypertension, and when present are
usually muinute. They are not uncommon in nephritic hypertension, and
almost mvariable, sooner or later, 1n the malignant type

Retinal exudates are of four distinct types. (1) large hemorrhages some-
times reveal eccentric soft white cores which may persist after absorption
of the bload, (2) soft fleecy patches scattered indiscriminately over the
retina are charactenstic of malgnant hypertension, (3} complete or incom-
plete star patterns, composed of hard whitish particles or dots, radiating
from the macula, may be seen m chronic nephritic or in malignant hyper-
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tension; (4) in diabetes mellitus, the exudate is waxy, sharply cut, and
scattered, resembling pate yellow confetts. Small areas of retinal degenera-
tion m old peaple should not be confused with exudates.

When papilledema is added 1o the signs of hypertensive retinopathy
already descnibed, malignant hypertension should be diagnosed Con-
versely, mahignant hypertension should rarely be considered in the absence
of papilledema.

Although chronic nephritis may be responssble, Jittle 15 fost by making
the other diagnoss, for if there 15 papitleedema the course of the disease
will certmnly be malignant, if acute nephritss and toxemia of pregnancy
can be excluded. The appearances may be disungushed from those of
cercbral tumour by the arterial changes, by a macular star figure, or by
exudates independant of hamorrhages.

The mechanism 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 hypertenston {Ellis and Werss, 1929~
30), and in any case healthy capillaries can withstand astonishingly high
p Papilleed 1s usually d with a high cerebro-spinal
fluid pressure, but not mvariably; mareover, higher C S F. pressures are
found without papilleedema in cases of supenor vena cava obstruction
Occasionally, progressive blindness oceurs

Examnation of the heart usually reveals some degree of left ventricular
hypertrophy. The apex beat becomes displaced to the left and downwards;
the cardiac impulse becomes heaving 1n quality, and unusually easy ta feel
It is quite different from the short sharp thrust of the over-acting heart, for
its a quiet unhurried action, giving the impression of great strength The
dynamic quatity of the former may be compared with the first few strokes
of a racing crew, galvamsed ito urgent actton by the sound of the starung
signal; the heaving umpulse of left ventricular hypertrophy to the poserful
steady dnve mamtmned by the crew when 1t has settled down to 2 long
hard struggle. If, with due care, the apex beat cannot be focated, left
ventricular hypertrophy 1s unlikely, even in obese subjects, unless masked
by emphysema. N

Presystolic gatlop rhythm is common with severe hypertension, especially
but not necessarily when complicated by left ventricular farlure. Tl.lc second

sound at the base is accentuated and agh pitched. Functional aortic ncam
petence 1s not and may be jated with dastoltc pr
of 130 to 170 mm Hg; 1n other words, it may not affect the airculatory
dynamics. It is due to dilatation of the aortic ring and roay be C?V“W"d
with functional pul v p in rutral stenosis and atrial se}}m[
defect. Pulsus al may imes be heard, ity of there 1s 2
iteal systolic murmur (Levine, 148).

Auricular fibrillation is found in about 7.5 per cent of unsclectc'd hyper~
tensive patients (Rothstadt, 1938), and may precipitate congestl\;e hcnr:
faiture. At first, and particularly if d, it may be par buta
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arule it soon becomes persistent, especially under the influence of digrtalis
and in elderly subjects. Permanent auricular fibrillation 1s less troublesome
than paroxysmal, and tends to protect the individual from paroxysmal
cardise dyspneea and acute pulmonary edema Other rhythm changes are
relatively rare, but include auricular flutter, paroxysmal tachy cardia and all
degrees of heart block.

Limitation of cardiac reserve is i d by undue breath on
exertion and by poor respanses to effort tolerance tests Left ventricular
failure develops sooner or later in the majonty of those who survive the
other hazards of hypertension, and may be recogmised by a history of
orthopneea, paroxysmal cardizc dyspneea or pulmonary cedema, and by
finding persistent rales at the lung bases, a diminished vital capacity and
lung volume, prolongation of the crude pulmonary arculation time, and

ion of the pul y vascular shadows, as descnibed on pages
158 10 163,

Congestire heart failure with elevation of the venous pressure, hepatic
distension, and dependent cedema, follows left ventricular failure 1n pract-
cally 2ll cases that survive other risks. Not infrequently, patients with
hypertensive heart disease dex elop congestive heart failure without previous

. 1

4 1

orthopneea and paroxysmal cardiac dysp No factory exp
for the behaviour of these cases has yet been offered Catheter studies have
proved that the right ventricull is ly normal in hyper-

tension, and that, although it rises n left ventnicular fallure, the levels
reached do not seem high enough to be responsible for right ventricular
failure, as much higher pressures may be found in pulmenary stenoss and
patent ductus without embarrassment The suggestion that the nght ven-
tricle »s partly obstructed by displ of the intery lar septum
(Bernheim’s Syndrome) lacks proof, but necropsy evidence is suggestive
(East and Bain, 1949). “Functional pulmonary stenosis” was disproved m
one case of the author’s by means of cardiac catheterisation

The cardiac output is low 1n hypertensive congestive heart farture, but
may be near normal at rest in left v entricular failure, moreover, paroxysmal
cardiac dyspneea may occur as the output rises (page 159)

The size of the heart in hypertension bears a close relationship to the
duration of heart failure, it 13 largest in essential hypertension when failure
has been prr d; least enlarged n chronic neph hypertension when
death is due to renal failure, or 1 those who die from apoplexy or from
othernon-cardiaccauses (Harnsonand Wood, 1949) Again, serial shiagrams
may show little alteration 1n the manifest size of the heart for long periods
in essentral hyp ion, yet gross enl may develop rapidly when
failure occurs This is not merely a matter of cardiac dilatation, because
Teart weights show sumlar correlation. Slight to moderate left ventricular
hypertrophy probably results from hypertension alone, according to its
degree and duration, but gross enlargement, which usually 1nvolves the
night ventricle as well as the left, is always due to protracted failure,
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Moderate hypertrophy should be regarded as a compensatory change of
structure which 1s beneficial it helps the heart to perform more work
{Dieckhoff, 1936)

Electrocardigraply provides the most accurate means by which the
degree of left ventrscular enfargement and stress may be assessed. Leads
facing the surface of the left ventricle, such as Vi and V6, show high
voltage and slightly wadened R waves, with depressed R-T segments and
mverted T waves (g 13.01} This fund ! pattern is reflected in night

(X174
Z

Fig 15 os—Electrocardaogram in 2 case of by pertensn e heart disease {see text) ‘The heart
15 electrseally horzontal

ventncular surface feads, such as Vi and Vz, as very small R naves and
deep S waves, the §-T segment bemng elevated, and the T wave mearisbly
upnight The heart 1s usually electacally horizontal, left ventrieular surface
potentials bemng transmutted to the left arm, nght ventricular su rface poten-
tials to the leftleg Lead VL then resembles Vg and V6; lead VF ”“mb.ks
V1 Standard himb Jesds therefore show left axis deviation, lead 1 looking
like VL and V3 or 6, lead 3 Iike VF and V1,

When the heart ts rotated clockwise on its longuudinal 2
belaw), the anterror part of the inter-yentricular septum is displaced to the
feft, and the transitvon zone becomes Vg ar even V5 (fig. 55 oz}, when th§
heart ss sotated anti-clockwise, the transition zone moves to the nght, an 3
QR compleves or domsnant R waves with inyerted T waves may be foun
as far across as Vaz (fig 15 03).

When the heart 1s electrically vertrcal, lef
are transmitted to the left leg, nght ventricular surfa

s (viewed fromt

ft ventricular surface potentials
ce potentials 0 the left



Fig 15 02— 3 n a case of h heart disease with clockwise
fofation about the longitudinal axis the fransition zone 18 shifted to the left

-
MHT‘T(\;/HH

Fig 1503

El d 1 a case heart disease with anti.clockwase
rotation about the longitudinal axis the transition zone s shifted to the nght
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Fig 15 04—Fb mn a case of hn heart disease The heatt 18

electrically vertical (see text)

=
Fig. 15 05—El show dant left ventricular prepondersnce du¢

e position of the heart.
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arm. Lead VF then shows the tall R wave and mverted T, whilst lead VL
has a prominent S wa ¢. Standard leads may then show nght axis deviation
with inversion of the T wave in leads 2 and 3 (fig 1504).

Concordant left ventricular preponderance in standard leads (fig 15.05)
is due 1o a semi-vertical electrical position of the heart. Left ventricular
surface potentials are transmitted to the left leg, and standard leads show
high-voltage R waves and inversion of the T wasve in all leads.

The higher and wider the R wave in lead V5-V6, 2nd the deeper the 5
wave in lead V1, the bigger the left ventricle, The pattern may be distin-
guished from left bundle branch block by the presence of Q mn lead Y
The cause of the R-T segment depression and the T wave inversion is less
well understood- these changes may be associated with acute left ventricular
stress without hypertrophy of the muscle, although they usually result from
both; coronary disease is not responsible.

X-rays reveal left ventricular enlargement fairly well, but accurate
measurement is difficult 1n obese subjects. The left border of the heart is
not only displaced to the left, but is denser and more rounded than usual,
and may sink deeply into the shadow of the diaphragm (fig 15.06a), whulst
the point of opposing 18 displaced upwards. In the sccorfd
oblique position the patient often has to be turned farther to the nght in
_order to prevent the shadow of the left ventncle overlapping the spine. the
increased bulk of the left ventricle 1s usually obvious (fig. 1 5.06b).

Hypertension also leads to unfolding of the aortic arch The ascending
himb curves more forward and to the nght, the descending more backward
and to the Teft. In the antero-posterior view the aorta may thus appear
widened, but it is only because the two limbs throw adjacent instead of
superimposed shadows (fig 15.072) Unfolding 15 best seen in the left
anterior oblique position, especially with barum 1n the @sophagus, which
is deflected back with it (fig. 15.07b), the abrupt angulation so caused

ionally prod dysphagia. In the first oblique position the oso-
phageal deflection may be almost as conspicuous (fig 15 07¢) In this view,
backward displ of the cesopt at left auricular level may be due
to enlargement of the base of the left ventncle (fig 15 08)

The combination of left ventricular enlargement and unfolding of the
aorta presents the characteristic appearance of two ovals set at right angles;
another deseriptive term 15 “boot-shaped” (this should not be confused
with the “cceur en sabot”, which compares the turned-up toe of the heart
1n Fallot’s tetralogy with that of the wooden shoe commonly worn by
Dutch peasants)

Angina pectorts occurs 1n 5 to 10 per cent of cases, and may be due to

iated coronary ath 1 or to relatne coronary msufficrency
Pain may be typical, or it may tend to last longer than usual, even up to an
hour or so, depending particularly upon transient nises of blood pressure
such as occur, for example, in 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—Hypertensive heart disease showing left ventn-
cular enlargement
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(3) Antero-posterior view (b) Left anterior oblique position
8 15 07--Skisgram of a case of hypertensive heart disease shawing unfolding of the aortic arch

i 15 a7 ()—Right anterior oblique position Fig 15 03—Right antenior oblique view of a
case of hypertensive heart disease showing
backward displacement of the asophagus at

Teft suncular level
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It will be remembered that the coronary blood flow depends upon the
mean blood pressure, and upon the state of the coronary arteries Duning
systole, the large extra-mural coronary vessels dilate, formmng a tense
elastic resersoir, the outflow beng sealed by the intramural pressure The
higher the systolic pressure, the greater this elasuc reservorr. As the ven-
tricles relax, blood flows through the intra-mural branches, influenced not
only by the aortic diastolic pressure, but also by the elastic recorl of the
superficial coronary arteries.

Autopsy studies indicate that the coronary blood flow 1n essential hyper-
tension 1s considerably increased In figs. 15 oga and b the coronary systems
of a normal and of a hypertensive heart are compared The vessels have
been injected with a radio-opaque substance at the calculated mean pres-
sure, and skiagrams have been taken at a fixed distance, so that comparative
measurements are valid. The large and luxuriant coronary tree of the
hypertensive case is typical of the senes studied (Harmson and Wood,
1949). It is probable that the coronary flow behaves Iike the blood flow
through skeletal muscle, and 1s usually increased 1n all forms of hyper-
tension In cases of angina, however, skiagrams of the injected coronary
vessels show either occlusive atherosclerosis {fig 15.10a) or a meagre
coronary system which has failed to enlarge (fig. 15 10b).

Renal behaviour varies greatly according to the type of hypertension In
the essential variety renal failure is rare, and when 1t does occur 1t 1s late,
usually in patients over 70 years of age Minor degrees of renal mvolve-
ment, however, are common 'Traces of albumin, and hyalne casts, are
often found in the urine, due to glomerular fault, and dinunished filtration
may be revealed by inulin, creatinine, or urea clearance tests Tubular
re-absorption may be impaired, resulting in polyuna and n dimmushed
power of urinary concentration Nocturia may also be a feature.

In malignant hypertension there 1s always a fast race between renal
fatlure, cardiac failure, and cerebral catastrophe. The end 1s sometimes a
combination of all three, Nevestheless, despite the early occurrence of
renal failure, 1t 15 rare for pronounced changes m renal function, or for
conspicuous unnary findings, to precede the charactenstic retinopathy
(Wagener and Keith, 1924) The converse 1s true of nephritic hypertension
Nephrosclerosis 1n malignant hypertension differs from that found mn
essential hypertension only 1n the presence of afferent glomerular artertolar
TNeECros:s,

In chronic nephntis there 1s usually cunslderable evidence of renal

NI PRI P -
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polyuria, noctuna, and failure of urinary concentration
Cerebral mamfestations occur sooner or later in about one-quarter of

hypertensive cases Cerebral hamorrhage 15 an ever-present danger, and
Ga
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may at any time cut short the life of the patient. Subarachnoid hemorrhage
is by no means rare, congemtal deficiencres in the media or elastica of cer-
tam artenes, particularly those forming the circle of Willls, with ot without
berry ancurysm, giving ay to the high pressure Cerebral thrombosis may
also occur, but depends more upon iated cerebral ath 1

Hypertensive encephalopathy 15 characterised by attacks of severe head-
ache, vomiting, coma or convulsions, lasting for hours, with or without
transient localmng signs. Its mechamsm 15 obseure; but the customry
treatment by dehydration 13 based on the belhef that 1t s due to cerebral
@dems, and tins has hmuted pathot gical support (Schemker, 1948) The
diagnosss should never be made unti! cerebral or subarachnoid hemorrhage
has been excluded S careful subseq; ion of the cen-
tral nervous system reveals some abnormality indicating a local vascular
leston,

Detersoration of fngher cerebrat  funetion has already been mentioned, whean
severe it is usually due to associated atherosclerosis and ischmmia, Gccasion-
ally, however, multiple pia-pomt hamorrhages, scattered widely through-
out the frontal lobes, are found at autopsy, and provide adequate explana-
ton for dementsa

Hemarrhages elsesehere ave not and include epstaxis, hemo-
ptysss, and hematemesis. Whalst some local precisposing factor WOU?d
seemn probable, nothing sigmificant is usuaily found Chnical duagnos:s in
such cases may be obscure at first, for hypertension may not be recognised
owmng to the fall of blood pressure which accompanies the hemorchage.
Mareover, when hzmodilution is slow, so that the hzmoglobin or hems-
tocrst devel 15 but lide reduced, the apparently normal blood pressure may
tead 10 gross error of Judgrent concerming the size of the hemorrhage
Routine examination of the ocular funds tends to prevent such mustakes

COURSE AND PROGNOSIS
{of persistent hypertension)

Perhaps the best follow-up studies in the Iiterature are those by Janeway
{1913}, Blackford, Bowers and Baker (1g30), and Bechgaard (1946) Jane-
way found that one-half of 458 patients were dead within five years, and
three-quarters withun ten years of the onset of symptoms. Blackford,
Bowers and Baker reported a 5o per cent mortality {70 per cent of the mem;
39 per cent of the women) amongst 222 cases within five to cleven years.
Of Bechgaard's 1,000 patients, 41 per cent of the men and 22 4 per cent of
the women were dead within five to ten years. The better outlook i women
was emphasised i all three articles Bechgaard found the mortality rate Dl[
hypertensive men was z 9 tunes, and women 1.4 times, that of the geners
population, and was similar 1 sl age groups {excluding renal cases). ‘

Apart from sex the chief factors affecting prognosis wnclude the type :
hypertension, the degree of retmopathy, the hetght of the blood pressure,
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and the state of the heart. The natural outlook in malignant hypertenston
is uniformly bad, few cases surviving more than one or two years Chronic
nephritic hypertension also has a grave prognosis, the mortality rate being
about mine times that of essential hypertension This 1s partly because renal
hypertension is often a late mansfestation of chronic kidney disease—hence
the frequency of a normal-sized heart 1n this group.

Wagener and Keith (1939) correlated life expectancy with changes in the
ocular fund; they followed the course of 209 pauents for five to nine years
The survival rate according to whether retinal changes were mild, moderate,
severe or gross was 80 per cent, 35 per cent, g per cent, and rul, respectively
When retimopathy was gross and included papilledema, 8o per cent died
withmn one year.

The height of the blood pressure matters httle so long as 1t remams
within the shght or moderate grade, i ¢ under 130 mm Hg diastolc, but
above this level it 15 always serious.

Cardiac behaviour 1n hypertension is deterruned by the amount of extra
work involved, and by the ability of the heart to cope with 1t, 1t is chuefly
influenced 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 1s neither 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 cardiac symptoms. The worst defence, leading to raptd failure, and
perhaps to early death, occurs 1n an excitable individual of active physteal
habits and strenuous occupation, who trres to cope with a rapidly develop-
ing and extreme hypertension with an unprepared left ventricle indifferently
nourished by a mean coronary system

Evidence of any cardiac abnormality, e g dimuinished cardiac reserve,
angina pectorss, enlargement, or electrocardiographic changes, at once
doubles or trebles the mortality rate (Bechgaard, 1946) Inversion of the
T wave in left ventricular surface leads or their equivalent 1s particularly
grave, at least 6o per cent of such cases being dead 1n an average of eight
months from the time of 1ts discovery (Rykert and Hepburn, 1935) Aur-
cular fibnillation means death within two years in 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 attacks usually occur, each

ding less satisf: 1ly to than its pred The patient
ﬁnally smks mto 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 cases; stroke in 7.2 per cent (Paullin
et al., 1927) to 16 per cent (Bechgaard, 1946); urzemia in 10 per cent {Bech-
gaard, 1946).

The average life expectancy 1 uncomplicated benign hypertension of
shight or moderate grade 15 about fifteen years (Fahr, 1928), Obese subjects
do as well or better than those with normal weight, probably 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 1n none of those seen by Blackford, Bowers and Baker. After
five to ten years 58 per cent of Bechgaard’s cases were free from symptoms
or only slightly inconvenienced.

Only about o 2 per cent of cases of simple high blood pressure develop
malignant hypertenston, but 8 per cent of cases of chronic pyelonephrntis
do so.

TREATMENT

It must be sad 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
curative, but otherwise 1t can be luttle influenced The hypertension of
Cushing’s syndrome responds to removal of the offending tumour, and
that due to coarctation of the aorta to surgical repair. When hypertension
1s associated with unilateral renal disease, a causal relationship cannot
always be assumed, before advising nephrectomy it 15 well to make sure

R 4
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a3 to have made 1t sschemic and so to have established a vicious eircle
(Wilson and Byron, 1941)

For essential hypertension there are four main lines of treatment: (1)
conservative, (2) the low sodum or sice diet, (3) thiocyanates, (4) lumbo-
dorsal sympathectomy.

Conservative. When the grade of hypertension is mild or moderate, and
when the prognosis 1s judged to be good on cntena previously outlned,
radical medical or surgical treatment is hardly jusufied; 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 X

If circumstances permit, 1t is a good plan to begin treatment by putting

the patient to bed, and to keep hum there until the blood pressure ‘hns
ST e w o THel and sha natient

pre‘ssure to bed rest gives useful diagnostic and prognastic ntormatioth,
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innocent labile types falling quickly to normal, nephnitic and malignant
hypertension responding least

Patients should then be adsised to live at a lower tempo. they should
learn to refuse extra commitments and gradually to relinquish the least
important or most irksome of those they already have; they should keep all
Saturday and Sunday free for relaxation, should hase at least mne hours
test 1n bed every night, and should nsist on proper holidays each year,
preferably six weeks. Long working hours, heavy mental or physical stress,
and the general rush, hurry and struggle of modern life must be avorded
or reduced, Occupation may require modification, but 1t1s ravely practicable
to change it radically, for the patients are generally too old. Sudden effort,
especially in the cold or after a heavy meal, should be avoided, straming at
stool should be prevented by regular habits, and 1f necessary by the use of
liquid paraffin,

Mental rel may be impossible without sed hiatric
help Phenobarbitone, 1 to 1 grain (32 to 64 mg Jtds may be prcscnbcd
at times of unas ordable anxiety, al de, 510 10

grains (0.32 16 0 65 G.) t.d 5. Psychutric help s mvaluable, not necessanly
from a psychiatrist, but by any exp ph with the req
knowledge Many of the symp ascnibed to hypertcns\un are more often
due to anxiety; moreover, hypertensives usually have hyper-reactions to
anxiety 1n the sense that their blood pressures nse unduly {(Hines, 1940)
Details of psychiatric treatment are given on page 543

Symptoms attributed to hypertension at the menopause may respond to
stilbastrol, 1 to 3 mg. daily, although the blood pressure does not fall, an
associated anxiety state 13 also common at this ume

Obese patients tend to do well on a weight-reducing diet This 38 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 limuted to fresh fruit, frunt jusce and water only, may be most helpful,
or such a régime may be instituted at less frequent intervals when the
patient feels the need of 1t.

‘The use of harmless blood pressure reductng drugs other than sedatives
15 no part of conservative treatment, for none substantiates the claims made
for 1t (Evans and Loughnan, 1939) Thiocyanate will be considered later

Venesection has been advocated 1n the past and 1s still practised from
tume to time It 13 only justified 1n phlethone cases associated with poly-
cytheema. In essential hypertension 1ts effect 1s fleeting, the blood pressure
often regaining its previous level within twenty-four hours. In mahgnant
hypertension and 1n chromc nephritis venesection 1s contra-indicated, for
some degree of anzmia 1s usually present in both conditions

Low sodum dret. A low sodum diet canssting of soya beans, peanut
flour, cooked potatoes, rice, starch and gelatine lowered the blood pressure
in experimental hypertension in rats (Grollman and Harnison, 1945) Sub-
sequent chnical studies have shown that a sumutar diet may reduce the
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blood p b Hy in ial human hypertension (Grollman,
1945} A low sodium diet 13 described 1n detail on page 185, The rice diet
{Kempner, 1946} conswuts of rice cooked 1 unsalted water, fruit in any
form, and sugar; fruit jutce and flunds are given freely. This contains fess
than 0.3 G. of sodium per day.

The blood pressure 1s s2id to fail significantly (average 43/25) in about
6o per cent of cases, and there 15 usually a foss 1n weight of ahout 71 1b
{3 kg). As soon as such benefit is demonstrated, the diet may be modified
by adding meat, vegetables, aud ather foods histed on page 186, It is not
practicable to mamtain the nitial ngid diet for long, nor 1o maintam the
daily sodrum intake below £ G for mare than a few weeks.

Treatment of this kmd, or by semi-starvation, 15 useful to theck hyper-
tensive crases or to lower the blood pressure quickly when it is found to be
dangerousty hogh. The vaiue of the motified diet 1n ining p
at lower levels s less well established.

Thiocyanates Thioeyonate was otiginally introduced as a hypotensive
agent by Treupel and Edinger (1900}, but ganed no immediate favour 1n
view of the dfficulty expertenced 15 avoiding serfous toxic symptoms. Con-
stderable interest has been taken in the drug, however, smce Barker {1936)
showed that the dose could be properly controlled if the thiscyanate bload
level was esumated weekly The normal serum thiocyanate ranges betneen
0 and 277 mg. per cent and 15 not altered 1n hypertension {Connell,
Wharten and Robinson, 1946). Levels above 15 mg. per centare dangerons,
and those between 12 and 15 mg per cent are usky Toxic sympioms
mclude 3 3 indigestion, nausea, ting, fumb pans,

p purpura, di itss, goutre, th baphlebius, mental Tethargy
and confusion In fatal cases dysarthna, verbat sphasia, convulsions, hallu-
cinations, delirium and mania have usually preceded death by three 10
suneteens dags (Del Solar et all, 1945). Progresyve anzmia and emaciation
have been attributed to chronic poisoning after five to ten years' coptipuous
therapy (Wald, Lindbesg and Backer, 1935}

‘The putassium salt 15 given by mouth in initial doses of 2 10 3 graws
(2.x3 10 0.2 G} three tunes daify aftec mcals, The serum thiscyanate IS
measured on the seventh day and then at weekly intervals, subsequent
desage bemng regulated as follows.

Thocyanate level Dotage recommended

Usnder 5 mg. per cent . . 2103 grains (o 53 to 0.2 G} eds
Sto7 oo . . 2.5 grams {o.1 G.) t.ds.

710 10 o e s . 1 gram {64 mg.) ¢ dus.

Over 10 .o . . Stop drug for one week

effect

The lowest blood level compatrble with a satisfactory hyp be
should be maintained for three to siy months. Further courses may
given as desired,
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The drug is said 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 patients
over 6o, nor in sixteen cases of malignant or chronic nephntic hyper-
tension,

Thiocyanates have been particularly rccommended for labile hyper-
tensives who plain of headache and g {Hines, 1946), but they
have also been used for severe or gross cases unswitable for lumbo-dorsal
sympathectomy, and as an adjunct to surgical treatment.

Clinical benefit associated with a significant fall of blood pressure has
been clatmed in about 60 per cent of cases (Watkinson and Evans, 1947)
This figure 1s not impressive when it is recollected that Bechgaard found
that 58 per cent of 1,000 persistent hypertensives did well without treat-
ment. Carefully controlled observations such as those by Rusken and
McKinley (1947) are more convincing, and throw considerable doubt on
the efficacy of thiocyanates. It i isw ell to remember that Pauli (1903}, who
is usually credited w 1th introducing th for the of hyper-
tension, actually used the drug in the hcpe that 1t would prove supertor to
bromide in allaying anxiety symptoms, and reported singular success
this respect The effect of sedatron on hypertension 1s well known, and +f
thiocyanate merely acts 1n this way, 1t should be abandoned 1n favour of
less toxic 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 ful 1s 1 those rela-
tively rare cases n which hypertension 1s due to , unilateral renal disease,
such as chronic pyelonephnius Of other surgical measures the best known
13 lumbo-dorsal h as elab d by Smithwick (1940) This
consists of bilateral resection of the whole sympathetic chain from DS to
Lz, including preganghonic ﬁbres, gzngha, and splanchmc nerves It has

proved superior to Adson’s sub with re-
section of the first and second Iumbar gangha (Allen and Adson, 1940), and
o Peet’s d with lower dossal ganglion-

ectomy (Peet Woods and Braden, 1940). ‘The object 1s to release as much
vasoconstrictor 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 increasmng tendency
to extend Smithwick’s operation, and a number of surgeons, ¢ g Grimson
(1947) and Boyd (1948), now favour either total or subtotal paravertebral
sympathectomy, sp and ceeliac
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 is no doubt that headache,
and other p may be all d, that the blood pressure
may be lowered, the electrocardiogram lmproved the heart size reduced,
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I3 e 1 about 6o per ceni
. . by different workers are
. . T~ hfaent
criteria

Early persistent hypertenston of mouerawe ,, -+ atsve

vascular changes have set i, should respond best, but the outioun 1 then
suffictently good to restrmn most phystetans from advising surgical treat-
ment, yet if left unul sertous complications have anisen, 3t may be too late
This 15 the crux of the prablem The best 3 may be to advise
tumbo-dossal or more extensive sympathectomy in relatively young hyper-
tensive subjects (under 50), whose pressures are known to be rising, ot
whose casual diastoltc pressures tend to exceed 130 mm. Hg after proper
medical measures have been mstituted,

1t 15 not casy to predict which cases will do well The sedation test 1s
perhaps as good as any; 1t Consists of giving sodium amytal, 3 grains (0 2 G ),
hourly, for three doses, while the blood pressure is recorded every hour.
The greater the drop, the more hkely ts the operation to he successful

Surgeal treatment should not be undertaken if the patent is over 50
years old, if renal funcuan is serousty impared,, if there ts congestive heart
fatlure, or if there has heen myocardial snfarction. Angina pectons 15 no
detertent, Ror 1s & previous stroke; early left venimicular fastuse that responds
well to medicat trearment is hkewsse no contramdication  Qbese subjects
are techmeally more difficult and are prabably better avoided, not only on
that account, but afse becsuse they may do fairly well sf treated medically.
Women are often prefersed to men because they usually do better, but at
should be r bered that the p s 1s fwice 25 good m women if
untreated.
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CHAPTER XVI

PULMONARY EMBOLISM

heart disease, sudden death from reflex ventricular fibrillation or

cardiac standstill, pulmonary infarction, or no ill-effects Emboh may
be single or muluple, infected or stenle. They are usually attributable to
mobile venous thrombi originating 1n the legs, but are occasionally due to
fat, air, foreign body, or to fragments of some remote malignant tumour.

PULMONARY embolism may cause acute or subacute pulmonary

THROMBO-EMBOLISM
General ncid. Massive pul bolism is directly or chefly
responsible for abaut 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 6.5
Collins (1936) 10,940 2.07
Pilcher (1939) 2,861 4.5
Hampton and Castieman 3,500 3.5
(1940)
McCartney (1945) 25,771 262
Crutcher (1948) 2,580 2,14

‘The actual meidence of clinical thrombo-embolism among all hospital
patients 1s difficult to assess, but appears to be about 1 per cent 1n post-
operative cases (Nygaard ef al., 1940-41), and 13 believed to be equally
frequent in medical, obstetrical and gyncological wards (Belt, 1939)

ETIOLOGY

Thrombo-embolism results from the breaking away of a blood clot,
formed cither in the nght side of the heart or in the systemic venous
system. )

Intracardiac thrombosis. Clots may form in the heart in cases of miteal
stenosis, aunicular fibrillation, congestne failure, myocardial in(a:cno{l:
bacterial endocarditis, and Fiedler's carditis. Damaged endocardium, slow-
ing of the blood flow, and backwater eddies in dilated chambers are impor-
tant contributory factors In mitral stenos:s, clots are more likel

444
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m the left than in the nght auricle unless there 1s congestive heart failure.
Myocardial infarction practically always affects the left ventricle, and as
mural thrombi are limited to the area of devitalised tissue, emboli from the
heart are usually sy ; exceptions are d with septal infarction
Bactenial endocardtis 1s only a source of pulmonary embolt when 1t affects
the pulmonary or tricuspid valve, a ventricular septal defect, or a patent
ductus arteriosus; infarcts so produced are apt to be small and frequent,
the clinical course resembling subacute or chronic hzzmorrhagic broncho-
pneumonia Fiedler’s carditis is mentioned because 1t 1s sometimes com-
plicated by mural thrombi, which may break away and cause repeated
hzmoptysis.

Venous th is. Intracardiac thromt however, for only
about 10 per cent of pulmonary emboli (Belt, 1939), the remamnder, includ-
ing the majority of those associated with mtral stenosts, auricular fibnlla-
tion, myocardial infarction and congestive heart farlure being due to venous
thromboss, particularly in the legs Such emboh are common. Belt (1939)
found them in 6 per cent of 1,990 consecuttve necropstes, and as often in
medical as in surgical cases They were directly responsible for death in 22
instances (1 1 per cent) and a contnibutory factor in approximately 70 (3 5
per cent).

The chuef causes of venous thrombosts may be histed under three main
headings:

1 Local venous injury.
fl y-—as 11 P
(b} Chemical—from the mnjection of irntant solutions,
(¢) Traumatic—as 1 fractures,
(d) Infiltratrve—as 1n cancer
2. Slowing of the venous blood flow
(a) By local obstruction—as by tight bandaging, smmobilisatton
1 2n unfavourable posture, or space-filling lesions (including
obesity)
(5) As a whole—as mn heart failure
3. Increased clotting tendency of the blood
(a) Post-operative, post-traumatic and puerperal states.
(b} Polycythzmia and hemoconcentration
(c) Associated with tissue breakdown, e¢g carcinoma of the
stomach, myocardial nfarction
(d) Certamn fevers, ¢ g typhod

tromhonhleh

The mechanism of intravascular clotting 1s 2 comphcated process and
1s not yet fully undetstood Its discussion 1s beyond the scope of this work,
and the reader 1s referred to the excellent meonograph by Nygaard (1941)

‘Thrombophlebitts is often said to be less dangerous than simple phiebo-
thrombosis; but this 1s doubtful, for the former 1s less frequent but more
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easily diagnosed, whilst the latter 1s common but apt to be overlooked, so
that the percentage tncidence of embolism 1s hikely to appear higher in
phiebothromt Fatal put y embolism follows the injection treat-
ment of vanicose veins in 0,03 per cent of cases {Westerborn, 1937), and the
operative treatment m 0 4 per cent (Westerborn, 1937; McPheeters and
Rice, 1928).

Fractures, pastrcularly of the legs or pelnis, may cause thrombo-

ernbolism on account of injury to veins, bilisation, and post-t:
acceleration of the clotting time, they may 2150 give nise to fat embohism
Mat t 1 of the h, may be respon-

sible for thrombo-embolism as a result of venous infiltration, mechanical
ventous abstruction, and shortening of the clotting time (owing to tissue
necrosis) They may also give nse to mahgnant ceflular embol.

The most cause of phicbothrombosis is immobali m bed,
especially In abese subjects over 40 years of age Of 229 cases of fatal post-
operative pulmonary embohsm, Prettin (1936) found the average weight in
women was 11 kg. above normal, and in men 4.2 kg In a series at the Mayo
clinic, g3 per cent of fatal post-operative pulmonary emboli accurred 1
patients over 40 years of age (Barnes, 1937).

Congestive heart faifure encourages phlebothrombasis because the cir-
culation s slowed When the cardiac output remams elevated or 1s less
reduced than usual, as in fadure from the byperkinetic circulatory states,
thrombosts is rare, Congestive failure dug to mitral stenosis or to myocardal
infarction 1s patticularly dangerous. Eppinger and Kennedy (1938) found
that pulmonary embolism was the direct cause of death in 6.5 per cent of
200 fatal cases of coronary thrombosis, and a contributory cause in 327
per cent of those with congestive failure The clotting time appears 10
shorten after myocardial infarction, perhaps owing to the products of tissue
necrosis, The clotung tume also appears to be shoriened by digitalis (Massie
et al , 1944) and by the organic mercural dwretics (Macht, 1946)

Almost any major surgical procedure may resuit in thrombo-embalism,
but abdormnal and pelvic operations carry the highest embolic risk Re-
sponsible factors include post-operative reduction of the clotting tme
(maximum at the tenth day), and immobstisation  Child-birth meurs 2
simalar nisk for similar reasons McCartney (1045) found that putmonary
embolism was directly responsible for 5,28 per cent of obstetrical fatalities,
and for 5.1 per cent of post-operative deaths.

HAEMODYNAMICS AND PATHOLOGY

Acute pulmonary heart disease. Expenments i which the pulm?mf)'
arteries have been occluded 1n varying degree by hgature, or by artifictal
emboli, have shown that it 1s necessary to obstruct about 60 to 85 per cent
of their total cross-section before the systermic blood pressure fatls o before
signs of right ventricular fature can be detected, and between 85 and “’I‘:
per cent before death ensues (Gibbon, Hopkinson and Churchill, 3932}
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15 thus possible to undertake unilateral pneumonectomy without embarrass-
ing the circulation (Barnes, 1941). In accord with these facts the majonity
of pulmonary embol cause no cardiac disturbance; but when a large
embolus lodges at the bifurcation of the main pulmonary artery, or when
multiple emboli block more than two-thirds of the more distal trunks, the
arculation 15 impeded and the left ventricular output falls This 1s the
condition known as massive pulmonary embolisms; 1ts effect upon the heart
Is acute pulmonary heart disease. Compensatory adjustments include vaso-
constriction which combats the falling blood pressure, elevation of the nght
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 is gradually packed to
the side of the vessels, where it becomes organssed, and finally shrinks to
a mere thread, Infarction of the lung does not necessanly occur, because
sufficient blood may pass through to nourish the tissues

Subacute cases may occur m which repeated small emboli gradually
block the pulmonary circulation over a period of weeks or months (Belt,
1939).

Pulmonary infarction. When an embolus lodges distally 1 a relatively
small arterial trunk, there is no rise of pressure 1 the pulmonary artery,
blood is not squeezed past the obstruction, and the block 1s complete,
wnfarction of that part of the lung supplied by the occluded vessel follows
(untess the collateral circulation 1s sufficient to nourish the 1schzemic area)
Of course, such an event 15 likely to complicate masstve pulmonary embol-
ism, and does so m 62 per cent of cases (Belt, 1934), but 1t 1s a complication,
and not an essential part of the picture, Admuttedly, experimental pul-
monary embolism does not cause tnfarction m animals unless the cireulation
13 otherwise umpaired (Karsner and Ash, 1912), but no such condition
appears to be necessary in clical medicine. Infarcts of the lung are
hamorrhagic because blood from the bronchial artenes exudes into the
devitahised area If this second source of nutntion 1s adequate for the needs
of the tissue, nfarction does not occur When the hazmorrhagic zone
reaches the surface of the lung, a sero-fibrinous pleural reaction develops
pain may be severe as in any other pleurisy, effusion 1s common and 15
usually blood-staied

Pulmonary infarets are nearly always embolic m origin (Virchow, 1856),
very few are due to primary pulmonary thrombosts, and they rarely com-
plicate 1diopathic pulmonary hypertension or Fallot's tetralogy, two
diseases 1n which primary thrombosis ts relatively common

CLINICAL FEATURES

Massive pulmonary embolism In a typical dramatic attack the patient feels
as 1f he had been struck in the centre of the chest, and raptdly becomes
faint, grey, cold, clammy and breathless Central sternal pain may be indis-
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tinguishable from that of acute myocardial infarction Consciousness may
be lost, Peripheral cyanosis is evident in the ears, lips and nail-beds, but
elsew here pallor is usually more noticeable. Sweating s ly profuse

The pulse is thready and rapid, or may be imperceptible, the blood pressure
is low or immeasurable (fig. 16 o1). The jugular venous pressure 1s mvari-
ably raised (fig 16 02) and the liver may be palpable; cardiac eedema 1s not
seen in acute cases, but may occur later in the subacute form Examination

of the lungs may reveal nothing abnormal The heart sounds are usually
aoft althos ol als —aie 2 it o PR

1 . o
bolus have been described by McGinn and Whate (1933), and by Churchill
(1934), respectively, The Graham Steele murmur of functional pulmonary
incompetence has been heard (White and Brenner, 1933) Occastonally a
pericardial friction rub develops over the base of the distended pulmonary
Jartery (White, 1937).

Rarely, patients die abruptly at the onset, presumably from reflex cardiac
mhibition or ventncular fibnllation, such deaths being preventable by
atropine in animals and being independent of the size of the embolus
(Scherf and Schonbrunner, 1937) The great majonity, howeser, survive
the initial insult; but about one-third die subsequently from circulatory
obstruction, approximately 10 per cent within 1o mnutes, 30 per cent
within an hour, and 60 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
7isk of another, and perhaps fatal, embelus.

Massive pulmonary embolism, however, 1s not always dramatic, and
mild cases are easily overlooked Passing tightness of the chest, fleeting

plained breathl , transient f: or a symptomless rise of
Systemic venous pressure may be the sole mamfestation of an event that
brought death very close

$ubacu(c cases may pass gradually into congestive heart fallure without
2 single incident suggesting embolism the clinical features of these rare
cases resemble those of primary hypertensive 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
or asystole, and may occur as a tragic climax to many forms of heart drsease,
incleding aoruc stenosis and myocardialinfarction The colonic disturbance
may be a 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 smnus tachycardia, a con-
stant S wave in lead 1, 2 frequent Q wave 1n lead 3, inversion of Ty,
flattening or shight inversion of T3, 2nd rather low voltage (Barnes, 1937)

HH
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Occasionatly P, becomes tall and sharp (Wood, 1948) These appearances
are niot unhike those of posterior myocardial anfarction, although an absent
S;, conspicuous Q ,, and elevation of the R-T segment in fead 3 should be
sufficient to distngwish the latter in standard leads Again, Q, in cases of
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g 16 a3~ showing the ch pp assocated With
massie pulmonary embohsm (lead 1V-R=CRy4, LP-R =CR2-3, RP-R=CR1).

massive pulmonary embalism is caused by cardiac rotation, and ts rot seen

in lead VF In multiple chest leads app are equally ch stic
(Wood, 1941). the T wave 18 nearly always inverted in leads V1~3 over the
right ventricle, i n Vi and iy even in Vs {fig. 1603k

and clockwise rotation or displacement of the interventricular septum to
the left brings the RS pattern round as far as V5 or even V6. There are 00
pathological Q waves and the RS-T segment 13 not deviated from the base-
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ine; but tn about 15 per cent of cases there 1s transtent nght bundle branch
slock (fig. 16 04) These changes are not immediate, but develop within a
few hours, and are usually maximum within one to three days Recovery
s relatively slow, three to six weeks elapsing before the T' wave 1s finally
1pright again m leads Vi or V2.

29 5-45 315 45 286 June 45 20 6 45 12 4 47
R e ppe——t—

29 5 45 315 45 286 June 45 20 6 45 12 4 47

Fig 16 04~Electrocardiogram showng transient night bundle branch block 1n a case of
masstve pulmonary embolism

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 ventricie owing to the combmed effect of a
low aortic and high night ventricular pressure (Durant, Long and Oppen-
hewmer, 1947), and to night ventricular stress (Wood, 1941) There 1s no
proof of coronary spasm, and, although usually ascribed to a vagal reflex,
the electro phic pattern 1s Itered by vagal section 1 dogs
(Malinow, Katz and Kondo, 1946) In experimental air embolism i dogs,
Durant, Lenramd Nemeet o o Tore v 0 ot
of right ve
frequency

- . i



Fig 16 05—Shiagram showing a small pulmonary infarct at the right base with 2 1
@morthagic effusion
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On the other hand, remarkably similar changes are found tn any condition
giving rise to right ventricular stress

Pulmonary infarction. When an embolus lodges in a small or moderate
sized pulmonary artery there are no immediate symptoms or signs. Within
a variable time, however, impossible to determine clinically, a sudden
pleural pain may signal the accident. Hemoptysis may precede or follow
the pain, may not occur at all, or may occur without pam, Comncrdent with
these events, and especially if there is pleurisy, the respiratory rate nses
and fever develops Examination of the chest reveals little at first, except
perhaps pleural friction, but within a day or two the percussion note may
become impaired, the breath sounds diminished, and riles may be heard,
sometimes there are frank signs of consolidation or of fluid. When the
diagnosis is in doubt, a specimen of this fluid should be obtained, for 1t 1s
hemorrhagic in most cases of infarction A skiagram 1s also helpful, the
cone-shaped infarct casting a triangular, egg-: shaped or rounded shadow,
according to its lateral, obhque or antero-postenor le (ﬁg 16 03) Unfor-

“tunately, the ch istic is often ok d by the obl
shadow of fluid. \Vhen embalism oceurs without infarction, skiagrams may
show 2 1 area of i 1 owing to the absence of

vascular shadows 1n the ischzmic area (Shapro and Rigler, 1948).

Pain, heemoptysis, fever and tachypncea may last 4 week or two, but the
patient does not look or feel seriously 11l unless the pnimary disease makes
him so. Moderate leucocytosts and a rapid erythrocyte sedimentation rate
are the rule, the former lasting a few days, the latter several weeks, as with
cardiac infarction.

Whilst the above description applies to most cases, 1t should be added
that mfarcts may be clinically silent, and are often only discovered at
necropsy. In other cases, secondary infection complicates the picture, or
the embolus may be infected 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, this 1s commonly
phlebothrombosis in the legs. It usually begins in the calf, where there may
be deep muscle tenderness, or pamn on dorsiflexing the foot (Homans’ sign)
Superficial thrombosts in the long saphenous vein may be felt as a solid
cord, and 1s usually tender. With thrombo-phlebitis the overlying skin 13
hot, red, indurated and pamful. Extension to the femoral vein causes a

P nise of skin perature 1n the affected hmb, a most useful
sign of serious phlebothrombosis; cedema also occurs tn many cases, but ts
less constant

PROGNOSIS

It 15 not easy to assess the true Irty rate in tt b bol. for
many mild cases are overlooked, but in 2 senies of twenty climcally recog-
mnised cases of massive pulmonary embolism seen by the author, six died.
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In necropsy material, about two-thirds of all pulmonary emboli are major,
mvolving more than 50 per cent of the cross-section of the pulmonary
artenes (Belt, 1939), but 1t is naturally the more severe ones that are seen
at necropsy. From evidence of this kind it js estimated that nearly two-
thirds of all cases of massive pulmonary embolism recover, and that Jess
than a third of clinical thrombo-emboli are masuive, this gives a total
mortality rate of about 10 per cent.

TREATMENT

Prophylaxis is 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 position, active move-
ments of the legs for speaified umes every day, prevention of dehydration,
and hrmtation of morphine, are simple, logical, and effective measures
Heart faiture should be treated quickly and adequately, Rest i bed should
never be prolonged unnecessanty

Hepann 1s the quickest and safest lant; but it is too exp
for routine prophylactic use. Tt should certainly be employed, however, as
soon as the thromb bolic state is recognised, for 23 per cent are multiple

{Nygaard et al , 1940-41) and not more than a quarter of cases of massive
pulmonary embohism are fatal at the first msult (de Takats and Fowler,
1945) Heparin may be given intravenously in doses of 50 mg. (5,000
uruts} four- to six-hourly, by i i drip in doses of 150
to 300 mg. daify (50 to 100 mg. to a pint of normal saline), or intramusen-
larly combined with 2 ml. of 2 per cent procaine) 1n doses of 150 mg, twice
daily. The last route 1s simple and effective. Procaine prevents pam and
brussing is rarely serious "The dose of heparin should be regulated sa that
the clotting ume 1s maintamed at about two to three times the normal
P tm o e man . ZREItY LY eose

ent)

Dicoumarol, the cause of hemorrhagic sweet-clover disease of cattle
(Link, 1943) is 2 cheaper and equally effective anticoagulant, but its
action is delayed for forty-eight to seventy-two hours, and st is more
difficult to control, Tt1s given by mouth in a single dose each day, beginning
with 300 mg on the first day, 200 mg on the second, and 100 mg. th;“'
after, until the prothrombin acuvity of the blood approaches the desired
fevel of 30 to 50 per cent of normal (de Takats and Fowler, 1945) The
dose is then reduced to 50 to 100 mg , and is given daily ar at less frequent
wntervals according to the prothrombin time. "The latter must be measured
datly durimg the first ten days of treatment, then on alternate days, for the
effects of the drug cannot be accusately predicted, and fatal hemorrhage
tmay occur following an overdose, Di { should be ily dis-
continued if there 15 h {2, melzna, or bleeding from ather site$
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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
intravenously (Barher ef al., 1945)

In view of the delayed effect of dicoumarol, hepann 1s usually given as
well during the first forty-eight to seventy-two hours It is customary to
continue dicoumarol for a month. With this treatment the post-operative
mortality rate from massive pulmonary embolism in cases specially selected
as thrombo-embolic rishs has been reduced from perhaps § per centto o 1
10 1.0 per cent (Barker et al, 1045; Wright, 1946).

Tromexan, bis-3, 3'—(4—oxycoumarinyl) ethyl acetate, 15 Iikely to
replace dicoumarol, for it acts more quickly and 1s easier to control. the
witial dose is 0.9 to 1 2 G., and the maintainance dose 03 t0 06 G daly
(Burt, Wright and Kubih, 1949).

Bilateral ligation of the femoral or common thac vemns or igation of the
inferior vena cava has been recerved with less enthuslasm, but n may be
a life-saving procedure where ant 1 are contrai

Treatment of acute pulmonary cardiopathy Relatively mild cases recover
spontaneously and require no special treatment The majority of those clini-
cally recognised, however, are seriously 1ll, and require urgent attention

‘The objectives are to ge the embolus to move on, or to be packed
agatnst the wall of the vessel, and to support the night ventricle Eupavarine,
1 mg. mtr 1y, has been r ded, but 1t 15 doubtful whether it

really dilates the main pulmonary artery or 1ts larger branches To encour-
age packing, the art 1s to play for time, if 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 in order to encourage the
cerebral circulation, oxygen, with the flow-meter adjusted to six or seven
Titres per minute, should be adminustered continuously through a BL B
mask, or 1f possible the patient should be nursed 1n an oxygen tent, for the
arterial oxygen is often dimi; y failure may tem-
poranily respond to 0 48 G. of aminophylline, or to 10 ml of coramine,
intravenously. 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) Strophanthn, o 5 to 1 0 mg 1ntravenously, helps to support
the right ventricle.

The Trendelenburg operat p of the pul y artery and
removal of the clot——ls only posstble if a well traimed and thoroughly pre-
pared surgical team 1s available, and 1s only practised when the situation 15
desperate the operative mortality 15 over go per cent (Nygaard, 1938), and
spontancous Fecovery 1s the rule rather than the exception The first

y 1 y 1n Great Britain was reported by Ivor

Lewis in 1939
Treatment of pulmonary infarction No specific treatment 1s required for
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pulmonary infarction itself; but dary infe or septic embol

calls for sulphonamides or penicillin; morphine may be necessary if there
is severe pleural pain; and hzmorrhagic pleural effusion may need aspirat-
ing 1f extensive, Infarction does not contraindicate anticoagulants.

PARADOXICAL EMBOLISM

Valvular patency of the foramen ovale 15 present 1n 2bout a third of alt
individuals, but the opening remans closed because the pressure in the left
auricle is higher than that in the nght. When the right ventricle fails, how-
ever, the auricular pressures may be reversed, the valve then opens and
blood 15 shunted from right to left. This event is improbable n heart
fatlure secondary to mitral stenosts, for the left auricular pressure remains
too high. Ideal conditions are presented by acute pulmonary heart failure
due to massive pulmonary embolsm, for not only 1s the nght aurtcular
pressure then raised, but the left 1s lowered as in pulmonary stenosss, and
embolu are already forthcoming Having passed through the foramen ovale,
the embolus is carried into the systemic circulation, and may lodge in any
cerebral, visceral, or peripheral artery.

AIR EMBOLISM

Small quantities of air may be injected into the systemic venous system
of healthy subjects with little risk; indeed about 15 ml. per kg body weight
are required to kill a dog, even when injected rapidly (Wolffe and Robert-
son, 1935) Fataltties have occurred, however, when air has been accrdent-
ally introduced into a vein duning an operation, mtravenous infuston,
therapeutic or diagnostic procedure The climcal features are those of
massive pulmonary embolism, but m addition a loud churning sound or
milly heel murmur may be heard over the right ventricle and pulmonary
artery. Death appears to result from circulatory obstruction due to air-lock
in the outflow tract of the night ventricle Treatment consists 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 life-saving n dogs, but has not yet been
tried 1n man

FAT EMBOLISM

Globules of fat may penetrate the sy venous 1 following
fractures, usually of the femur, and accidents have occastonally occurred
dunng therap or d d mvolving the use of oil. Fat

embolism has several characteristics which help to distinguish 1t from other
forms Frst, 1t happens within a few hours of the accident, perhaps while
manipulating the njured lmb under anwmsthesis, or when moving the
patient to the X-ray department. Second, signs of multiple systemic em-
bolism usually complicate the picture owing to the passage of fat globules
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through the pulmonary capillaries. Thus, there may be severe headache,
dr or loss of ¢ usually without localising signs; mul-
tiple petechial spots may appear 1 the skin; red cells, albumin, and droplets
of o1l may be found i the unine. Third, breathlessness and cyanosis are

d with the develop of fine crepitations over all areas of the
lungs, and skiag; show an abund:; of cott vool shadows in all
zones. The mortality rate is simular to that of other forms of massive
pulmonary embolism, but those who survive recover remarkably quickly -
often within forty-eight hours

EMBOLISM DUE TO FOREIGN BODY

Metallic fragments from gun-shot wounds, and even bullets, may enter
the circulation 1n rare mstances Such an event should be considered if a
sluagram shows an intra-thoracic foreign body when there 1s no wound of
the chest or adjacent structures An intravascular metallic foreign body
may remain mobile for several days, and may move against the bloodstream
if so directed by the force of gravity Surgical attempts to remove the
mussile may be foiled by such behaviour. An excellent example was de-
scribed by Bauer (1943).

MALIGNANT EMBOLI
Cancer cells may infiltrate the systemic venous system and be swept
wito the Jungs in the form of cellular emboli. Subacute pulmonary heart
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disease develops if more than two-thirds of the vessels are blocked, the
chnical features resembling those of massne pulmonary embolism but
with an insid onset and progressive course The diagnosis may be
suggested by the skiagram which may show minute miliary lesions (fig
16 07). Cases so far reported have been due either to carcinoma of the
stomach (Brill and Robertson, 1937) or breast (Mason, 1940), or to chorton-
epithelioma (fig. 16 o8).

Subacute cor pulmonale may also be due to multiple pulmonary throm-
boses secondary to perivascular lymphatic carcinomatous infiltration (Bl
and Robertson, 1937}
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CHAPTER XVII

PULMONARY HEART DISEASE

resulting from disease of the lungs or of the pulmonary circulation

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 chrenic form may be hypertensive or anoxic

PULX\IONARY heart disease may be defined as a disorder of the heart

HYPERTENSIVE PULMONARY HEART DISEASE

Pathogenesis, Pulmonary hypertension associated with sclerosis of the
pulmonary arteries is usually of unknown etm]ogy (pnmary pulmonary
vascular sclerosis or 1diopatt ° some-
times be due to penartentis etal,
1946}, recurrent pulmonary ,.6), and
less certainly to other known agents

In idiopathic cases the arterial lesions reported in the literature mclude
atherosclerosis, hypoplasia 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 lesions may be found without
hypertrophy of the nght ventricle

Varnious hypotheses have been offered to explain these findings (1) the
arterial lestons may be due to 1dmpzthlc pulmonary hypertensmn (East

[N RNt T SO A

the artenal lesions described may result from repeated pulmonary embolism
(Castleman and Bland, 1946) It 1s probable that hypertensive pulmonary
heart disease may be caused by several different agents, and that the nci-
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 réle thus there 1s
no muscle in 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

461
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the same s1ze (Brenner, 1935) The question therefore arses whethe
vessels are capable of sufficient vasoconstriction to embarrass th
ventsicle. To this may be said that st s unsound to argue about |
logical events in (crms of anammical structure. Thus capillaries ¢
strict against i v pul

fanes afthough they have no Rougc( cells (Wearn, 1934), and ther
valid reason for supposing that small pultmonary arteries and arteric
not passessed of considerable contractde power. It is knawn that tl

pplied with ictor fibres through the sympathetic (B
and Dean, 1894), there 1s evidence that they are supplied with vasc
fibres also {Daly and Euler, 1932), and they may respond by consi
and dilatation to adrenergic and chobnergic drugs respectively (1
1939) Direct evidence of pulmenary vasoconstriction in man ha
obtamed recently by Motley and Cournand (1947) who demonsty
cansiderable rise in pulmonary artenal pressure dunng penods of a1
ANOXII

Incrdence "Vhe disease may occur i eather sex and at any age, 102
childhood, but 15 rare; out of 100 cases of chromc pulmonary heart ¢
analysed by the author, only three could be classified as 1diopathie.

Physiology Pulmonary hypertension of any etiology tmposes a me
cal burden on the right ventricle and pulmonary artery, fust as sy
hypertension affects the left ventricle and aorta. the right ventricle |
trophies and the pulmonary artery difates

Sooner or later pure right ventricular fallure develops the cardiact
1s Jon and cyanosis 1s peripheral. The atterral oxygen saturation re
normal until near the end, but may then fall to about 8o per cent.

Chcal features. 1diopathic cases are rarely recogmscd until £
vanced, but evidence 1s Jating which the fikehh
much longer course than generally believed.

The findings are usually those of pure nght ventnicular fmlure
normal rhythm, although auricular flutter or fibriltation may develop
The jugular venous pressure is raised, and the “a” wave conspu
there may well be functional tricuspid i P the liver is enl
and tender, and there 1s usually dependent @dema; but the lungs ar
and there is no orthopneea, Cyanosis's often conspicuous, but is asse
with cold extremities, a low cardhac output, a normat or near normal a
oxygen saturation, and a high arterto-venous oxygen difference; it 15
fore pertpheral, not central. Polycythema and clubbing are usually @

The cardiac impulse is diffuse and right ventncular in quahity; thee
e systolic hitmg 1n the third left intercostal space aver the right ventr
outflow tract. There 18 no foss of cardiac duilness, rather the reverse
there are no other sngns of emph)sema Thcre ;;re usually no mw
unless § { ps; but the pulm
¢lement of 2 normall) spht semnd heart saund is Ioud and high pit
and presystolic gallop may be heard to the left of the sternum




PULMONARY IIEART DISEASE 463

The electrocardiogram shows a pulmonary P wave and strong right
\entricular preponderance {fig. 17 o1)

Fluoroscopy reseals a prominent pulmonary artery and right ventricle,
and though the proximal pulmonary vascular shadows may be heavy, the
more penpheml lung fields are clear (fig. 17.02). Hilar pulsation may be
seen, but is unimpressive. The right auricle is moderately dilated, the left

{

Fig 17 02—Skngram showng prominence of

the pulmonary arc and mght ventricular en-

largement 1n a case of 1diopathic pulmonary
ypertension

[ Fig 1701 (If)—Electrocardiogram showimg
£ promment P waves and nght ventricular
1n a case of p y

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 ch 1stic and path -
monic picture Pure pulmonary stenosis 1s excluded by the quality of the
second sound and by the absence of a basal thrill, atrial septal defect by
lack of pulmonary plethora, character of the second heart sound, incon-
hilar pul and anoxic pul y heart
disease by the Tack 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
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Diagnostic difficulty may arise, however, when pulmonary hypertension
causes reversed interatrial shunt through a patent foramen oval as dis-
cussed on page 245,

Prognosts The disease is always progressive and is usually fatal within
two years of its recognition,

Treatment. The results of treatment are poor, a low sodium diet, mer~
salyl, digttahs, venesection and thiouracil may prolong life, but the patient
usually remains bed-ridden and symptoms become increasingly difficult to
control; an oxygen tent does not help.

ANOXIC PULMONARY HEART DISEASE

Defimtion The anoxic type of pulmonary heart disease invariably results
from empt , and depends upon the combi: in varying degree of
pulmonary hypertension and hypoxia, sith the emphasis on the latter.

Pathogenesis. The essential underlying pathology is emphysema, how-
cver caused. The great majority of cases are due to chrome bronchitis or
bronchial asthma, ret: 1y few to b T is, silicosis, other forms of
preumocontosis(Grggs, Coggin and Evans, 1939}, pulmonary tubercalosis,
congemtal cystic tung, or kyphosceliosis(Chapman, Dilland Graybiel, 1939}

When the vital capacity becomes seriousty reduced, ventilation may be-
come madeguate, even at rest, the arteriat oxygen saturation falls (McMich-
ael and Sharpey-Schafer, 1944) and the carbon diovide content of the
artertat blood rises (Taqum, Fasciola, Suarez and Chiodi, 1947). Cyanosis
1s thus central m ongn and breathl may be chemical rather than
reflex The deficiency m gaseous exchange tends to be compensated by an
increase i cardiac output {McMichael and Sharpey-Schafer, 1944) rather
than by polycythama, but there is also an increase i utilisation of available
oxygen. At the same time the pulmonary arterial pressure rises (Bloom-
field et al, 1940), probably reflexly as a result of pulmonary hypow
(Motley, Cournand ef al , 1947). Secondary structural changes in the pul-
monary arteries, such as atheroma and intimal thickemng, develop sooner
or later n mast cases, and may increase the hypertension

Tncrdence Anoxic pulmonary heart disease 13 much more common than
statistical evidence at present mducates; this 15 partly due to the casual
attitude often adopted towards cases of chronic bronchitis and emphysema,
and partly to the fact that such cases are not usually sent ta cardiovascular
chinics; the diagnosis is not easily made without special i estigation, unless
there is heart falure, and bronchopneumoma may obscure the cardiac
factor termunally

“The condition probably accounts for § ta 1o per cent of all cases of
organic heart disease. It is at Jeast five times more common in men than in
women, and about 75 per cent of the patients are aver 50 years old (Spain
and Handler, 1946).

Clinical features, The patient is 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 years, with increasing breathlessness over the
last year or two, and_may have sought advice because of recent swelling
of the legs, Cross-examination yields little further information he may
have had attacks of tightness 1 the chest associated with breathlessncss,
but not paroxysmal cardiac dyspneea, he may have had substernal dis-
comfort, but not true angina; he may prefer to be propped up a hittle at
night, but usually raises no objection to lying flat

Physical signs Emphysema is usually obvious: the chest 1s distended and
moves httle with respiration; cardtac dullness is absent and the percusston
note 1s generally tympanitic; the breath sounds are fant Central cyanosis
may be gross, as in the case discussed by Ayerza, or scarcely detectable
It may be recognised 1n warm situations, as 1n the conjunctrve and inner
sides of the lips, where 1t is unlikely to be confused with peripheral cyano-
sis Polycytheemia and clubbing are rare. The hands are warm, capillary
pulsation, digital throbbing, a modified water-hammer pulse and increased
pulse pressure may often be demonstrated. Elevation of the jugular venous
pressure and tachycardia may confirm the ympression that the cardiac out-
put is rassed. Papilloedema sometimes occurs (frontispiece)

The heart itself is apt to be camouflaged by over-expanded lung the
apex-beat is 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 in the fourth
tntercostal space,

‘When there 1s true congestive failure the liver 15 distended and tender,
and dependent cedema 1s the rule,

In severe cases vasomotor collapse 1s apt to occur when some super-
wmposed broncho-pulmonary infection lowers the arterial oxygen saturation
relatively suddenly. the blood pressure drops, the pulse becomes small and
thready, the cardiac output low and the skin cold and clammy, the outlook
1s then very grave.

The electrocardiogram Emphysema alone does not matersally affect the
electrocardiogram, although 1t may cause clockwise rotatton about the
antero-posterior and longitudinal axes (viewed from the front and below)
Thus there may be right axis 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 17.03) When the heart 15 exceptionally vertical,
VR and VL may be ndistinguishable, or bachward tilting of the apex may
cause VL to resemble an @sophageal lead from the back of the heart

In 100 cases of chronic pulmonary heart disease analysed by the author

{Wood, 1947), the following electrocard phic app were found
1n standard leads (fig 17.04a to €).
Pulmonary P wave (fig 1704) . . . 83

Right aus deviation—
el T oA e PN




Fig 1703--Eleatr 1 a case of howing a1\ ertical electrical past-
tion and clackwise rotation (Viewed from below?

a L < 4 .
20% 30% 9% Y, 26%

Fug o7 04—Standard lead Findings m 100 cases of anouc pulmanat

heart disease
{8) Right axee deviation wath imersion of T3 (and often T2)
(b) Right axis dessation with upnght T wates
(¢} Dormnant S wate m all standard leads
{d) Tendency to nght sx1s deviation
(¢) Normat QRS axis.
The putmonary P wave 18 seen in all
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Promtnent S wave in all leads (fig. 17.04¢) .9
Tendency to right axis deviatton (fig. 17.04d) . 11
Normal awis of QRS (fig. 17.04¢) . 26
Right bundle branch block . . . 3
Low voltage . . . . 30

Multiple chest leads revealed the follo\\mg
* Normal QRS deflections 1n the majority (fig 17 052 and

b)
Per cent
Inversion of T from Vi-V3 (fig 17035¢) . 13
Domunant R wave 1n V1 with conspicuous S in \ 5
{fig. 17 05d) 16
Dominant § wave fram V ~-Vs (ﬁg x7 o_,e) . 16

Umipolar limb leads nearly always showed a vertical electrical posstion

Parucular attention 1s drawn to the frequency and importance of the
pulmonary P wave (fig 17 06 and 17 07) In normal controls the maximum
aurtcular deflection very rarely measures more than 1 5 mm 0 2mplitude
and averages 1 mm (fig 17 08) The pulmonary P wave commonly ranges
between 2 and 3 mm 1n height, but 1s never widened It 1s not seen 1n
normal vertical hearts, which refntes the suggestion that v depends on
cardrac rotation due to emphysema It cannot be attributed to anoxia, for
1t1s an early finding and tends to dimmish 1n voltage when anoxia becomes
severe, nor 1s 1t present in cases of severe anemua It cannot be ascribed
to an elevated cardiac output, for 1t 1s seen 1n 2 much less conspicuous form
mn cases of thyrotoxicosis in which the cardiac output 15 considerably
tugher, moreover, as already mentioned, P 1s of low voltage in severe



Fig 17 ob—Standacd kb lead of 32 fected cases of anoxic x;\‘:‘&
monary heart disease with relatively low voltage showing the frequenty, ampliude,
shape of the pulmonary wate
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chronic anzmia with outputs up to 14 itres per minute Intracardiac pres-
sure studies have revealed little correlation between this P wave and the
right aurnicular pressure, but there appears to be some association be-

25,07

new

s
sl

Fig 17 07—S d lunb fead of a further 16 d cases of
amowc pufmonary heart disease wath normal voltage showmg the frequency, amplitude,
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 1n this respect
with elevation of the nght ventricular pressure and slight reduction of the
arterial oxygen saturation, 1t may develop several years before the onset of
heart failure




Fi 17 08 —The maxumum B waves in one ar other of the standard leads (usully fead 1}
af 72 nnselected nosmal controls are shown for companson with Figs 17 ob and 1797



(a) (b}
Fig 17 o9 (8), (b)—Skiagrams of two adianced cases of anovc pulmonary heart disease
‘showing dilatation of the pulmonary arc and of the left and right branches

i
i
t
t

(a) (b
Fig 17 1o (a}—Right anterior obhque position showing the increased densitv and diameter
of the pulmonary artery st its bifurcation
(b) Left anterior oblique posstion showing the Jeft pulmonary artery forming an arc atmost
as dense and as large as the aortic arch
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Fluoroscopy. Prominence of the main branches of the pulmonary artery
at the hila, with or without dilatation of the main pulmonary arc, is seern
in over 5o per cent of cases of severe emphysema (Parkinson and Hoyle,

Las f e e e -
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Pulsation of the pulmonary artery and 1ts main branches may be seen
sometimes, but does not compare with that in attial septal defect, and as
a rule 1s absent, Pertpheral vascular markings are relatively unimpressie.
Enlargement of the right auncle 1s rate m the absence of faiture. The left
auricle is flat, and a prorunence on the left border of the heart between the
pulmonary and left ventricular arcs ts never seen. Owing to the raised
carcizc output and to the freq v of coincident ial hypertension,
the aortic knuckle 1s usually well seen, and may be unduly prominent.

Finally, there may be evidence of emphysema: widening of the rib spaces,
etevation of the ribs and clavicle, depression of the diaphragm, and in-
creased transk y of the tung p: hyma. However, emphy is nat
cor pulmonale, and too much should not be deduced from sts presence-

Spectal investigations. The vital capacity is greatly reduced, and is usually
below 1500 ml. The residual air 1s increased proportionately, the total fung
volume remaung normal. Centeal cyanosis may be proved by arterial
puncture the artenal oxygen saturation is usually between 6o and 8o per
cent, but may be much lower

The pulmonary artery and right ventncular pressures may be measured
by means of cardiac catheterisation and are usually moderately raised, but
less so than in primary pulmonary hyperstensson.

In 19 cases of emphysema without night ventocular faiture, Cournand and
his colleagues found the systolic right ventricular pressure was normal (18 to
30 mon Hg) in 5 and between 34 5 and 57.5 mm Hgin 14 (Bivomfield ef el
1946) They regard this nse as the earhiest evidence of pulmonary heart disease

Cardrac outputs commonly range between 5 and g htres per minute
(McMchael and Sharpey-Schafer, 1944), and do not seem to reach the
igh fevels d in anemia, thyratoxicosis, and Jarge arterio-venous
shunts .

The right auncular pressure tends to be ratsed when the cardisc autput
is incressed, and may be high 1n clinical congesuve failure On the other
hand, in some cases of emphysema it is remarkably low, the mean pressure
Being Jess than minus 10 em. of sakine below the sternal angle; ths may be
attributed to antenor displacement of the sternal angle and ta an ynusually
low intrathoracie pressure. .

Diagnosis. The usual chimeal problem is to decide whether the cardm-'
vascular system 15 involved 1n a known case of emphysema; but éxﬁicu}l)
may also arise 1 distinguishing pulmonary heart disease from other ::c.xdu?;
pathies, and especially in unravelling 2 mived etiology. Other hyperkineti




PULMONARY HEART DISEASE 473

circulatory states may have to be excluded, particularly beri-bert 1n alco-

holics, but also thyrotoxicosis, secondary carcinomatosis of the liver, and

Paget’s dsease of bone tn emphy subjects The mixed
S cee i) ISR

In the stage of low blood pressure and reduced cardiac output, clinical
diagnosis may be even more difficult Toxic vasomotor collapse from
bronchopneumonia may cause confusion; mitral stenosis, Pick’s disease,
atrial septal defect, mediastinal tumour, massiie 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 climical

ion can be very mislead

Pragnom. The diagnosis of chronic anoxic pulmonary heart disease
usually carries 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, latory 1 should be r
much earlier, perhaps by § or 10 years, and appropnate treatment might
then prolong life.

Treatment Vigorous preventive and symptomatic treatment of bron-
chitis and asthma may delay the develop of serious empl nde-
fimtely Half-hearted measures must be condemned when the ultimate fate
of these patients is realised

By the time the card: lar system 1s Ived, 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 1n a work of
this kind, one or two observations are necessary Morphme 1s frequently
lethal owing to its depressmng effect on respiration, pethidine may quieten
a restless patient yust as well, 15 a good antispasmodic, and does not depress
respiration Subcutaneous adrenaline 1s stift the most effective way of rehev-
ng bronchial spasm, newer remedies, such as the anuhxstamme dmgs,
may be given in addition but not as a sub Isoprop:
which may be administered 1n sublingual tablets 1n doses of 20 to 40 mg,
15 a useful preparation Antispasmodics that improve the cardiac output or
coronary circulation, such as aminophylline may be chosen m preference
to those that do not

‘Whether the case 1s 1 d b and b heal spasm or

not, 1t 1s vitally important that the patient should be nursed 1n 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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Mersalyl, 2 low sodium diet, and venesection should be used with
cautton. Howarth, McMichae!l and Sharpey-Schafer (1g47) have shown
that in most cases with raised cardiac outputs the venous pressure is
already at an opttmum level, and that lowering it by any means may
reduce the output and harm the patient. In a2 minority, however, the heart
1s averloaded and then responds to such treatment mn the usual way. Al-
though clinically 1t may not be easy to judge the physiological state of the
arculation, warm extremities and a full bounding pulse contraindicate all
venous pressure lowering agents, whereas cold extremities, a small pulse
and low blood pressure demand them {when the venous pressure is raised)
When cedema 1s gross and the ugular venous pressure over 7 cm. saline
above the sternal angle, mersalyl and 2 low sadium diet should probably
be tried. Venesection 15 best avotded in all cases, as it 1s too drastic and may
prove fatal if ill judged Digitalis or strophanthin may be used without fear
when the usual chtnical indications are present.

If, after rehef of bronchual spasm and infection, the vital capacity remams
crtically fow, and the artenal oxygen is below 80 per cent when the patient
18 out of the tent, thiouracil should be sertously considered as a means of

ducing the oxygen req {page 383).

OTHER FORMS OF PULMONARY HEART DISEASE

Ayerza’s disease Much confusion has ansen from the use of this term.
1t has been applied to cases of intense cyanosis and polycythemia associated
with syphilitic or other disease of the pulmonary arteries (Boyd, 1931).
The facts are that Ayerza, of Buenos Aires, 1n an unpubbshed chnical
l(scturc {1901} described a single case of heart faure in which the patient
has 5o cyanosed as to be almost black—2 cardiac negro. Autopsy revealed
much enlargement of the nght side of the heart, dilatation of the bronchy,
and penbronchins Neither syphilis nor the state of the pulmonary vessels
was mentioned Arnllaga (1913, 1924) was, perhaps, chiefly responsible
for stressing the syphifine ongin of such cases, although other authors from
the Argentme believed the artenal Jesions to be atherosclerotic. Brenner
{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 putmonale

Pulmonary heart dusease associated with deformuties of the chest. G0
kyphoscohosis accounts for perhaps 5 per cent of cases of chronic €T pul-
monale The condition is assoctated with extensive collapse-atrophy of part
of the lung and severe emphy of the inder. Cardi ular -
yolvement 1s sunilac in type to that assomated with other forms of puk-
monary disease complicated by emphysema; kinking of the aorta (Conls:m)
plays no part in its development. )

The aserage age of death in these cases 15 about 30 years A curious fofr;’l

of syncope has been descrihed 1n 2 number (Chapman, Dill and Graybieh,
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1939), possibly due to sudden lowering of the right auricular pressure con-
sequent upon compression of the inferior vena cava n certain postures
(page 196).

Aneurysm of the pulmonary artery. Aneurysm of the pulmonary artery
1s rare, being found in 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

(a) 22nd March 1944 (b) 5th December 1946
Fig 17 11—Development of aneurysmal dilatation of the right pulmonary artery in a
case of encwe cor pulmonale

under 30 years of age (Boyd and McGarack, 1939) The etiology 1s believed

to be a congenital defect 1n the wall of the pulmonary artery in about 40

per cent, syphilis 1n 30 per cent and chronic cor pulmonale with athero-

sclerotic pulmonary arteries 1n 30 per cent The diagnosis may be obvious
a e, . . - -

ably quickly (fig 17 11), underlying congenital weakness 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
15 unhkely to influence the course of the pnmary disease Ruprure 1s very
rare
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CHAPTER XVl
THYROTOXICOSIS AND THE HEART IN MYXCEDEMA

THYROTOXIC HEART DISEASE

HE cardiovascular system is clearly wvolved from the onset of

thyrotoucosss, although the term thyrotoxic heart disease 1s usually

reserved for the late stage when auricular fibrillation or congestive
heart failure dominates the scene Such a distinction 1s artificial and simply
means that a young and healthy heart can maintain a high output for years
without distress, but that an aged heart cannot

Historical nate Thyrotoxic heart disease was first adequately described

by Caleb Hullier Parry (1815, 1823) of Bath, who witnessed tns first case
1786 Flajam’s publication of the detatls of one case {1Roz) appeared first,
but cannot be compared with Parry’s account Graves® descripuon (1835)
1s also inferior Carl von Basedow {1840), a general practitioner at Merse-
burg, Germany, called special attention to exaphthalmos and drew a vivid
picture of most of the features of primary exophthalmic goitre as we see it
today, omutting only tremor, which was later recogrused and added to the
Merseburg triad (cxophthalmos, goitre and palpitations) by Pierre Marie
(1883) For further historical details the reader is referred to the classical
monographs of Cearl Joll (1932) and of Means and Richardson (1938).

NATURE OF THYROID HORBIONE

The exact p of thyroid b 1s not yet known, In 1895,
Baumann obtained from thyroid tissue a protein-free, physiologically active
substance contaiming 10 per cent of iodine, which he called iodothyrin
In 1899, Oswald showed that the active principle stored in the gland was
attached 1o a protemn in the form of thyroglobulin: this is the chief con-
stituent of colloid Kendall 1solated thyroxme m 1915, showed that it con-
tmned b5 per cent of odine, and demonstrated its potency. These researches
cutrmmated s the synthesis of thyroxine by Harington and Barger in 1927

Thyroune, however, accounts for only 40 to 50 per cent of the total
iodine in the thyroid gland, 1s relatvely insoluble, and 1s not believed 0
be 1dentical with thyroid hormone. The rest of the thyroid iodine 1s found
n the practically inert substance, di-iodoryrosine, a likely prccurser‘of
thyroxine. According to Hanngton (1933), thyroxine and dl~i0dﬂ(y{'¢'751ne
are probably linked with ds as i of thyroglob

collord, and the natural thyroid hormone is perhaps a thyroxine—contain-
ing peptide.

m
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PATHOLOGY OF GOITRE
The normal thyroid gland consists essentially of numerous acsnt lined
with epithelium and containing colloid material rich mn iodine, from which
thyroid hormone appears to be liberated according to the demand. When
the gland is stimulated, the epithelium assumes an active columnar form,
and collord tends to disappear. When there 1s Iittle or none left, the walls
of the acint may become crenated, like any other vesicle whose contents
have been removed In this phase the gland as a whole 1s soft and vascular,
and 1s not enlarged. When the stimulus ceases, involution takes place: the
epithelum flattens, colloid reappears, and the acim become distended Thus
1s the resting phase, and is characterised by a firmer, less vascular gland of
somewhat larger size. If the stimulus to actvity 1s excessive the morpho-
logical changes described above are supplemented by true hyperplasia of
the zcinar epithelium, and subseq 1 may be plete, lead-
ing to permanent enlargement of the gland
Simple goitre 15 due to benign hyperplasta, and develops when 10dmne
supplies are short or diverted, especrally when thyroid demands are heavy
{Marine, 1927} This response to iodine lack 1s believed by some to be
medrated by the production of excessive amounts of thyrotropic hormone
from the antersor piturtary. Endemic goitre due to lack of jodine m the
soil occurs in New Zealand, parts of Italy and Naorth Amenca, and m
many other mountainous districts or places remote from the sea Iodine
duwversion may be due to polluted water (Marine and Lenhart, 1910, McCar-
rson, 1927) Increased demands for thyroid hormone occur at puberty
2nd during pregnancy
Colloid gotre represents the resting mvoluted phase of previous benign
hyperplasia (Marine, 1930) When the sumulus subsides, colloid reaccumu-
lates m the acini, interveming 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 epithelwm 1s columnar and proliferated, the walls of the acint
markedly crenated, and the collord practically all gone The gland as a
whole 1s soft, vascular and enlarged
Nedular goitre 15 usually regarded as the end-result of repeated cycles
of hyperplasia and incomplete mvolution The process probably begins
with falure of camplete mvolution of a previously stimulated and hyper-
plastlc gland Subsequent stimulation leads to local hyperplasta of these
luted nests, and sub: 1 to local nodules of colloid
gcm’e Such a process may be repented ndefimitely Thyrotoxicosts from
nodular goitre depends chiefly upon the activity of the hyperplastic nests,
the nodules themselves being mostly inert The term adenomatous gotire
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15 therefore mcorrect when applied to this type of lesion, and should be
reserved to describe those cases in whith thyroid nodules (usually single)
are compased of solid masses of cells of fetal type. Compared with primary
Graves' disease, nodular goitre usually runs a longer and less dramatic
course, which by its very nature 1s necessarily phasic, perieds of activity
alternating with periods of relative quiescence. Why production of thyrad
hormone should exceed the demand 18 no more understood than st 1s 1
primary Graves’ disease The mnplication of the anterior pituttary thyro-
tropic hormone may explamn part of the mechanism, but m no way solves
the problem,

Physiology of the cxrculation under the influence of thyroxin, The admunis-
tration of thyroxin to man and mammals 15 followed, after a time-lag of
several days, by an appreciable nise 1n the basal metabolic rate. The in-
creased oxygen requirement is met by elevation of the cardiac output, not
by greater utihsation of available oxygen (as occurs when the BAMR s
raised by dinitrocresol), nor by polycytherma The high minute-output 1s
maintamed more by tachycardia than by a raised venous pressure, the
stroke-volume heing but tittle increased (Friedberg and Sohval, 1937) The
strenpth of carduac contraction 15 probably enhanced These effects are
usually attributed to the direct action of thyraxine on the heart

At the same tune the penipheral blood flow 15 greatly increased, there 1s
obwvious vasodilatanion 1n the skin, and adrenergic responses are magnified

Morbid anatormy of the thyrotoutc heart. ‘There are no macroscopic changes
1 the thyrotoxic heart priot to the onset of auncular fibnitation and faiture,
until then the heart-weight remains normal Cases exhibiting cardiac em-
barrassment during Yife may still shew httle at necropsy except some
increase i heart-weight and evidence of congestive farlure (Kepler and
Barnes, 1932) In a few, however, there are scattered foei of fibrosis (Rahe
and McEachearn, 1932}

CLINICAL FEATURES

The hyperkinetic airculation of primary Graves’ disease is usvally well
tolerated because the subjects are young; but in middle-aged or elderly
people with toxic nodular gottre cardiac embarrassment 1s the rule The
sex-ratio favours women in the proportion of about 6 : 1 (Fraser and Dun~
ull, 1934). A famuly hustory of goitre is found 1n 45 per cent of cases (Bruun,
1945). Contributory factors include pregnancy, the cli fectd
{such as 11 and perhaps ional shock, altt h the scarcity of
thyrotoxicosis amongst active service casualties in the first two world wars
was potessorthy. The role of 1odine has already been discussed

Of the symptoms, loss of weight, heatintolerance, agitation or restless-

ness, palpitations and fatigue are the most important. Loss of weight as-
: . Pty ot
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Whalst the symptoms themselves are important, the manner in which
they are told and the general behaviour and appearance of the patient are
often more so The subject 1s usually a woman; she is commonly thin and
talks quickly, often gesticulating to lend emphasis to her remarks She may
wear a scarf to hide an unsightly swelling in her neck, but her clothing 15
otherwise light. 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 goitre is towards the beginning of the mterview, when the patient may
lean forward in her charr, 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 pattent’s

comversation is often ill and n sharp contrast to that of the
anxiety neurotic. The latter complains of symptom after symptom mn a
hallenging fashion, es mng their severity, and stressing his inability

to cope with them The thyrotoxic patient tries to explamn away her symp-
toms* she feels the heat, but of course it has been very warm recently, she
is losing weight, but she supposes she was too fat before, she gets tired and
irritable, but she knows she tries to do too much; and so on
Physical examination may reveal a wealth of signs which are all directly
or indirectly attnibutable to excess of thyrotd hormone, except exophthal-
mos and goitre. They may be suitably described under four main headings.
1. The eyes. Exophthalmos may be present (fig 18 ox), but 1s uncom-
mon 1n toxic nodular goitre. It 1s occasionally unilaterat (fig 18 0z) 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 stimulation, for 1t 1s not relieved by sympathectomy
(Shaw, 1929), nor 1s 1t due to excess of thyrord hormone, which never
reproduces it Moreover, exophthalmos occasionally becomes more marked
after thyroid ort with th ] In severe cases of exoph-
thalmic ophthalmopl and mal hthal thyrotoxicosis may
be minmal, 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 1s the exophthalmos that can be produced in gumea-pigs (also in
rabbits and fish, but not so far 1n man) by mjecting thyrotroprc hormone,
especially 1f the thyroid gland 1s first removed (Marme and Rosen, 1933)
All these facts pomnt to the likelihood of the pituitary bemng directly respon-
s\k{le, and provide further evidence that thyrotouicosss may depend upon a
primary pituitary disorder
Retraction of the upper Lid (fig 18 03), revealing the white sclerotic above
the ms (Dalrymple’s sign), which may be unilateral, 1s also uncommeon in
toxic nodular goitre It should be distinguished from exophthalmos, which
reveals the white sclerotic below the s by mechanically displacing the
lower lid (Pochin, 1937-8)
If the patient looks up, and then lowers the eyes to watch a descendmg
object, the upper Iid lags behind the movement of the eye-ball, revealing
ke *




(@)

Fig 18 or—Evophthalmic goitre.
The first photograph (a) (in gipsy
dress) was taken m 1933, the second
(b} n 1936 The whte sclerotics are
seen below the 1ris due to mechanscal
displacement of the lower Iid
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Fie 18 oz—Umlateral Iid retraction and exophthalmos
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Fiz 18 03-~L1d retraction and charactenistic thy rotoxic stare.

484



THYROTOXICOSIS AND TIHE HEART IN MYXEDEMA 485

the white sclerotic above the iris (von Graefe, 1864) Lid-lag and hid-retrac-
tion were for a long time attnibuted to stimulation of the sympathetic rein-
forcement of the levator palpabrz supertoris {(von Graefe, 186), but if sym-
pathetic stimulation were responsible, the lower Iid would also be retracted,
which it is not (Pochin, 1937-8, 1939). Moreover, both exophthalmos and
lid-retraction may occur when the ocular sympathetic 1s paralysed (Brain,
1939). In the hight of these findings von Graefe’s hypothesis is untenable

The characteristic stare has already been menttoned It 15 more than
Iid retraction and infrequent blinking (Stellwag's sign), 1t 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
lid-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, pink, 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 inert
and expresstonless, tremor is coarse, irregular and mnconstant

3. The gottre. If a goitre 1s not
seen, 1t may be discovered by
palpation It 1s best to stand be-
hind the patient, and to place
the thumbs behind the sterno-
mastoids, and the fingers n
front On asking 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 o4 —Substernal gostre revealed by  although 1t 1s sometimes diffi-

Xerays cult to demonstrate (so-called
masked hyperthyroidism) In such 1nstances, it may become more con-
vinemg after 2 course of Lugol’s sodine Occastonally 1t 15 substernal and
may be revealed by fluoroscopy (fig 18 04)

The gortre of thyrotoxic heart disease 18 commonly nodular, irregular
and asymmetrical It may displace the trachea to one side, and the common
carotid artery to the other, and on rare occastons 1t may compress the tra-
chea, causing cough, dyspneea, and stridor Sudden enlargement 15 usually
due to haemorrhage wathin a nodule or cyst Degenerated nodules may be-
come calaified N

Primary exophthatmic gottres are uniformly enlarged, smooth, and fleshy

. e



400 DISEASES OF 1dk HEART AND CIRCULATION

"They are similar to simple hyperplastic goitres, but more vascular. Some-
times an artertovenous continuous thrill and murmur may be detected over
the gland Colloid goitres are also smooth and symmetrical; but they are
harder and, as a rule, larger. After a course of iodine, primary exophthalmic
goitre may feel like colloid gortre. Nodular goitre should be distingmished
from other causes of thyreid enlargement 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 ordinary hyperplastic
nodule 1 which the vesicles are unusually small and devoid of coltord (Joll,
1932), presents clmically 2s a firm smooth single tumour within the sub-
stance of the thyroid gland It 1s usually mnocent.

What were believed to have been malignant changes were found by Wilson
(1921) and by Speese and Brown (1921) in about § per cent of zll goitres
that were surgically removed, but their histological criteria have been dis-
puted and the true incidence of malignancy is probably lower. In non-
toxic goutres 1t may be between 1 and 4 per cent (Lerman, 1944), but in
toxic nodular goitre 1t 1s extremely rare Thus Means (1937) said he had not
seen a single case, and Crle (1936) met no stance of toxicity amongst
249 malignant cases Malignancy should be suspected when a goitre grows
rapidly, becomes unduly hard, causes dysphagia, involves the recurrent
laryngeal nerve, surrounds and buries the common carottd artery, obstructs
the internal jugular vem, causes pain by invelving adjacent sensory nerves,
o1 when fixation can be demonstrated. Enlargement of neighbouring cer-
vical Iymph glands 1s particularly suggestive Metastases are found espe-
cially 1 the lungs and n bone

Rtedel's disease (Riedel, 1896) may be readily confused with malignant
disease climcally It 1s characterised by a brawny mduration of part or all
of the thyroid gland, sometimes involving surrounding tissues. It 15 a slow
fibrotic process of unknown etiology, affecting indrviduals of erther sex and
of any age Pain, dyspneea, dysphagia, huskiness of the voice and obstruc-
tion of netghbouring vessels occur, and the gland 1s soon fixed; but Iymph
nodes are not enlarged and thyrotoxic symptoms are unusual

Lymphadenord goitre (Hashimoto’s disease) is seen particularly in women
over the age of 45 The whole gland 1s involved from the start, surround-
ing structures are not affected, and myxedema usually develops (1011,1932)
Mi pically, actnar r are d among masses of lymphoid
tissue.

Acute thyroiditis may complicate a variety of mfections, but is rare It
may be suppurative or non-suppuratn e according to the nature of the 1=
vading organism and to the severity of the attack, Clinically it is charac-
terised by a punful, tender, uniform swelling of the gland accompanied !?Y
fever, Cellulitis with or without suppuration may invade surrounding tis-
sues. Thyrotoxic symptoms may be associated, but usually subside with
the inflammation
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Thyroglossal cyst is Iy a md-line structure, developing from
remnants of the thyroglossal duct, and moves upwards when the tongue
is protruded. 1t is of cosmetic rather than medical sigmficance

4. Card, lar signs. Vasodilatation in the shin and muscle 1s nearly
always present, and may be recognised by hot extremities, throbbing digital
vessels, capillary pulsati dified water-h: pulse, and raised pulse
pressure. Tachycardia is the rule, and persists duning sleep (Boas, 1932)
The action of the heart is vigorous, the cardiac impulse being forceful and
displaced a little to the left, and the heart sounds slapping. A systohc mur-
mur may be heard at apex or base, and a thnill may be felt on compressing
the earotid or subclavian artery Rarely, a functional mutral diastolic mur-
mur may be heard.

Auricular fibnllation may be mmnated by overdosage of thyroxine in
patients with normal hearts, It occurs 1n 10 per cent of all cases of thyro-
toxicosis, and 1 84 to g6 per
cent of those with cardrac fail-
ure, and may be paroxysmal or
persistent It 1s rare m young
subjects, but becomes progress-
iwvely frequent with advancing
years During attacks the ventr-
cular rate 18 apt to be very fast,
and the patient may complamn
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-
ton Congestron 15 systemic
rather than pulmonary An
appreciable proportion of such
cases (over 50 per cent according

o to Magee and Smuth, 1935) are

D8 B0 S shosune shabt oo complcated by hypertenston or
arc in & case of th other forms of heart disease.

K-rays may show shght

promunence of botl3 the aortic knuckle and left pulmonary are (Parkinson

PRI S

w20 mdy ve augmented (g, 18 06).
5 Other ‘und less constant features Neurological signs are rare, they in-
tal hthalmanl
clude " P plegia and myasthenia—: resem-
bling myasthenia gravis, but not responding to prostigmine Curious
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patches of local myxcedema occasionally oecur on the legs, katlonychia has
been descnibed, and the skin may be unduly pigmented.

Decalaification of bone 1s not uncommon; a negative calcium and nitro-
gen balance may be demonstrated, the blood chelesterol may be rather
low, sugar tolerance may be reduced; and mpairment of hepatic function
has been reported.

THIOURACIL TREATMENT
Jan-0ct038 G 36 6 47 8943 +G 10144
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Fig 18 ab—Electrocaliioprams (&)} dead 2} showing relatwsely high oltage P and QRS
wares 1 6 cases of thyrotoxicosts After trestment vwith thiourac the voltage falls con-
siderably The B MR 13 recorded under each record

SPECIAL INVESTIGATIONS

1. The basal metabolic yate (B M R.), matroduced by Magnus-Levy 1
895, has proved a useful guide to the degree of hyperthyrowdism, and s a
measurement af the amount of oxygen consumed by the patient per runute
when at complete sest, 1 fourteen hours after the last meal, and after
lymg down undisturbed for at least half an hour. The patient breathes
and out of a closed system contmmng egual proportions of air and oxygen
for ten tnutes, carbon diovide being removed by means of soda-lime; the
amount of gas disappeanng from the system represents the total amount of
oxygen consumed This is ther 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 same age and sex would requite In thyro-
is, the B.ALR. Iy ranges b plus go and plus 8o per

cent. Read's formula for eshmating the B MLR. by the pulse rate and pulse
pressure is unreliable, and worth no more than the knowledge that the com-
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bination of tachycardia and a bounding pulse suggest a raised cardiac out-
put. (Read’s formula is' B M.R. equals § {pulse rate plus § pulse pressure]
minus 72.)
1t should be understood that a single B M R. of plus 20 per cent does not
necessarily mean that the disease is milder than one witha B M.R of plus
40 per cent, for the course of thyrotoxicosis 1s vanable. Senal readings may
give a truer picture of the degree of actnaty. Another important pomnt 15
that auricular fibrillation and heart failure are more often associated with
Tow grade activity acting over a long period of time, than with acute thyro-
toxicosis, so that the level of the B M.R. is no guide to the degree of cardiac
disability
The BMLR. 1s mare difficult to interpret when measured for diagnostic
purposes, but if it 1s below plus 10 per cent thyrotoxicosis ts improbablc
High readings, however, may be due to faulty basal conditions or to other
causes, such as leuhzera, and relatively high readings may be obtaned 1n
congestive heart failure of any etiology
2, The administration of 10 minums (0.6 ml) of Lugol’s wodine three times
daily for a week or ten days, may be used as a test for hyperthyroidism n
two ways: (1) to see whether it unmasks a gortre, for a hyperplastic gland
enlarges and hardens under 1ts nfluence; (2) to determune 1ts effect on the
sleeping pulse, body weight, and B ALR, for these are beneficially 1n-
fluenced 1n thyrotoxic cases, but not when the B M R 1s raised from other
<auses
3. Measurements of the cardiac output, perspheral blood flow, and cireula-
tion time provide valuable data Outputs of 6 to 12 htres per mmnute are
usual, and are correlated more with the heart rate than with the venous
filing pressure When the heart fails, the output drops, usually to sub-
normal levels. The fore-arm blood flow 1s invariably increased, and usually
remans so when the cardiac output falls as a result of failure, moreover,
the augmented flow does not subside for several weeks after the BALR
has been restored to normal by means of thyroidectomy or thiouracil ther-
apy (Howarth, 1948). Circulation times under 10 seconds are charactenstic
{Goldberg, 1938) and may remain well within normal limits when there 1s
systemic congestion
The demonstration of a high cardiac output at rest places a case m the
hyperkinetic group: the differential dragnosts then includes severe anzma,
anoxic cor pulmonale, arterio-venous aneurysm, Paget’s disease of bone,
secondary carcinoma involving the hver or other serious hepatic disorders,
and beri-ber1 The majonty of these can be recogmsed or excluded at once
on chnical grounds
4 Unmnary creatine test Up to 200 mg of creatine may be excreted daily
m the unne by normal women and children n an irregular manner, but
very hittle, if any, by normal men Excessive creatinuna occurs during
Y. and d may appear 1n the unne of erther sex
1 fevers, wasting diseases and certain muscular dystrophies
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Most thyrotovic subjects excrete an excess of creatine (Sohval, King and
Rener, 1938), and its detection may be used as a disgnostic test if the
above considerations are borne 1n mind. Thyroid responstbility may be
proved by the disappearance of creatinuna withm ten days of first giving
todine or thiouracil treatment (fig 18 07) (Schrire, 1938). On the other
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Fig 18 o7—Effect of thiouracil on the excretion of creatine:n the urine

hand, absence of creatinuria does not exclude thyrotoxic heart disease, for
such case co o : . v
long pent
creatine ¢

5 Electrocardiography may reveal abnormally high voltage of P and
QRS (fig 18 06) 15 previously stated. It may also be of value in proving
the nature of an tregulanity of rhythm, or in excluding certain other causes
of a hypetkinetic circulation (e.g pulmonary heart disease and an@mis)

6 Radio-active tracer 1odme may be used to estrmate the rate at which 1t
enters and leaves the gland (Keaung et al., 1945) In thyrotoxicosis jodine
is concentrated 1n the gland more quickly and m greater degree than 1
normal controls; and the excretion of iodine 1n the urine (after a test dosc)
18 retarded A Geiger counter is placed on the neck to detect the arrival
and concentration of tracer rodme 1n the thyroid, and 2 hquid counter is
used to detect st m the urine. These tests are promising and may become
of service to the clinteian

TREATMENT

The most satisfactory method of treating thyrotoxic heart disease is
subtotal thyroidectomy as developed by Dunhill (1908, 1929, 1937). The
best results are obtained when physician and surgeon work in the closest
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harmony, success depending as much upon the shill and judgment of the
physician as upon the expertence 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 aneurn daily may be helpful on the
grounds that an abundant supply of this vitarmin 1s needed for the increased
carbohydrate bol. Fatigue and kness may respond to 50 mg
of pyndoxine daily (Soshin and Levine, 1944) Phenobarbitone, 1 a grain
(32mg.) t.d s, or potassium bromide, 10 gramns (0 64 G )t d s , may also be
prescribed with benefit, and a nocturnal sedative 1s usually necessary

Duning this preliminary stage of treatment, which usually induces some
remission of symptoms, the degree of thyrotoxicosis may be assessed climi-
cally and by means of the special tests detailed above Iodine may then be
given by mouth in doses of 10 minims (o 6 ml.) of Lugol’s solution three
times daily, preferably in milk. Within ten days there 1s usually marked
improvement: the pulse rate falls, the B M.R. is lowered, and the pattent
feels better (Waller, 1914; Plummer, 1923) The moment for operation 1s
usually ten to fourteen days after beginning 1odine If, however, the patient
is 1ot ready at that time there should be no hesttation 1 postponing 1t,
but the dose of 10dine should then be reduced to § miums (0 3 mt ) three
times a day (Fraser and Dunhill, 193.4)

‘The introduction of thiouracil by Astwood (1943) followimg the dis-
covery by the Mack (1941) that the of sulph d
to rats caused thyroid hyperplasia and reduction of colloid, has proved an
important therapeutic advance. Thyrotd hyperplasta was attributed to n-
creased production of thyrotropic hormone by the antenior prtuitary i an

d d

to 7 for deft of thyroid hormone brought about
by sulphaguanidine. Astwood found that many substances had a similar
effect, including all the sulph des, p ben: acid, thiourea, and

its compounds; and that of these, thiouracil offered the best prospects,
being potent and relatively non-toxic It 1s held that thiouracil and the
other substances mentioned act by mterfering wath the union of iodine and
tyrosine and so prevent the formation of di-1odotyrosine, a2 known precursor
of thyrouine (Riker and Wescoe, 1945) The histological appearance of the
thyroid gland under their influence resembles the hyperplastic gland of
1odine deficiency

Extenstve trials have established the dosage, towc effects, and early re-
sults of thiouracil treatment on firm ground (Astwood, 1944, Williams,
1944) Reduction of the B.M 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 toxic
nodular goitre. The usual dose 15 02 G of thiouracil twice daily for
about three weeks, or until the available evidence suggests that the pro-
duction of thyroid hormone has been reduced to normal 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 is continued, the
dose is then reduced to 0.2 G. daily for a month or so, and the patient
15 allowed to resume her normal activities. Next, the maintenance dose is
discovered by trial and error; it vanies considerably from case to case, but
is of the order of 0 05 t0 02 G. daily. According to Himsworth (1948),
equally good results are obtained when the initual dose is only 200 mg.
daily, and the maintenance dose 50 to 100 mg Himsworth claims that the
results of thiouracil therapy are as good as those of subtotal thyfordectomy,
and that medscal treatment should therefore be preferred because the mor-
tahty rate 1s lower Auncular fibnllation may revert to normal shythm
spontaneously with thiouracil treatment, or normal rhythm may be restored
by means of quinidine. Treatment should be continued for at least twelve
months 1f medreal cure 1s destred; but even then 33 to 50 per cent of cases
relapse when the drug 1s withdrawn (Himsworth, 1948; Wilhams, 1946).

Signs and symptoms of myxcedema may develop if too much thiouracil
1s given, but soon disappear when the dose 15 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-like rashes,
fever, agranulocytosts, purpura and adenopathy. The most serious of these
1s agranulocytosts (1 to 2 per cent) which should be treated promptly with
pemcilhin, pentnucleotide, liver extract, and perhaps blood transfusion,
thiouracil being abandoned An uncontrollable hzemorrhagic state ending
tn renal failure was the cause of death 1n one case known to the author. The
mortality rate has been about o 5 per cent (Moore, 1946), but may be less
now that physicians are more expertenced in using the drug, Aminothtazol,
02to08 G daly (Perrault, 1946), has been used widely in France, but
has little advantage over thiouracil, Methyl thiouracdl in stmilar doses 15
less toxic and propy! throuracil least so, both are as potent as thiouracil
(Astwood and VanderLaan, 1945).

In view of the high relapse rate on discontinuing thiouracil treatment,
and because the operative risk and difficulties may then be greater owing
to the mcreased vasculanty of the gland, most workers favour the drug
manly as a prelimimary to partial thyroidectomy. Moreover, thiouractl has
not replaced rodine 1n ths respect; for the subsequent administratton of
Lugol’s solution 1s found to dimimsh the vasculanty of the gland and so to
facilitate the operatton (Means, 1946) Again, 1n most cases of primary
Graves’ dsease pre-operative iodine is so satisfactory that thiouracil is
hardly justified But in severely toxic cases, and in most mstances of toxic
nodular gostre with or without cardiac embarrassment, thiouracil is supertor
to iodine They may be given together with advantage in doses of 0 1 G-
0.2 G. of methy! or propyl thiouracil and § minims (0.3 ml ) of Lugol's
jodine three times daily Symptoms should be controlled within two » eckf.
Subtotal thyrordectomy may then be carried out when convenient; there is
no urgency, as there 15 when iodie is used alone, because patients do not
relapse while taking sufficrent thiouracil,
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Cardiac complications do not cont partial thyrord {Dun-
hill, 1937). More careful preparation, however, 1s needed, auncular fibril-
lation must be controlled and heart failure relieved before 1t 1s safe to
operate, but normal rhythm should not be deliberately restored at this

The post-operati pl has been paroxysmal aur-
cular fibrillation with rapid ventricular rate, but this may be less frequent
if the patient is prepared with thiouracil. It should not occasion undue
alarm, for the rhythm usually reverts spontaneously to normal within 48
hours 1f auricutar fibrillation persists, however, whether previously weil
established or of recent onset, every effort should be made to restore normal
rhythm by means of quimdine before the patient leaves hospital (see page
149). The nisk of embolism 1s shight, perhaps becausc the hyperkinetc
arculation 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 mcreased by
thiouracil, and have been attributed to the liberation of mcreased quantities
of thyrotropic substance owing to defictency of thyrord hormone Although
hyperthyroidism obviously cannot result from this thyrotropic activity,
proper cure of the disease may well be frustrated by 1ts presence Moreover,
the vasculanity 6f the gland may become so great that 1t may function as
an arteriovenous aneurysm, and so mantam the hyperkinetc arculation
tfuouracil was meant to relieve A contnuous thnll and loud machmery
murmur may then be appreciated over the gland In one such case investi-
gated by Wyndham and the author, admuttedly the result of overdosage,
the resting cardiac output was twelve litres per munute But 1f 2 mainten-
ance dose of thyroid (I to 3 gramns or 60 to 180 mg daily) 1s given 1n con-
Jyunction with thiouracil, pitutary hyper-activity may be prevented or may
subside 1f already present (Willtams and Bussell, 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
is curative 1n about a third, results 1n some improvement i a third, and 15
without benefit in the remamder (Means and Holmes, 1923) It may be
useful 1n thiouracil-sensitive subjects who refuse operation 2 Putwitary
wrradiation has been tried with limited success (Thompson and Thompson,

1944), but not very widely Interference with other pitwitary functions 13
the obvious disadvantage, even 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 s largely
concentrated 1n the thyroid gland, the irradiation effect 1s considerable,
but the dsfficulty 1n gauging the correct dose, and the danger of exciting
malignant changes in the gland are possible drawbacks

Thyrotovc erses Owing to the impossibility of neutralisimg thyroid hor-
mone that has already been manufactured, both odine and thiouracil do
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not benefit the panent for several days (graphs ilustrating the effect of
partal thyroidectomy, sodine and thiouracil on the basal metabolic rate are
remarkably similar). The treatment of thyrotoxic cnses by massive doses of
iodine (by mouth or intravenously} as advocated by Boland and Kepler
{1938), for iple, 1s therefore g ble. Absolute rest, heavy seda-
tton, and replacement of salt and water lost in sweating and vomiting, are
probably more important Aneurm, 100 mg. intravenously, may also help

1f toxsc gortre 1s vecognised and treated prompily, howeser, erises should
N0t OTCUr

Thyrotoarcous and tonstllitis Cases are encountered 1 which an attach
ar repeated attacks of tonsillitss are associated with thyrotowicosis, The
problem then arises whether to perform partial thyroidectomy or tonsitlec-
tomy first Before the intro-
duction of thwouracil most
authorities agreed that it was
safer to remove the thyroid
gland before the tonsis, for
tonsillectorny 1 thyrotoxc
patients sometumes precipitated
a cnsis, Thiouractt has simphi-
fied the problem, however, and
allows  tonsllectomy ta  be
undertaken Brst without nsk

Thyrotoxicons and vhewmatic
heart  disease  Thyrotoxicosts
may be associated with acute
rheumatit carditis or with estab-
lished rheumanc valve festons
Both Parry’s and Basedow’s
first cases were so related. The
assocition, if wmore than a
comaidence, 15 indicect, and
may depend upon their jomt  Fig 18 o8—Shwaram showmg gross cordue

1 d 1 n a case of thyrotomicosts plus
4 P fo  strey matral stenosss.
tonsillitis  Treatment amms st -,
partial thyrmdectomy as soon as the rheumatic state allows it Rheumatc
heart disease with fixed valve lestons may result in enormous enlargement
of the heant owing to the excessive work induced by thyrotoaicosis (g
18.08), and the sooner the latter is treated the better. Fotal thyroid
ablation, however, i3 not wndicated

Thyrotovicons and hypertension. There is a group of cases, sometimes
designated thyrotoxic hypertension, in which thyrotoxicosis is asqocx‘:\tcd
with high blood pressure, both systolic and diastelic levels being raised.
There is little evidence of any ditect relationshup between the two discases,
and theblood pressure docs nat falt fallow ing thyroidectamy (Thsgard, 1939)
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Thyrotoxicosis and angina pectoris. 1schxmc heart pain occurs when the
blood supply to the myocardium is insufficient to meet the demand By
ncreasing the demand, thyrotoxicosis may induce angina in a patient with
a relatively minor degree of coronary atherosclerosss, behaving i this
respect like anemia Thyroid hormone also sensitises the organism to
adrenalin, When ischemic and thyrotoxic heart disease are associated, sub-
total thyroidectomy need not be withheld on the grounds of undue nisk,
for the operation may be followed by many years of normal hife before
angna again makes its appearance,

Thyrotovicosis and pregnancy Thyrotoxcosss developing dunng preg-
nancy may be due to primary exophthalmic or nodular goitre With the
ad of thiouracil, in combination with small doses of iodine or thyroid,
patients should be taken safely to term If the condition does not then
subside, subtatal thyroidectomy may be carnied out. The danger of gaitre
developing in the fertus 1s mimimised by the todine (or thyrowd); but 1t 1s
well to heep the dose of thiouracil as small as possible (not more than o =
G. daily).

PROGNOSIS

There are few forms of heart disease that respond better to adequate
treatment than thy rotoxic heart disease. Cases with gross congestive failure
and well established auricular fibrillation may be cured, and the largest
hearts may resume their normal size (fig 18 0g) On the other hand, heart
fallure and death are inevitable if the disease remains unchecked In the

Fig 18 09 {a}—Thyrotovic heart failure (by—After subtotal thyroidectomy
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hands of the best surgeons the mortality rate of subtotal thyroidectomy in
cases of toxec nodular goitre has been 1.6 per cent {Cole, 1944) fo 2.6 per
cent (Dunhall, 1937), but 1t may be less with thiouracil preparation, No
rehable figures are available upon which to assess the total relapse rate.
Post-aperative tetany and paralysis of the vocal cord each occurs in approw-
mately 1 per cent (Means, 1946)

According to Himsworth (1648), therc 1s 2 311 chance in favour of a
permanent r n with th

THE HEART IN MYX@EDEMA

Artifienal myxcedema, produced by total ablation of the thyroxd gland or
by thiouract, benefits the heart by } g the ci ds, and
50 refieves angma pectons and congestive hean faldure Yet welf developed
myxeedema from natural causes gives rise to cardiac enlargement, pen-
cardsal effusion, and ul 1y to cong heart fadure; moreover, angina
pectonis may be asseciated Enlargement cannot be due to overwork; it
must depend upon some mtrinsie change sn the heart muscle Histological
exarmation, however, 1s usually disappomnting The fault 1s probably bio-
chernieal, and 15 unkkely to be propesly understood untl studses 1 tissue
chenustry are more advanced

The drag of myxed: 15 suggested by the placid sleepy character
(unless there 15 manic psychosis), poor memory, sensitwity to cold (Ray-
naud’s phenomenon s commany), dry coatse skin, thickened lipsand tongue,
low thick vouce, baggy eyes, scanty dry harr, podgy hands, supraclavicular
pads of fat, and general pailor. It 15 confirmed by an smpalpable thyroid
gland, by a BM R of minus 30 to 40 per cent, by prolongation of the arm-
to-tongue ctrculation time to 19 to 25 seconds, by 2 high bloed cholesterol
of 300 to 400 mg per cent, by refative insensitivity to atropne and adrena-
Iine, by a charactessstic form of anzmma, and by a pathognomonic electro-
cardiogram

The type of anzmua which responds to thyroxme alone is narmocytic

and orthochromsc, and may be regarded as a compensatory adjustment to
dimsnished oxypen requirement (Bomford, 1938). The electrocardiogram
shows smus bradycardia, low voltage auricular and ventricular complexes,
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 thyro‘(me is quick and plete, an

changes i the B M.R. The electracardiogram in cretinism behav es simi-
tarly (fig. 15 11).

Whilst a well developed case of myx«tdema is difficult to overlook (ﬁg
18.12), tases of short duration, especially in younger women {the sex jnci-
denceis 8 1 1 mn favour of nemen), may easily escape notice The dmgnosﬂ
should be considered in any case of congestve heart farlure ar of peri~
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Fig 18 10 (R)—Electrocardiogram showing sinus bradycardia, low 1oltage auicular and
ventricular complexes and flat T wares in all leads m 8 case of ravxedema
Normal electrocardingram after treatment

cardual eflusion of unknown etiology. Congestion, when 1t occurs, 1s sys-
temic, and is associated with a low cardiac output Percardial effuston 1s
due to simple ¢ dation., Cardiac enl: 1s general (fig 18 13),
and pulsation of all chambers 1s poor Angina pectorss is said to occur in
1 to 2 per cent of cases (Smyth, 1938), but is probably more frequent
Coronary atherosclerosis may result from the high blood cholesterol

BMR -27% BMR +3%
Fig 18 11—Electrocardiogram before and after treatment 1n a case of cretinism

Myocardsal infarction without coronary thrombosis has been described 1n
such cases when treated too vigorously with thyroxine. The blood pressure
15 hittle mfluenced by myxcedema, and 1s as often elevated as low When
congestive failure is present, measurements of the B M R. give unduly high
readings, more rehance should then be placed on other tests, especrally on
the electrocardiogram

n
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Treatment. 1€ there is no evidence of coronary disease, thyrovane may he
given intrn enously in a single dose of 10 mg , or thyroid may be guen by
mouth m doses of 3 grams (02 G.) daily The response 15 delayed but
dramatic, Within fire to ten days the B R nises, the hivad cholesterol
falfs, T wave changes are corrected, and clinical improvement 1> obywun
Signs of failure or of pericardual effuston soon disappear, and the heart
resurmes its normat size (Lerman, Clash and Means, 1933)

Imtial wweatment 1 easier than mamtenance. With the aid of the B 3 R
itss not difficult to regulate dosage for a panent at eest 1n bed, but when she
leaves hospital and varies her actisitses, 1t 18 not so easy, and superssion
1 required for hfe. The average ymaintenance dose of thyrmd extract 1~
210 3 grains {0 13 to 0.2 G.} daily by mouth

If there 15 any suspicion of assoctated coronary disease, msmal treatment
should be cantious, and the orat route advised Not mare than 1 gram 65
mg } of thyrotd extract should be guen daily, and i cases with anging
pectonss not more than | 2 gram (32 mg ) The dose may be mereased
stowly, week by weeh, if nell tolerated, or reduced and mamamed at a
minimum if not tolerated.

The chief complication ariswng during teeatment ss the deelopment of
angina pectoris. should this occur the dose of thyrosd may have to be less
than ideal but enough ta keep the biood cholesterol below 300 mpy per cent
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CHAPTER XIX
HYPERKINETIC CIRCULATORY STATES

(ANZEDMIA, PREGNANCY, ARTERIO-VENOUS ANEURYSM,
BERI-BERI, PAGET'S DISEASE OF BONE, HEPATIC
FAILURE)

IN addition 1o the diseases enumerated above, hyperkimenc arcufatery

states (Harnson, 1935) metude th , anowe pul v heart

drsease, fever and exeraise The first twe have been conmidered fully
elsewhere, apd the last two have a purely physiological bass.

All these condittons are charactensed by a rased cardiat output mmn-
tamed by means of wachycardia, a raised venous fithng pressure, or both,
rnoreover the heart may beat mote strongly. Conspicuous evidence of s aso-
ditmgtion m skon and muscle is found n all of them the skin is warm and
flushed, the pulse 1s collapsing, the digral vessels theob, and there may be
capiflary pulsation, m fact the peripheral crrculation resembles that scen
m aortic mcompetence The fore-arm and calf blood flows are also m-
creased Whlst young and bealthy hearts may cope with the siuation
without distress, older or unhealthy hearts may fail to meet the require-
mefits

Tt may be difficult climeally to recogmise congestive farlure in these cases,
for the usual signs may have othcr mterpremwns Thus, 2 razscd 1enous
pressute may be part of the ph ing a hgh
cardmc ou!put (Mc\lxchacl 1947), cnlargemem of the Iner may be due to

s and cedema s commonplace 1 severe
angmia and ben-bcn for othcr reasons Indeed, st 1s by no means easy to
be sure what 1s meant by fatture in this group, for example, McMchael
uses the term “high output fadure™ to describe a state i which a rased
venous pressure and cedema are assocrated with 2 high cardiac output,
whether or not the latter is capable of being rased further. Yet fature
ordinarily denotes an overJoaded heart or veninicle, one acapable of s
its output further. But this question has already been discussed (page 135}

THE HEART IN ANAMIA
Pliysialogy Severe chropwe or post-hwmorrhagic anaemia may affect the
heart in three ways: {3) 2t may cause a hyperkinetic circulatory state 28
already described; () st may cause or precipitate angina pectoris or acuit
coromry insufficiency; (ift) it may result in nutritional degeneratis e changes
in the cardiac muscle, which may reduce 15 reserve
50z
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With an oxygen consumption of 240 ml per nunute. an anam subect
with a hemoglobin of 20 per cent vould not have a cardiac output less than
6 litres per minute if all the available oxygen were unhscd {20 per Lent
Hb.==3 G. Bb per cent=3 X134 ml oxygen per cent ¢ mb ovigen put

240
tent or 4o mi. per htre. Thus cardiac output = 40 & Btres por nunutel

If half the available ovygen were utilised the cardiac output would by 12
fitres per minute,

in anmmic subjects imestigations have shown that the resung cardc
output may reach 13 hitres per minute and utilsation of salable oxyen
may be increased from the normal 33 per cent to as much a~ yo per cent
{Lijestrand and Stenstrom, 1925-6; Nielson, 1934, Sharpey-hobater,
1944) These changes do not occur at rest with hemoglobm atues above
§0 per cent, but become ncreasingly apparent at lower levels (Bouchut
and Froment, 1934) The hsgh cardsac output 1s mamtained both by tachy-
cardia and a raised venous pressure The latter must be due to widespread
capillary or peripheral venoconstriction, for the blood volume 15 reduced
(McDMichael et al., 1943), and the small arteries and artenales are dilated
(MeDMichaet, 1g47).

Clinical features "The chief symptoms of severe anwma are breathless-
ness, fatigue and palpitations Angina pectoris occurs n sbout 30 per cent
{Coombs, 1926; Pickering and Wayne, 1g34), occasionally esen when there
15 no underlying coronary disease Thus the suthor has treated a boy of
17 with pernicious anzmia and angina pectons, and also 2 young man of
21 who presented himself with classical ischemic heart pam due to won
deficiency anzmia resulting from bleeding haemorrhords (Edema may be
due to congestie heart farlure, but 1s more often nutritzonal Itis especally
prone 1o deselop during the first three weeks of blood regeneration 1
Tesponse to treatment of the anamua

Pasoxysmal cardiac dyspacea ot acute pulmonary cedema s rare 2s a
spo‘manmus event, but may arse dunng blood transfuston or sahne m-
fusion, These procedures should not be lightly undertaken in cases of severe
chronic or post-h hagie anmmias p ¥ miclude
the use of concentrated red cells mstead of whole blood, and yenous
pressure lawenng agents, such as cuffs applied to the thighs Trans-
fv:mon should be temporanly abandoned if the venous pressure 15 seen to
Tise appreciably.

Physical signs. A hyperkinenc circulation and peripheral vasodstatation
miay be recognised by the features detailed previously.

A funcnional systolie murmur {so-cafled haemic murmur) at apex of base
ts common, and is probably due to mutral mcompetence resultmg from left
ventrienlar diatation or to the increased velocity of blood flow Functwnal
mutral or sortic disstolic musmurs may also be heard occasionally, earber
observations such as those by Von Noorden {1891), Sahli (1895) and Kraus
{1905}, having been amply and repeatedly confirmed (Goldstein and Boas,

/
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1927) Mitral presystolic or diastolic murmurs are probably due directly
or indirectly to the increased velocity of blood flow, the mechamsm being
almost certainly the same as that responsible for mitral diastolic murmurs in
patent ductus arteriosus, ventricular septal defect and thyrotoxicosis
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 electrocardtogram in anzmia (¢ g Smuth, 1933; Pickenng and
Wayne, 1934), there can be no doubt that sigmificant changes occur in at
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Fig 19 ot—Electrozardiozram shoaing low voltage and flat or inverted T ware 1 alt
Teads 1n a case of permicious anwmia
(8) Before treatment
(b} After correction
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Fig 19 03—Skiagram show ing general cardiac enlargement m a case of severe pernicious
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least a thirdt of cases with hemoglobin values under 4o per cent {Black,
1937) In a consecutive series of twenty such cases analysed by the author,
eight showed low voltage, depressed S-T segments, or flat or snverted T
waves in feft ventricular surface leads or their equivalents As the anzma
improved under treatment these faults were corrected (fig. 19.01). Severa
mstances of bundle branch block have also been observed, bur these have
always persssted when the anzma was cured. Depression of the 8- seg-
ment 15 common following grass hiemorrhage, and is believed to represent
tesmporary coronary insufficiency {fig 19.02)

Fluorascopy X-says often reveal slight enlargement of all chambers of
the heart 2nd praminence of both the aorta and pubmonary artery m cases
with hamoglobin levels below 4o per cent (fig. 19 03)

Necropsy studies have revealed shght increase of heart weight {350 10
4350 G ) 1w the mayority of cases of severe anwemia, and considerable w-
¢ == accasonally {Cabot and Richardsen, 1g1g). Experimental anzm

3 ' b+ porduac hypertrophy at hamoglobin levels of

* e east twvice normal}
atlevefs ot o, ' 930-1), According
to Grunberg (1930}, hypertrophy s ... . when the hzmo-

globin is 15 per cent or fess, and does not oceur at all vwhen the heme-
globin 1s 66 per cent or more

These findings harmonise with the behaviour of the cardiac output in
refation to bemoglobin levels, and there can be httle doubt that enfarge-
ment depends on increased work

Climcal diagnosts Knowledge of cardiovascular behaviouc is af little
value in making a diagnos:s of anzmua, and is of no value at all n deter-
minng the nature of the anzmia. ¥t 18 helpful, however, n differential
dragnosss, especaally between anemua, the anxiety stotes, and bacteriat endo-
carditis ‘Thus, an anxsety state may present with the same group of symp~
toms, inchuding pallor, and there may be cardiac over-action and functional
systolic murmurs The palior, however, 13 due 1o penipheral vasoconstric-
tion, and does not affect the conyunctiva: Ge the mucous membranes, and
it 15 Jess obvious in the palms of the hands; the nail beds tag are mare
tikely ta be eyanosed than pale In aummia, palior is often waxy, chalky,
or lemon unted according to its severity and type. The cardigvascular
dynarnics are quite different Over-action of the heart and tachycardia 1
the anxety states are associated with httle or no rise in cardmc output,
there is penpheral vasocanstriction rather than vasodudatation, and the dhas-
tohc blood pressure tends to be rased in casual readings, the stroke-solume
tends to be reduced, and the pulse may be small; the airculation and venous
pressure are normal :

A type af case that may cause confusion is ane that presents with pallor,
ow -grade fever, petech pl galy, over-action of the heart, and 2
Toud systolic murmur at apex or base. Bactetial endocarditis may be sus-
pected, espectally when there is 2 drastolic basal murmur as well, and the
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pulse 1s collapsing; yet all these features may be due to anzrua alone

Treatment, All cardiovascular changes due to anxma are reversible, 1f
the anemia is treated successfully. Cardiac remedies are rarely required,
apart from urgent measures in the event of acute pulmonary cedema (page
190). The danger of ill-judged or too rapid intras enons infusion has already
heen mentioned.

THE HEART IN PREGNANCY
Physiology. Changes in the cardiovascular system during normal preg-
nancy probably depend upon increased bol: raised intra-abd !
pressure, increase 1t blood volume, and upon the presence of a uterine

Fig 19 o4—El showing ch

assoctated with preg-
nancy

arterio-venous shunt The ovygen consumption 1ncreases by about 20 per
cent, the cardiac output by about 50 per cent, the arteno-venous oxygen
difference 15 decreased, and the pulse rate, pulse pressure, and venous
pressure increased (Burwell et al, 1938) Famtness m the suptne posttion
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
Hot tingling extremities may be a reflection of increased perspheral blood
flow.

Less umportant 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 increase in the size of the heart, occasional
minimal edema, and a characteristic efectrocardiogram showing a pro-
ment Sy and Qj, nversion of T3 {fig. 19 04), and a horizontal frontal
plane vector

The changes desernibed may begin as early as the second month, reach
their maximum at about the end of the aixth month, and are maintamed
to term

‘The nermal heart copes with the increased burden of pregnancy without
difficulty, but diseased hearts may be in grave distress. The chief conditions
that may give nise 1o amuety are those that may affect women of child-
beanng age, namely congennal, rheumatic, thyrotovte, and hypentensive
heart discase, and bactenal endocarditis

CONGENITAL HEART DISEASE

This 15 not hereditary, so there 1s no danger of us transmission to the
feetus

Patent ductus artertosus and patent nterventeicular septum, unless gross,
are no bar to pregnaney, Coarctation of the aorta usually causes htile
trouble, and 1s chiefly of interest because the associated hypertension may
be ken for of preg s tly, b , the aorta has
ruptured Atnial septal defect requires watching Relatively mild cases may
be taken to term safely, but if nght-sided enlargement 18 advanced, preg-
nancy should be prevented, or sheuld be termmated in the first three
months if possible The nse i right aurscular pressure may cause reversal
of the shunt and sudden severe cyanosis, or the increasing stress may pre-
ciprate right ventrscular farlure, which may also cause reversal of the shunt.
Pulmonary stenosss 15 usually a direct bar to pregnancy, unless mild and of
simple vatvular type

RHEUMATIC HEART DISEASE

“There are some who muntam that any woman who has rheumatic heart
disease should be advised aganst having any children, They argue that
pregnancy affects her adversely; that the stran of bringing up childrer
shortens her life, and that her premature death leaves her family stranded
at a critical time Others feel that to forfert so much human happiness O
these ds ts both undesirable and y. Is Itfe so pr I
prolong if so much of its meaning 1s taken away? Moreover, available
madern statisties barely support the first argument. Thus in four combmed
series collected by Jensen (1938), the average age of death in spinsters of
nulliparous women with mitral stenosts was 36 6, in married woren with
families it was 40 3. Agan, Bunim and Rubricius {1948) could find no
sigmficant difference 1 the Ife histories of 169 rheumatic mothers an
215 rheumatic childless women Of course, the childless women may ‘{"”
been advieed agamst pregnancy owsng to the severity of ther condution
<o that the two groups may sot be strictly comparable. there 15 insufficient
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idence on this point, It is certain, however, that many women with mitral
enosis, unaware that there is anything wrong with them, have large
milics and lead normal Lives, until the lesion 1s discovered i later life
The classification adopted by the New York Heart Assoctation 1n 1924,
hereby heart disease in pregnancy is dinided into four grades, has proved
elpful. Grade 1 is symptomless; grade 2 15 subdivsded into those with shght
ymptoms (grade 2a) and those with more severe symptoms, but not yet
aving congestive failure or auricular fibrillatien (grade 2b), grade 3 signi-
es auricular fibrillation or heart failure, past or present No restrictions
re placed on women 1n grade 1. Women 1n grade 3 are strongly dissuaded
om pregnancy, and termination is usuvally advised if they are already
regnant. Women i grade 2 may present more awhward problems
The chief difficulty arises out of the instability of the grading A woman
tarting pregnancy in grade 2a, usually ends 1t 1n grade 2b. If she starts n
rade 2b, she may later enter grade 3. All these cases must be caretully
atched Any tendency towards increase of symptoms js met by increased
°st, even to complete rest in bed. In this way the great majonity can be
€Pt in their original grade. A woman in grade 2a should not be dissuaded
rom pregnancy, but may be advised to limut her family to two or three
Women in grade 2b are usually warned agamst pregnancy If they have
Iready conceived, pregnancy should be termunated during the first three
nonths If gestation 15 already between the third and sixth month, they
hould be put to bed and observed for a week or two If they mmprove
2pidly and enter grade 2a, pregnancy is allowed to i If they do
ot improve, pregnancy should be terminated It must be borne i mmd
hat conditions steadily deteriorate up to the end of the sixth month, so
hat a woman in grade 2b at the end of the fourth month, faling to respond
dequately to sufficient rest, 15 almost certain to enter grade 3 i the sixth
nonth Management of pregnancy after the sixth month when the patient
>1n grade 2b depends upon the history of the pregnancy, and the response
0 rest. If seen for the first time, and 1f previously physically active, such
-woman will surely enter grade 2a with rest 1n bed, and she may be taken
afely to term But if already under observation, and receiving adequate
est, further imp cannot be exp i, and the d strain
f the next three months may well induce auncular fibnllatian or heart
alure She should remarn strctly in bed 1f she improves she may be taken
O term; 1f she remains problematical 1t 15 wise to terminate at the end of
he eighth month; 1f she deterrorates, pregnancy should be termnated as
00n as heart failure or aunicular fibnllation are controlled
In a series of 546 cases of heart disease 1n pregrancy, of which 472 were
heumate, the respective mortality rates for class 3, zb, 22 and 1 were
O per cent, 47 per cent, 0 5 per cent and nil (Pardee, 1934) Hamilton
1947) reported more or less similar figures I a series of 1,335 cases, of
vhich g3 per cent were rheumnatic, When the cardiac findings were favour-
ble (grades 1 and 2a) the mortality rate was 2 per cent and was the same
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as m non-pregnant contsols in the same category; when the cardiac findings
were unfavourable (grades 2b and 3) the mortality was 18 per cent, com-
pared with 6.7 per cent m non~pregnant controls. The infant mortality
was 8.6 per cent mn favourable cases, and 31 per cent in the unfavourable.
When there was auricular fibrillation, the maternal mortality was 32 per
cent {8 per cent m controls), and the nfant mortality was 5o per cent, The
most common causes of death in the unfavourable group were congestive
heart farfure (64 per cent) and embolism (13 per cent). Hammkton also noted
that the mertahity rate had mereased shghely (from 16 to 1§ per cent) smee
termination in the last trimester had been given up No difference in
prognosis between cases of mutral stenosis and aortic mcompetence wis
noted 1 any of the senes menuoned

‘The nsk of pregnancy n rheumatie cases does not end with the bath of
the infant Pulmonary embolism n particular is more likely to occur dusing
the puerpestum

Cases of acuve rheumatic cardutss are probably best termimated as 5000
25 the state of the heart permts, for there 18 no knowing what the sub-
sequent caurse will be, and a relapse later in pregnancy may prove very
serious

When pregnancy s not advised, preventon 1s best insured by a simple
sterthsing of Ter of pregnancy 15 by therap abortion
in the first three months, by abdominal hysteratomy from the fourth to the
sixth month, by induced labour or by Ciesarean section dunng the sevenths
and erghth months, by natural means, or by Crsarean section at term., 7] he
chowce must rest with the obstetrician

BACTERIAL ENDOCARDITIS

Before the introduction of pemcilln, the life of the fictus was the mam
consideration The srtugtion 18 now reversed, however, and every effort
should be made to save the mother As heart failure 13 now the chef cause
of death from bacterial endocarditis, termmation of pregnancy may often
be desreable

THYRGTOXICOSIS

One of the few known factors that may aggravate or precipitate thyro-
toxicosis 1s pregnancy 1t follows that thyrotoxtc women shoutd be :{d\ 1sed
agawnst pregnancy untif they are cured Improvement on rest and fodime,
or 15 2 tesult of thiouracil treatment, 1s not enough, such cases wend 1o
relapse dunng pregnancy At least a year should pass after partial 't*hy'

& ¥ or th 1 cure before p should be consid

If 2 woman 15 thyrotoxic and already pregnant, therapenlic 2
should be constdered during the first three months; if not seen until gesta-
tion 1S more advanced, 1t may be wiser to take the patient to term with I;:c
aid of thiouracst Subtotal thyroidectomy 1s better defersed owing 30 the
risk of relapse The dose of thi il must be the mini that i efec:

hartion
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tive, for there 1s some danger of 1ts causing goutre m the feetus, the simul-
taneous administration of small doses of 1odine or thyroid may prevent this
(see page 493)

HYPERTENSION

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 mild cases can be taken to term  Nevertheless, women
wath high basal blood pressures (above 160/1comm Hg) should be advised
against pregnancy in view of the increased risk of toxemia, the high mfant
mortality (66 per cent according to Browne, 1947), and the chances of
serious aggrasation. For similar reasons pregnancy should be terminated
m women with relatively 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-VENOUS ANEURYSM

Arterio-venous aneurysm may be congemtal (circord) oracquired (usually
as a result of a perforating wound), and may occur in any sttuation, particu-~
larly in the brain, limbs or lung.

CONGENITAL CIRCOID ANEURYSM
Circoid aneurysm consists of a twsted mass of vessels 1n which artertes
and veins are 1 direct communication. One or more superficial heman-
glomas may be seen elsewhere, or there may be a family history of such
nzeni
The cerebral type may give rise to epilepsy, to subarachnoid hzmorrhage,
v e - [N

!
saturatton in samples of blood obtamed from the 1psilateral Jugular vein
The lesion may be localised by means of angiography, 1o to 20 ml of 70
per cent diodone or other radio-opaque substance beng injected rapidly
1nto the carotid artery and skiagrams of the cerebral vessels being obtamed

at the appropriate moment The d should be d hed from
bff“'y aneurysm, and from Sturge’s disease, 1n which facial and p1al nzvi
without arterio-yenous are d with calcil o

brain substance, epilepsy, mental retardation, and glaucoma (Nussey and
Miller, 193g) Treatment consssts of ligation of the common carotid artery
on the side of the leston, if after trial compression hemtplegia or other
senous ischemic symptoms do not occur. The risk of such an untoward
event increases progressively with the age of the patient.

Circoid aneurysm in a b presents simular features to those of 1ts trau-



*Fig 105 (a)—5h showing a aneursem of the lusg.
The appearances bear some resemblance to xhose of pulmenary tuberculosis
(W Angiocardiogram showing diodone Sihing the aneurysm

B e

*Tig 19 ob—Calaification 1n the wall of an
arterio-\enous aneurysm.

» gchnoncledgments 12 Dr. Charles Bares
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matic cousin. it may be situated anywhere from the shoulder or pelvic
girdle to the hand or foot. There is usually an increase in blood flow to
the limb, which may be longer and larger than sts fellow The veins
stand out and may pulsate, and the skin temperature 15 raised It may be
posstble to Jocate the aneurysm with precision by observing the effect on
the Jocal and general circulation of compressing the various arteries of the
limb at appropriate points An impressive machinery murmur and thnitl
may be appreciated over the aneurysm itself. Venous blood from the
affected hmb may be more saturated with oxygen than venous blood from
the unaffected imb. The exact location and construction of the aneurysm
may be demonstrated by means of angiography. Treatment 1s more difficult
than in traumatic cases. Excision is 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
X-ray therapy is usually best.

Congenital arterio-venous aneurysm in the lung causes venous blood from
the pulmonary artery to be shunted directly into the pulmonary veins and
hence into the arterial circulation; at the same time the blood flow through
the rest of lung may be reduced, the steep pressure gradient through the
aneurysm offering the easter pathway. The result 1s 2 lowered artenial
oxygen saturation in the region of 70 to 75 per cent (Burchell and Clagett,
1947), central cyanosis, polycythemia and clubbing Most of the cases
reported have been in children or young adults. Hzemoptysts has occurred
in 50 per cent. The heart itself 1s normal, but there is often a continuous
machinery murmur over the affected part of the lung, A skiagram may show
a shadow not unlike local chronic pulmonary tuberculoss (fig 19 o03a),
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 bilateral Calcrfication may
occur in the wall of an aneurysm (fig 19 06) One case (a gil aged ) seen
by the author died with cerebral abscess (see page 243) The condition
should be distinguished from patent ductus arteriosus helping to correct
pulmonary or tricuspid atresia. Tréatment by lobectomy or pneumon-
ectomy is curative unless there are several widely distributed aneurysms
{Barnes et al, 1948)

ACQUIRED ARTERIO-VENOUS ANEURYSM
The great majorsty of acquired arterio-venous aneurysms are due to
perforating gunshot wounds i war, and are scen most often in connexion
- with the femoral, brachial or carotid arteries. Occasionally they may be
syphilitic, mycotic, or artificial Arterio-venous shunting may also occur i
highly vascular structures, such as the thyroid gland 1n severe thyrotoxi-
cosis or as a result of overdosage with thiouracil (page 493), the uterus in
b
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preguancy (page 507), and the bones 1n actve Paget's disease (page 517).

The local signs and the effect on the general orculation are similar to
those 1 congemtal arcord aneurysm, but will be described more fully
here because most investigations on the effects of arterio-venous shunting
have been carried out on traumatic cases, usually with lesions in the
thigh.

Local signs in the affected timb include fullness of the veins, increase of

skin temperature, and sometimes dema, On the other hand, peripheral

Y symgp may pred and the toes may be unduly cold or

even gangrenous (1n cases of recent origmn}. A gross machinery murmur
and thrill are invariable over the aneurysm The varability of the blood
flow in the affected imb s yudged by clinical criteria has been confirmed
by Cohen, Edholm and others (1948), who found reduced flows distal to
the lesion in two relatively recent cases, and an increased flow in a case of
26 years' duration. The blood flow 1n the unaffected kmbs was nermal.

The general circulation 1s hypetkietie (page §02), and if the shunt is
large enough, paroxysmal cardiae dyspneea of signs of congestive heact
failure may develop 1f the shunt s temporarily obliterated by digital com-
pression of the femoral artery just above the lesion, the pulse rate falls
10 10 30 beats per minute (Branham’s sign), the bload pressure rises 10
to 15 mm. Hg, the venous pressure falls shightly, and the cardiac sutput
falls (Stead and Warren, 1945), but capsllary pulsation is accentuated
{Lewts and Drury, 1923). Slowing of the pulse may be due to the inhibiting
effect of the abrupt although slight fall m night auricular pressure on the
Bambnidge reflex, and 13 sard to be abolished by 2 to 3 mg. of atrope
{Kramer and Kahn, 1946)

Cardiac entargement 15 almost certainly due to the raised cardiac output
and mncreased stroke volume, The total bood volume is also tncreased in
many cases (Holman, 1937) The hyperkmetic circulation is maintaned by
tachycardia and raised venous filling pressuse, whilst the perpheral resis+
tance s reduced by vasodilatation in skin and muscle.

Treatment. Any arterio-venous aneurysm large enaugh to influence the
general circulation should be repaired. Smaller lesions may be left afone
*f causing no local symproms, and some of them become obliterated spon-
taneously. Every effort should be made to repair the artery by lateral suture,
with or without the ad of a covering strip of vein, so that the nor.mnl cir-
culation 1 preserved (Junghanns, 1943). Ligation of artery and vein ?b?‘c
and below the aneurysm is less factory, 1t
through the bram or limb being sometimes inadequate.

THE HEART AND CIRCULATION IN BERI-BERY .
In modern crvilised commumties pure beri-beri is rare, the clm;‘cal
picture being ly inft d by deficiencies in vitamit other than
aneurin (B,) and by associated conditions, especually chronic alcoholism
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Aneurin (thi ), in fation with other comp of the vitamun

B complex, is found chiefly in unpolished rice, Marmute, hver, yeast, wheat,
and other grains. It is used by the body in carbohydrate metabolism, 1ts
chief known function being concerned with the oxdation of pyruvic acd
which is formed from lactate When there 1s insufficient aneurin, carbo-
[ U T . . - d

. R - mn

B ) ' . . n
that aneurin requirements are heavier. When, in addition, the sitamin B
intake 1s reduced at the same time, as in chronic alcoholism, vomiting ot
pregnancy, and thyrotoxic cnises, beri-beri may well develop
The normal requirement of aneurin 1s about 1 mg. dadly for an adult,
and is suppled adequately by the ordinary Europian diet Special ulcer
diets, however, unless supplemented, may be deficient, and psychoneurotic
patients with severe anorexia and vomiting may not recenve a sufficient
supply of the vitamin. Beri-beri was common in German concentration
camps and Japanese prison camps dunng the second world war, although
usually complicated by other sitamin deficiencies, and has always been
relatively common in the Far East when the basic food has been polished
rice
Aneurin deficiency 1s rarely gross 1n civilised communties, and so the
presence of some additional factor is commonly needed before the effects
of slight deficiencies are brought to light. Under these conditions beri-bert
is atypical, for such patients are apt to be middle aged or elderly, and the
classical signs may be masked by hypertension, coronary sclerosis, or
phy Again, although beri-beri especually affects the rnight side of
the heart in pure cases, it will affect the left side if left-sided stress 15 already
present as 1n hypertension, or if the blood supply to the left ventricle 1s
deficient as in occlusise coronary atherosclerosis ‘Thus, 1 these mixed
cases no clear picture of ber1-ber1 develops (Konstam and Sinclair, 1940)
Behaviour of the heart and cireulation The pure disease was studted in
Java by Wenckebach (1928, 1934). The essential features included a hyper-
Xinetic circulation, vasodilatation, enlargement of the nght side of the heart,
and dilatation of the pulmonary artery Few accurate cardiac output studies
have been carried out, but the climical description and the swft circulation
ume (Weiss and Wilkins, 1936~37) leave little doubt that 1t is high. Heart
failure may develop suddenly, and fulminating cases occur 1n which death
results within 24 to 48 hours of the alleged onset of symptoms (Hashimoto,
1937). Even 1n Great Britain, cases have been described mm which heart
failure has d remarkably suddenly and pectedly, leading to a
rapidly fatal sssue (Wood, 1939)

‘The cause of the hyperkinetic circulation is not yet clear. It may result
from the same unidentified mechanism that ensures a high cardiac output to
compensate for tissue hypoia 1n anzmia and anoxic cor pulmonale; but
instead of hypoxta there is faulty carbohydrate metabolism, and the high
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-fava achieves nothing The drop in venous pressu
7 Te~sine of 1l of pitre

. : renaline (Wench
Vi, ., . e directly respor
sible by causing ar arterio-venuus o hmechamsm exis

1s suggested by the sudden rise in pulse rate, venous pressure and cardi
output that may follow the subcutaneous injection of 10 g of mecholi
which 13 known to cause vasoddataton in muscle.

The heart itself shows little specific at necropsy, the dsturbance beu
biochemical, not structural

D; ‘The climieal d of cardi lar herr-beri rests an 2
appropriate dietetic history, the d ion of & hyperk cireut
tton, radiol 1 showimg ¢ i dilatation of the pv

gical aj

monary artery and right ventricle, electrocardsographic evidence of rigl
ventricular stress, the response to pitresstn and adrenaline, associated poly
veuntis, and on the finding of & rawsed bload pyruvic actd or reduce
amounts of anenssn 10 blood (Jansen, 1938, Siaclarr, 1938) ar urine (Harr
et al., 1938; McAlpine and Hills, 1941) .

Penpheral neuritis asually beging with pain mn the calves on satking
symilar 1 character 10 mtermuttent claudication, Associated weakness ¢
the legs, marked tenderness of the calves, numbress and tingling of th
fingers and toes, Joss of deep tendon jerks, and glove and stocking anies
thesia are usually found.

Evidence of deficienctes wn other vitamins, especatly of the vitamia ]
group, s helpful in proving madequacy of the diet

Treatment. 1t must be stressed that the symptoms of bera-ben may beg!
abruptly, and that the course of the disease may be fulminating, deat!
occurnng within a fews days of the onset. Once the dragnosis has been made
there may be no time 10 lose. Agarn, the possibility of sitamin B, deficiencs
shoutd always be borne m mmd 1 any case of heart failure of obscur
engm, especially when right sided  Here is one of the fatal forms of hear
disease which s curable,

The patient should be put to bed immedrately and anerine hydso:
chlonde should be given at once ntravenously in an initial dose of S0 &
100 mg The effect ts dramatic if not gwven too late. Subsequent doses
should be of the order of 10 to 20 tg. per day for a fortnight, orally o
pacenterally, and folfowed by an adequate diet, An abundance of the other
companents of the vicamin B group is also advised )

Fulminatng cases should benefit by repeated ingections af pitressin {r
mt g-houtly) until the vitamun has had nme to work; but care must
taken w mvand hydeema by keeping the salt and water intake as fow a3
possible. )

Chronic alcoholics, cases of sexere thyrotoxicosis, Simmond’s c{iscaic ar
anorexic nervosa, and women vomiting in pregnancy, should he gihven 2 19
3 g of aneunn datly as a precautionary measure.
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PAGET'S DISEASE OF BONL

‘The hyperkinetic circulation assoctated with extensne active Paget's
disease was first clearly demonstrated by Edholm, Howarth and Mc)Michael
in 1945. The general cardiovascular findings closely simulate those as-
sociated with arterio-venous aneurysm. In the case described by Edholm
et al., the blood flow through actively discased bones was estimated to be
3 to 4 litres per minute, and the total cardsac output was 13 litres per
munute. The venous pressure was elevated and there was dependent ecdema
Further observations on other cases of active Paget’s disease have shown
that the heart is not usually overloaded, for it 1s capable of increasing its
output by means of tachycardia or a greater rise of venous filling pressure,
on the other hand, paroxysmal cardiac dyspnma may then occur (Me-
Michael, 1947).

Paget's “diseasc also encourages metastatic calufication, especially
Monckeberg’s sclerosis and caleificanion of the valve rings of the heart
Extension to the interventricular septum may involve the bundle of His
or 1ts branches, with the production of complete heart block or bundle
branch block respectively (Harrison and Lennox, 1948)

Cor pulmonale, secondary to thoracic deformity from Paget’s disease,
has also been described (Wilks, 1869)

Diggnosis If zoruc incompetence and valve calcification are both present,
the clinical diagnosis of Paget’s disease may be overlooked favour of
atherosclerotic aortic valve disease, As long as the condition s borne
mind, however, diagnosis is easy, for skiagrams of the bones show charac-
teristic changes and the blood alkaline phosphatase is very high

HEPATIC FAILURE

It 13 becoming ncreasingly evident that advanced disease of the liver
may fead to a hyperkinetic circulatory state m addition to the well-known
palmar flush and cutaneous sprder nzv: The usual cause 1s secondary
carcinoma, but common cirrhosts and even sertous infective hepatitis may
be responsible. It appears that the liver normally detoxicates some vaso-
depressor substance, and that this substance accumulates when the organ
15 failing: vasodilatation resufts in certam terntonies, such as skin and
muscle, and it is likely that arterio-venous communications open up and
cause an extensive arters shunt. If gnised the may
lead to embarrasstng diagnostic error, the raised venous pressure, czdema
and enlargement of the liver being readily attributed to heart farture.
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CHAPTER XX

TRAUMATIC LESIONS OF THE HEART AND
GREAT VESSELS

SPONTANEOUS LESIONS

PONTANEOUS traumatic lesions of the heart or great vessels 1n-
Scludc dissecting aneurysm of the aorta, rupture of 2 hypoplasic aorta

or syphilitic aortic aneurysm, ruptured valve cusps in bactenal endo-
carditis, rupture of a congenital, syphilitic, or mycotic anenrysm of a sinus
of Valsalva into the right side of the heart, rupture of chordm tendmez
1n theumatic or bacterial endocarditis, and rupture or perforation of the
heart or ventricular septum secondary to cardiac mfarction or ventricular
aneurysm The maydyety ‘of stich lesioni¢ halk been described elsewhere
as complications of the diseases mentioned Oply/dissecting aneurysm and
rupture of an aneurystit of a Sinus_of Vzlgalvadg‘g_m the right side of the

. LN .
heart remain to be considered here! |

DISSECTING ANEURYSM

Definition Dissecting aneurysm was so called by Laennec (1826) and
means dissection of the media of the aorta by extravasated blood that has
penetrated between its 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 include rela-
tively few such deaths, give an approximate incidence of one dissecting
aneurysm in every 450 necropsies. Men are more susceptible than women
m the ratio of 3 . 2 Patients are commonly between 50 and 60 years old,
but 24 per cent are under 40 (Schnikter and Bayer, 1944), and a case bas
been recorded 1n a boy of 15 (Galbraith, Gardner and Hardwick. 1939)
About 50 per cent of dissectmg aneurysms 1n women have occurred during
pregnancy (Schmkter and Bayer, 1944)

Etiology and pathology. Virchow's original conception that dissection
follows an intimal tear at the site of an atheromatous ulcer 1s no longer
tenable, for a tear at such a site is now known to be rare (Shennan, 1934)
Although hypertension and atheroma are usually associated, they are not
essential; the Intima may be normal, and not even ruptured (Tyson, 1931)

Dissection is always within the medta, commonly begins 1n the ascending
aorta, and appears to be closely related to cystic medial necrosis (Erdheim,

1929) The cause of such necrosis 1s unknown, Tyson’s thesis that 1t was
due to obliterative endarteritis of the vasa vasorum has not been con-
521
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fiemed Cystic necrosis without dissection may be found sometimes in
rautine necropsies (Moritz, 1932; Rottino, 1936). Whether hemorrhage
into the diseased media commonly follows an intimal tear, or whether
it comes from the vasa vasorum (the intimal tear then being due to secon-
dary rupture), remains uncertatn When the intima is intact, heemorrhage
obviously cannot come 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 and causing no trouble
{Shennan, 1934)

Dissection may spread provimally and tavolve the raet of the aorta,
causing aoruc incompetence, accastonally the coronary arteries are dis-
sected and occluded Dhssection usually spreads distally, hawever, may
travel the whole length of the orta, and may proceed along any of its
branches Ischmrc effects from occluded visceral or parietal vessels are
common The majority of cases dte from external rupture, usually into the
pencardium, sometimes into the left pleural cavity or elsewhere. Qccasion-
ally, dissection associated with an intimal tear mn the ascending nosta
ruptures back into the lumen of the vessel at some distal point, forming an
alternative or double aortic channel (double-barrelied aorta). This is found
1n the majonty of cases which recover (Shennan, 1934).

Clinscal features. Dissection of the aorta may be precipitated by cffort
(Gager, 1928), and give rise 10 a well defined clinical picture with charae-
tenstic vanations A typical attack begins suddenly with severe pain m‘(hc
centre of the chest or i the praccordial area, The pan may be grpping,
teaning, shaotng, or vice-like, and usually fasts for hours, it may raduate to
the head and neck, to the back—-less often to the arms, Later in the attack
1t may spread to the lumbar regions or abdomen, and occasionally into the
legs, depending on the extent of the dissection, In perhaps half the cases,
howeser, pam 15 shight or sbsent (Baer and Goldburgh, 1945).

Breathl isnearly as as pamn, and syncope is not rare (Ham-
burger and Ferns, 1938). Attacks may therefore closely resemble coronaty
thrombosss, but in cases which survive the blood pressure nsually remains
ngh, and the e} diogram norroal; ., dilatation of the aoria
may often be seen in skiagrams (Wood, Pendergrass and Ostrum, 1933).

Other findings depend upon the site and extent of the dissection, Upon
which branches of the aorta are occluded, and upon the site of cx}emﬂl
rupture Aortic incompetence may develop when the roat of the aorta is d\.S‘;
sected (Weiss, 1935), and 1s being noted with increasing frequency (Dasid
et al., 1947}, myocardual infarction may occur if the-left or right coranaty
artery is occluded, giving rise to the appropriate elcctmcaxdiogﬂf‘h‘c P‘“‘i

tern (Wamwnght, 1944) Pericardial friction is heard occasionally, an
hemopesicardium may be recognised before death.
Dissection of major arteries Icads either to occlusion of theve

ssel, or 1
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P P due to spontaneous periartersal sym-
pathectomy {Weisman and Adams, 1944). Occluston of one or other or
both carotid arteries may cause hemiplegia, mental confuston or coma, of
the anterior spinal artery, paraplegia; of artenies to the imbs, loss of the
peripheral pulse and perhaps ischxmic pain; of the renal artery, hematuna
~~and soon Occasionally, 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
and Paullin, 1937). Left hzmothorax 1s found 1n about 12 per cent of cases
(Baer and Goldburgh, 1948). Hemorrhage into the medtastinum may be
responsible for cough and dysphagta An abdominal mass may become
palpable, Hemoptysts, 1 and 12 OCCUr 0CC: 1

Cases which survive the original dissection may present themselves later
with cangestive heart failure associated with aortic incompetence When
there has been no tistory of pain, such cases have usually been diagnosed
erroneously as syphilitic aortic incompetence, despite negative Wassermann
reactions {Gouley and Anderson, 1940, Flaxman, 1942)

Finally, in differential di: g 1t should be bered that fever and
Ieucocytosis are the rule dunng the first few days, not the exception (Baer
and Goldburgh, 1948).

Prognosis. 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 majonity succumb later to heart failure, erther as a result of
aortic p or from d hypertensive heart disease

Treatment. No treatment is likely to mnfluence the course of dissection.
Morphine should be given freely to combat pain If the patient survives
the mitial attack, he should be kept 1n bed for at Jeast three weeks

RUPTURE OF AN ANEURYSM OF AN AORTIC SINUS (SINUS
OF VALSALY) INTO THE RIGHT VENTRICLE, RIGHT
AURICLE OR PULMONARY ARTERY

Aneurysm of one of the aortic sinuses may be congemtal, syphiliic or
mycotic Rupture of such an aneurysm 1mnto the pericardium or left pleural
cavity 1s immeduately fatal, but perforation mta the night auricle, ventricle
or pulmonary artery leads to a well defined clinical syndrome which may
be compatible with many years of active life

Inaidence. The condition 1s rare, indeed, the author has only encountered
and gated four living C [ cases may oceur m young
adults, syphilitic cases in later life, and mycotic at any age

Physiology Rupture mto the nght auncle causes 2 hugh pressure n that
chamber, overloading of the right heact, and the rapid development of
congestive fulure Samples of blood obtamned by means of cardrac catheter-
isation 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-posterior \iews, showing engorged (b) Second oblique \iew showing enlarge-
A 1 f the ment of the left ventrcle and dilatanion of the
teft ventricle, and resection of the sth nb on pulmonary artersy
the left side {the case having been operated
on for patent ductus )
Fig 20 01—Case of ruptured mveotic aneurysin of aortic sinus nto the pulmonary artery

heart, blood samples and ntracardiac pressures are similar to those in
ventricular septal defect (RAP o, RV.P 17, PAP. 21 oo saline;
SV C.and R.A samples 44 to 45, R.V. and P.A samples 28 ml. O, unsat
per bitre 1n a case seen by the authot.)

Perforation into the pulmonary artery sets up similar features to pi
ductus arteniosus (fig. 20 01) In one such case investigated by the auther,
due 10 a perforated mycotic aneurysm from bactersal endocarditis (cured
by pemeillin), samples from the nght auricle and ventricle showed 67 to
70 ml oxygen unsaturation per litre, whereas pulmonary artery samples
were only 33 to 36 m] unsaturated. The mean right ventricular pressure
was 40 10 43 cm of saline above the sternal angle, and the pulmonary
artery pressure plus 86 cm,

Chmcal features. Pain may occur from involvement o
or other coronary arteries, but is otherwise absent. Th
signalled by the rapid development of congestive heart failure,
necessanly. The two cases mentioned above were by no means incapact-
tated, and had bath hved seven years since the onset.

The chief signs are a loud machinery murmur,
aver the base of the heart, but at a lower level than t

atent

{ the otifice of ort
e onset is vsually
but not

fed by a thoth
hat associated with
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patent ductus arteriosus; accompanied by signs of aortic incompetence
and by features resembling those of ventricular septal defect or patent
ductus according to the site of the perforation

Prognosis, Rapid deterioration to a fatal outcome s said to be the rule,
(Abbott, 1919), but this may be because the diagnosis 1s usually only made
at autopsy. The author's four cases are not only aline but relatively well

EFFECTS OF DIRECT INJURY
Directinjury to the heart may be caused by stab or gunshot wounds, and
sery rarely by diagnostic procedures such as needling the pericardium The
literature ‘on the subject has been well surveyed by King (1941) and by
Barber (1944).

GUNSIHOT WOUNDS

A bullet or piece of shrapnel may perforate the heart through and
through, may lodge in the myocardium or percardum with or wathout
pgrforan’on of one or more chambers, or may graze the surface of the heart
without causing death In an analysis of 25 instances of war wounds 1n-
volung the heart, made 1n conjunction with Nicholson 1n 1943, the relative
incidence of such lesions was as follows:

Near misses . .
Grazes or tangential wounds
‘Through and through perforation
Foreign body 1n pericardium
Foreign body in myocardium

NN

Of 1,630 consecutive penetrating chest wounds treated at Nicholson's
centre, the heart was directly or indirectly myured 1 17 per cent. The
iate result1s h pertcardium and the rapid development of cardiac
tamponade If a foreign body passes clése to the heart or lodges within half
an inch of its surface, a transient 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 metathe
foreign body remarfis i the heart.

The chief lication during I 1S recurrent acute peri~
carditis this s nearly always associated with the presence of 2 foreign body
either 1 the pencardium or closely connected with 1t (Wood, 1945), 1t
rarely arises when a bullet 15 embedded deeply 1n the myocardium. The
attacks tend to be severe, with patn, fever, tachycardia, gross electrocardio~
graphic changes, and the rapid development of a sterile serous effusion
which may cause cardiac tamponade. They usually last about a week. The
first attack Tnay occur at any time during convalescence up to about three
months after the injury, 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 finally recovered, three without interference and two after removat of
the foreign body by Nicholson (1943).

A second plication is coronary th during conval <
shen a pericardial foreign body is lodged in contact with a major coronary
vessel, but this was observed only once -

Intravascular foregn body has been deseribed on page 438,

Dragnosis. The possibihity of cardiac mjury should be considered in all
cases of gunshot wounds of the trunk or neck, especially if the missile is
judged to have been directed towards the heart, or if its drrection is rot

known for certain. Eatly diagy depends upon recognising the signs of
cardiac tamponade or h P dram (page 345). An electrocatdiogram
may be most helpful by showing the presence or absence of the pericardiol
Y, pattern,

Intracardiac or pericardial foreign body may be readily detected by
means of flucroscopy, but may be easily overlooked 1n skiagrams

Treatment It 1s ympossible to say how many hves might be saved by
early surgieal repair of cardiac wounds In the second world war the
majonty of recognised cases survived without such early repair, or at least
Iwed fong enough to be d to general hospitals; they were tt
all relatively favourgble cases,
and the great majority re-
covered.

Rehef of cardiac tamponade
by paracentesis may be Ife-
saving, both in the easly stages
or during » fater attack of
acute  pericarditis  Metallic
foreign bodies lodged in the
pencardium are best removed
in view of the danger of re-
current pericardis  Although
none of the attacks witnessed
proved fatal, the eprsodes were
most  alarming. Intracardiac
foreign bodies should probably
be removed if superficial, and
Yeft "alone if deep.

Praguosis. Only one
tnenty-five patients ment

of the
ioned

Pig o oa—Skiamram showing mach previously dued, but as already

et embedded the wall of the vt grpipd these were tavourable
. .

e cases in that they had surived

until evacuated to a general hospiral.
Follow-up studies are incomplete, but the worst case,
of recurrent pericarditis and a machine gun bullet embedder

with three attacks
d in the wsl
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of the right auricle (fig: 20.02)
was alive and well two years
after being wounded.

In 1937, the author had
the opportunity of investigat-
mg a healthy man with a
machine gun bullet embed. -
ded in his heart since 1917
(fig. 20.03). This case was
reported 1n detail by Grey
Turner (1941). On the whole,
1t seems likely that the ulti-

mate fate of these patients IS Tug 20 03-Skiagram showng mache-gun bul-
favourable. . let embedded 10 the heart since ro17 (see text)

STAB WOUNDS OF THE HEART

Durect injury to the heart in civil Iife 15 usually due to single or multiple
stab wounds, the majonty of which penetrate the right ventricle The
clmical, physiological, radiological, and electrocardiographic features of
cases which have survived long enough to receive medical aid have been
.chlcﬂy those of hamopericardium (Wood, 1937) Death from hzmorrhage
into the pleural cavity or from cardiac tamponade may be prevented by
timely surgical reparr.

Even when patients appear to be holding their own, it 1s probably wise
to evacuate the blood clot and to repair and sterilise the wound as soon as
possible, for hzmorrhage may continue or recur, and sertous cardiac tam-
ponade develops 1n most cases
Moreover, 1f tamponade 1s un-
releved too long, acute coronary
insufficiency may seriously m-
parr the function of the myo-
cardium, and when 1t 1s finally
relieved, death may result from
acute heart failure The develop-
ment of a bulge on the left
border of the heart, simulating
the appearances of ventrnicular
aneurysm, should not deter the
surgeon, for this 1s kkely to
prove no more than a locahsed
pericardial  hzmatoma  (fig.

Fig. 20 04—Tocalised perscatdial hematoma
superficuaily resembling a cardiac aneurysm 20 O4)
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EFFECTS GOF INDIRECT INJURY

indirect injury to the heart may be caused by crushes, blows, falls or
blast. The effects include sudden death from ventricular fibrillation or
standstill, rupture of the zorta, rupture of one or more chambers of the
heart, rupture of the aortic or mitral valve, hemopericardium, myocardial
bruising, auticular fibrlation and heart block Coronary occlusion and
subsequent angina pectons of cardiac infarction may also oceur, but their
relationship to trauma is less well understood

SUDDEN DEATH

A heavy blow to the region covenng the heart may cause sudden death
from ventricular fibrillation or cardiac rupture, both naturally and expen-
mentally in dogs (Bnght and Beck, 1935)

There have been numerous mstances of sudden death resulting {rom
relatively minor trauma of 2 kind quite incapable of damaging the heart
The catastrophe 1s then ascribed to ventricular fibrillation induced by
neurogeruc shock Sudden immersion in icy water may act i this way,
extreme fright, a blow over the heast insufficient to cause material damage.
Two factors seem important in these mstances. a certain diathesis which
used ta be called status lymph , but which is probably more related
to suprarenal function, and a ventnicle prone to fibrillation, as elderly
subjects, or m those with subchimeal coronary artery disease. This type of
death 18 simarfar to that which may be caused by asmall pulmonaryembol}sn
m experiments in dogs the size of the embolism being quite insufficient
to embarrass the crenlation, and death being prevcmable by atropinc
"The mechanism 1s probably a vagal reflex. It is possible that sentr teular
standstidf may be responsible, rather than ventricular fbnitation, but
experiments favour the latter

Rupture of the aorta 1s more lkely ta occur from 2 fall, especrally if there
1s congenital hypoplasia as \n many cases of coarctation Hemorrhage 15
usually wito the pleural cawity or pencardium.

RUPTURE OF THE HEART

Rupture of one or mare chambers of the heart following trauma > not
atways immediate, nor does it always cause sudden death A m)“"““%”'
bruise may result in cardac aneurysm or delayed rupture, usually dusing
the second week, as described by Bright and Beck, These authors colfected
over 150 cases of traumatic rupture of the heart from the litcraturt, an
found the icidence of the various chambers involved to be as follows’

Left ventncle . <37
Right ventricle . . 3
Left auricle . - .. 30
Right auricle . . . .o
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Aore than one chamber . R &
Intenventricular septum . | 11
Interauricular septum . I

Tt will be appreciated that this distnbution 1s very ditferent from that seen
with spontaneous rupture secondary to cardiac tnfarction, when the left
- ventricle is nearly always responsible.

The latent interval was also studied by Warburg (1938) It occurred n
15 our of 51 cases proved at necropsy. A small tear may behave simularly
t0 a direct penetrating wound that causes delayed death from hzmopen-
cardium, usually within a few days A bruise may rupture atany time withtn
six weeks (Barber, 1938), or occasionally after a longer wterval Cardrac
aneurysm resulting from a bruise may rupture years afterwards (Joachim
and Mays, 1927).

During the quiescent phase the patient may seem relatively well, any
dismmfon being attributed to the bruise on the chest, and he may continue
his normal activities, including sport (Priest, 1939) In other cases symp-~
toms may result from hazmopenicardium or from any of the other effects
to be described presently.

Diagnosis. 1f the patient is seen alne after cardiac rupture, the signs and
symptoms are those of heemorrhage into the penicardium or pleural cavity
The combination of collapse, rapid thready pulse, and a high jugular yvenous
pressure from cardiac tamponade, is 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 accident may not be mentioned, for it may not
appear to be connected with the llness. If the possibility of previous trauma
Is considered, the diagnosis 1s usually obvious

Treatment. Immediate surgical repatr is the only hope of saving hfe.

HEMOPERICARDIUM

Symptoms and signs of pericarditis with or without hzemopericardrum
(page 355) are relatively common after indirect cardiac trauma, partrcularky
perhaps after blast injury They provide useful evidence of cardiac damage,
but do not necessarily mndicate its nature Surgical mterference 1s only
warranted if there 1s tamponade, which usually sigmifies cardsac rupture or
serious coronary hzmorrhage Many cases have recovered spontaneously
(Smith and McKeown, 1939)

MYOCARDIAL BRUISING
Crushing of the chest, direct blows over the heart, and blast may all
cause myocardial contusson, the chnical prcture resembling that of myo-~
cardial infarction, including the ch isticel drograph
or heart failure without pain (Barber, 1940; Barber and Osborn, 1941)
ITtis of iderable interest and medico-legal importance that following
a direct blow in the praxcordial regton, €lectrocardiographic changes may
N

change:
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occur which are indistinguishable from posterior 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 kind of effect will be considered more fully
later.

The chuef danger of myocardial contuston 1s delayed rupture, as pre-
viousty described .

Treatment consists of rest 1n bed for s1x weeks, semi-starvation, a low
sodium 1ntake, mersalyl if necessary, sedatives, and avoidance of digitalis.

RUPTURED AORTIC CUSP

Indirect trauma sometimes ruptures an aoruc cusp. There may or may
not be underlying aortic valve disease, congenutal or acquired, The lesion
results 1n the abrupt develop of aortic i p which throws
a heavy burden upon an unprepared left ventricle, so that falure of that
chamber 13 likely to ensue

The dagnoss 1s suggested by the sudden onset of orthopnees, patoxys-
mal cardiac dyspticea, or pulmonary cxdema, following a serious fall or
other violent accident, and is confirmed by the discovery of a foud, harsh,
sometimes musical, aortic dhastohie murmur, often accompanied by a thnll,
especually if the valve was known to have been normal previously.

The prognosis may be good if the patient survives the immedate insult,
but death from heart fmlure within srx weeks 15 a grave nisk (Barber, 1938,
1944) Treatment consists of six weeks' rest in bed in order to allow time
for adequate compensation, and may have to be directed towards combat-
wng left ventricular failure It must be understood that a degree of aortic
ncompetence which would be well tolerated and consistent with years of
active Iife 1f 1t had developed slowly, may cause death from acute heart
farture when 1t occurs abruptly; just as acute hypertension may cause feft
ventreular failure and pulmonary edema, whereas much tugher pressures
may be tolerated when developing slowly 1 benign hypertension

TRAUMATIC MITRAL INCOMPETENCE

A severe fall, or sudden blow over the heart, or other violent accident
may occasionally rupture chorda tendinez or tear one of the mitral cusps,
particularly if already diseased. The lesion is rare, but there are many wc.ll
authenticated instances {Barber and Osborn, 1937) A climcal diagnosis
- T oo o v —resent
when
. . nce of
previous theumatic valve disease, and f confirmatory signs of organic

mitral incompetence develop, e.g mitral systolic thrill, left ventricular
. . AR - B R T R L 2k
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later (Barber, 1938) On the other hand, the accidental discovery of symp-
tomless mitral mncompetenice attributable to trauma need cause little alarm,
such cases behaving like' rheumatic mitral incompetence with a healthy
‘myocardium.

HEART BLOCK

‘There have been a number of instances of asphyx:a in which heemorrhage
has taken place around the bundle of His with resulting heart block Several
cases have been seen at necropsy by the author, and a good example was
observed during the r940-1 London air raids

A woman of about 35, known to have been 1n previous good health, was
rescued in a partly asphyxiated condition from beneath a lot of debris Examina-
tion shortly afterwards revealed not only complete heart block, but also gross
signs of hemi-Parkisomsm, presumably due to hemorrhage nto 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 asphyxiated
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 experi-
mentally in dogs (Kissane, 1937) Hzmorrhage into the conducting system
15 presumably responsible The leston may be transient or permanent, the

ding on the p or absence of Stokes-Adams fits, and

upm\ the rate of the ldloventncular pace-maker; but on the whole 1t 1s
fauly good, provided there is no more serious myury, and prowvided the
heart muscle 1s sound

AURICULAR FIBRILLATION (OR FLUTTER)

Several cases of aunicular fibrillaton caused or precipitated by blows
have been reported (Kahn and Kahn, 1928), particularly in the elderly
(Barber, 1938) Bramwell (1934) records a case in which auricular fibrilla-
tion was probably imitiated by a head injury, and Hay and Jones (1927)
describe one due to electric shock

The mechanism whereby head injury may cause auricular fibrillation 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 2 form of sinus
bradycardia due to vagal mnfl which 1s d with paroxysms of
flutter or fibrillation In experiments on certain ammals, fibrillation may be
nduced by vagal stimulation Not only head mjury, but also menmngs,
Méniére’s syndrome, and probably other intracrantal disturbances may
excite this rhythm change

CARDIAC INFARCTION AND ANGINA PECTORIS
As already described, myocardual contusion may give rise to chmeal and
clectrocardiographic features simular to those of myocardsal infarction, and
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may also result in cardiac rupture or aneurysm. There appears to bea closer
relationshup, however, between trauma and ischamic effects. For example,
an anterior wnjury to the chest may cause a posterior left ventricular Jesion
chinically mdistingusshable from a cardiac infarct, and classical angma pec-
tors may develap for the first trime immediately after trauma (Campbell,
1939). Moreover, the subsequent coutse of these cases may be that of idio-
pathic tschiemic heart disease. It 1s possible that blows, crush injuries, and
blast may pure the anterior coronary vessels, either by causing subintimal
hamorrhage in an atherosclerotic artery, or more directly, and thus cause
acute caronary occl or bosis. After such an event
subsequent angma pectoris would be readily understood Great care must
be taken in dxagnosmg traumatic angma howev er, for many persistent
chest pamns following mjury rep

Treatment conststs of three to s1x W eeks restin bed, followed by one to
three months’ convalescence, to allow time for the development of adequate
collateral vascularisation The prognosts depends upon the degree of under-
lying coranary disease, as well as upon the amount of damage inflicted. On
the whole 1t is nat dissitralar to that n ischemic heart disease in general.

y thr

MEDICO-LEGAL ASPECTS

Employees are entitled to compensation if it can be shown that trauma
has tmtiated or aggravated a cardiovascular disability. Even a case of syphi-
hue ancurysm that ruptures dunng the course of v ork receives compensa—
uon Pauents with established heart disease may deteriorate after an acei-
dent, and this aggravation is equally compensated. The benefit of doubt 15
always grven to the patient, and 1n a court of Law or a tribunal st is difficult
to convince a judge or president that trauma has not adsersely affected the
cardiovascular system. Yet a firm stand must be taken over the develop-
ment of cardiac Left infr y pam (s especially liable to
become persistent and mtractable if linked to the 1dea of compensation,
and the physician must be prepared to make a categorical statement to the
effect that this 18 not organic and ss not due to the acerdent- that its orign
Ties 1n the rind and tn the emotions, and its growth runs parallel with the
conscious or subconscious desire for gam.
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CHAPTER XX1

CARDIOVASCULAR DISTURBANCES ASSOCIATED
WITH PSYCHIATRIC STATES

HE cardiovascular system may be profoundly mfluenced by psy-

chological or psychiatric states through the medium of the auto-

nomic nervous system. The stimulus 1s emotional, and appears to
act on the central vegetatnve nucle: i the region of the hypothalamus We
are all familiar with the uncomfortable thudding of our hearts dunng
moments of fear, and most of us have witnessed a famnting attack provoked
by the sight of something which is at once queer and frightening The
physiological 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 activity 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 oo transtent and too famuliar to disturb a normal individual More-
over, in psychiatric states such symptoms may be persistent or may be
provoked too reacily The syndrome so produced has been called “sol-
dier’s heart”, irritable heart, disordered action of the heart (D A H.), car-
drac neurosss, effort synd bal neur latory
asthenia, etc Such terms should be discarded 1n favour of the correct
psychiatric diagnosis, but the words “effort intolerance” may be added
with advantage, preferably in brackets, when chncally mportant His-
tonically one may speak of Da Costa’s syndrome to cover all previous
nomenclature (Wood, 1941)

The syndrome 1s characterised by a group of symptoms which unduly
limit 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 autonomic
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 syncope (35 per cent) The cardmal signs are those of func-

uonal disturb. of the resp ¥ 3 ans
systems The psychatric disorder 1s commonly an anxiety state, but may be
almost anythmg with ligh 1 content, including the psych

. It should be understood that there 1s no essential difference between
effort syndrome” and “cardiac neurosis”, they are merely clothed differ-
535
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ently, the former in battle dress, the latter in artificial sslk. In civil life the
condition accounts for 10 to 15 per cent of all cases referred to cardio-
vaseular chinees; it is common 1n chuldren, and occurs more often in women
than n men, the ratio being 3:2. It has a preference for the emotional
races, especially the Jews and the Italians, In the first world war there were
some 60,000 “effort syndrome” casualties in the British forces; in the
second a more enhghsened view was taken, the majority of these cases
recewving appropriate psychiatric fabels and management

CLINICAL FEATURES
The cardinal symptoms and signs have already been mentioned; they
will now be discussed in more detail
Breathlessniess. These patients experience a true sensation of breathiess-
ness in circumstances that would not affect a normal person. It is not
only a question of breathlessness on effort, but pattents will say they are
unable to obtamn a satisfying breath, or that they feel a sense of suffocation,
and this 13 confirmed objectively by frequent deep sighs. Sometimes they
complain of attacks of noctural dyspneea which may be canfused with
branchial asthma or with p { cardsac dysp careful questi
ing, however, should reveal their psych ic nature, especially by
probing the precipitating anxety dream, and by unmasking the associated
panic state, Further evidence of functional respiratory disorder may be
obtamed by noting hurried, irregular, and shallow breathing A simple and
luminating test is forced hyperventilatian. The patient is asked to breathe
deeply and rapsdly for one minute. A normal individual experiences diza-
ness, and sometimes shght tingling of the fingers and toes. When told to
stop he passes into a state of apnoea lasting about 26 seconds. The psy-
choneurouc, especially the hysterrc, d ises his subjectiv i
and when told to desist usually continues forced breathing, explaining later
that he feft breathless Since dizziness and tingling of the extremutics are
due to vasoconstriction induced by carbon dioxtde washout, it is clear that
such psychoneurotcs experience breathlessness when the carbon dioxide
content of the arterial blood 18 30 low as to cause apneea in controls. Th.:
respiratory stimufus must therefore come from higher centres, The maxi-
coor e ‘ < 3s€et e Neormal subjects have no
ids; but patients with
H o per cent of them i
Tess than 10 seconds, moreover, in contrast to controls, they show tte
distress when they reach the breaking-point
Palpitations. Cardiac lting from tional
plays an important rdte in the induction of cardiac neurosis. Itisa cum;:mn
psychiatric event for some intangible fear to becurr}e finked to somet l;!ﬂ
mote easily understood and remote from the real difficulty. For examp C"
a psychoneurotic with a morbid fear of heights may deselop palpitation
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when ordered to climb 2 ladder. If the idea that palpitations may denote
some disorder of the heart occurs to him, he at once embraces the possi-
bility, and proceeds to advance the theory in all serfousness, for 1t disguises
his true fear which might be thought shameful, and protects hum from the
danger. Although a successful defence mechanism in these two respects,
the manceuvre 1s baneful because 1t provokes a new fear: that of heart
disease and sudden death; this new fear aggravates the palpitations, and
50 closes a vicious circle.

The palpitations of ansiety states are assocrated with sinus tachycardia,
elevation of the blood pressure, increase in cardtac output, and probably
with strengthening of the heart beat. These features are due essentially to
emotional stimulation of 2 normal adrenergic system

Fatigue. Patients often complain that they do not feel refreshed when they
wake in 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 1s usually attributed to anxiety dreams and to emotional con-
flicts,

Left inframmary pmn. Psychosomatic pain 1s usually situated m the left
mframmary 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 n quality; but occastonally 1t 1s constricting or cramp-
like. Although pain may occur dunng effort, 1t 1s more frequent after-
wards, it 1s also common at mght and may prevent the patient sleeping on
the left side; sometimes 1t 15 capricious and bears no relationship to any
known factor. Sharp twinges are y, and acute h-like pain
may last several minutes, but the classical ache usually conttnues for hours

1t thus usually differs from angina pectoris 1n 1ts eccentric site, in 1ts quality,
1n its relationship to effort, and 1n 1ts duration; 1€ 1 every 1mportant
respect Occasionally, however, as may be inferred from the description
. gwen above, psychosomatic pam may be situated near the left border of the

sternum, referred to the left arm, constricting tn quality, and measured in
minutes. In such cases 1t may well be misinterpreted There 15 usually some
odd remark, however, or something in the patient's manner, which should
warn the physician 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 ph d and
when elaborated

Left inframmary paim 1s important because 1t seems to convince the
pattent that his heart 1s diseased, and 1t 1s not unnatural that he should
thintk thus of a pain arising so close to 1t In the psychoneurotic this creates
2 morbrd fear of death and catastrophe. and so closes another vicious
arcle.

The exact mechamsm of the pan 1s obscure, It 15 immedsately abolished
by thei of 2ml of at the site of maxi
intensity or tenderness. Cutaneous or subcutancous anasthesia has no
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effect This indicates that it 1s not referred, but arises locally in muscle or
fascia, and suggests that it is refated to “fibrositis” and low back pain
It may be initiated by fatigue or stram of respiratory muscles in cases with
respiratory neurosts, by strain of certam 1 h involved
in such actions as cranking an engine or ifting a heavy weight, by incessant
minimum trauma from the hight hammer-blows of an overacting heart,
or by faulty posture. It 1s exaggerated and perpetuated by the belief that
it anises 1 the heart. .

fzai) i means y f: transient
“hight-headedness™, or a “far away feeling”. It does not refer to spinning
as in vertigo. It may occur on sudden movement of the head, on standing
up abruptly, or during effort It 1s readily reproduced by hyperventifation,
when it is attnbuted to cerebral vasoconstriction, Orthostatic dizziness is
refated to orthostatic hypotension, and 1s due to inadequate circulatory
adjustments on assuming the erect posture. It is probable that other forms
of dizziness are also due to dimimshed cerebral blood flow induced bv
autenomic disturbance Transtent loss of consciousness due to temporary
failure of the cerebral circulation occurs at one time or another in 20 to
30 per cent of these cases.

Sweating. Sweaung s a helpful diagnostic feature, because in the majority
of instances 1t is confined to the axille, to the palms of the hands, and to
the soles of the feet These are emotional sweat areas. Thermal sweating,
and that induced by cholinergie drugs, have a different distribution, being
much more widespread Sweating associated with effort may begin emo-
tionally, but 1s soon thermal Thyrotoxic sweating is 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 involved other
causes should be considered Undue sweating is mentioned or admteed
by 8o per cent of these cases, and is seen objectively in about two-
thirds.

H

m

fache. Headache 15 2 plaint (72 per cent), and 1s eithet
vague or throbbing. In assessing the reality of the physical basis of the
throbbing type 1t is helpful to ask the patient to count the throb a)oud‘, or
better, to tap out the thythm digatally while the observer checks this against
the pulse rate: in true vascular headache they must coincide; in hysteri2
they do not. Unilateral carotid compression is also useful, for it abolishes
vascular headache on the same side, but st esther aggravates or has no effect
upon hysterical pain. Throbbing vascular headache may be induced by the
intravenous injection of 1 mg. of histamine, or by trnitsin or amyl nitate
in some cases It is closely iated with exag  pul oF the
cercbral artenes (Pickering, 1939). It 15 seen clinically not only in the
anxiety states, but also in fevers, and 1n acute alcoholism It oceurs spoft-
taneously in migraine. Improvement depends upon better autonomic
regulation, which in turn depends upon P of the under-
Jying anxiety state.




Fig 21 01—Classical facies, build and posture of a case of Da Costa’s syndrome Pamnted
by lan Tillard (ife-size portrart m the museum of the Post-Graduate Medical School
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 convemence.

Generat -
Tense, dejected, or diffident manner
Dull, weak, ot listless, facies
Soft, quiet, titmd voice

Cardiovaseutar
Tachyeardia (30 per cent)
Overaction of the heart (44 per cent)
Blood pressure 1n the region of 150/90 mm Hg (27 per cent above)
Deceleration time over 2 munutes in effort tolerance test (33 per cent}
Acrocyanosis {44 per cent)
Flushes (36 per cent)

Respiratory
Frequent deep sighs (32 per cent)
Rapud, irregular, or shallaw hreathing, occasionatty hy perentiation {zx per
cent)
Inabulity to hold the hreath for 30 seconds (76 per cent)
Dyspneea nstead of apnea after forced breathing

Sudomotor

Vistble sweat on the paims of the hands (67 per cent)
Sweat trickting from the aultz (35 per cent)

Skeletat ard Muscular
“Tremor of fingers usually coarse, irregular, and mconstant (20 per cent)
Shakiness of vosce and limbs
Asthenic posture or poor physical development {41 per cent)
‘Tenderness in area of left inframmary pain

A lfe-sized portrant of one of these patients {fig. 21.01) hangs m the
Uibrary of the Postgraduate Medical School of London and surpasses any
description. The effort-tolerance test consists of stepping on and off 2 charr
ten times, and counting the pulse rate before, ymmediately after, and sub-
sequently at minute 1ntervals unti the resting speed is regained. The de~
celeration time)s abnormal (over 2 minutes) in 33 per cent of these p:'mcms

Physical signs of autonomuc disturbance are helpful in distinguishing the

- malingerer, and i assessing the severity of the case. About go per cent of
normal young adults do not show more than one of these signs, and 50
per cent show none.
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PSYCHIATRIC ASPECTS

Although the syndrome described may occur 1 any psychuatric state
with high emotional tone, it is usually associated with an anxiety state
In many there are hysterical features, and a large number show reactine
depression.

The family history is tainted with psychoneurosts m 50 to 6o per cent,
compared with 5 to 10 per cent 1n controls with or without orgamic heart
disease. About 66 per cent describe neurotic traits i childhood morbid
fears, especially of the dark, of heights, of water, or of animals, are frequent,
bed-wetting, stammering, tics, mightmares, sleep walking, and undue deh-
cacy of health are common. They are timid 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 gy mnastum

itis probable that predisposition to psychoneurosss 1s mainly hereditary.
but early environmental factors, such as domestic strife, wsecunty, sup-
pression, and maternal coddling, play their part

There are many factors wiich may operate to bring about the adult
syndrome, and 1n any particular case one should never 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 endog factors, for p
agents, for the growth of vicious circles, and for motines for g:un that
aggravate and perpetuate the syndrome Proper assessment, management,
and prognos:s are impossible 1f any \ml link 1s overlooked

H, and envir ion have already been dis-
cussed The mind 1s especially prcpared for the development of psycho-
neurosis when in a state of confusion and unreality He:ld mjunes effect
this, certain acute fevers are often responsibl fever,
influenza, memingitis, and diphthera; long hours of work 1n unpleasant and
unhappy surroundings may be to blame

Precipitating factors are often multiple It 15 as 1f one or two could bs
coped with, but when several occur one on top of the other, mental equi-
Iibrum disintegrates They are usually closely linked with fear i some
form or another. The most obvious example 1s active service, hence the
high mcidence of the dlsorder mn war Fear of football, and fear of swim-
mng are i d, and may | anxtety at school

The fear of being unsuccessful, of not being able to shoulder responsibility,
1s 2 common cause of breakdown in aval life Insecunty or fear of the
future is also common The adoption of a ine of action contrary to estab-
lished social custom may cause an anviety state due to fear of discovery
and public cntasm  Difficult personal relationships, especially between
husband and wife, are often responsible Sex difficuluies are mmportant,
but should not be over-emphasised Financial worry, unemployment, and
fear of disease play therr part To a timid sensitive character, the fear of
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being found out, of being thought a coward, of being proved inadequate,
of seeming a fool—~and so of losing cast, is 2 very real and powerful emo-
t1onal stimulus N
The development of vicsous circular patterns is interesting. In this par-

ticular syndrome most vicious aircles have a common basis, and revolve
round the fear of heart disease and sudden death, The combination of
breathlessness, dizziness or syncope, fatigue, and especially palpitations
and feft inframammary paw, provides convincing evidence of heart disease
to the lay mind Al these symp which are psvch ic in mechan-
ism, may be produced by simple anxiety, and may disappear rapidly as
soon as the anviety 15 resotved. But if the patient takes the fatal step snd
believes that they ace due to heart disease, a vicious eirelz is at once estab-
hshed, for a new and greater fear develops: that of sudden death at any
moment This constant anxiety, operating consciously or subconsciously
every second of the day and rught, increases the seventy of the psycho-
sOMatie symp Under these ci the syndrome is maintained
long after resolution of the onginal anxiety Superimpased upon this pat-
tern or mdependent of 1t, there develop varous and often complicated
conditioned reflexes. untid finally distressing avtonomic reactions are S
mgramed and so dworced from conscious thought as 1o be practically
ineradicable Correct medicat mterp ton of early psyct ic symp-
toms s of the utmost 1mportance in the presention of these pesnicious
grooves The doctor who musinterprets 2 boy's fear of water and accepts the
pallor and palpitations as signs of heart disease, who mistakes feft infra-
M e - . e . L T e
m

a

1s also responsible for turming s patient into a chronic and incurable
psychoneurouc. Exven so, 1t may be comforting to hnow that medical blun-
ders of this kind will mfluence only 36 per cent of apparenly normul
individuals, the great majonty adversely affected showing evidence of pre-
disposition

Finall, there 1s the motsve for gan This 1¢ seen in compensation neurd~

s15, and in war 1t 1s obvious at every medical board. The inadequate persatt-
ality of so many of these patients caprtalises the symptoms What rimid
man, mdifferent to higher 1deals, will face the dangers of battle, when the
very symptoms of s fear offer tum protection?

DIFFERENTIAL DIAGNOSIS
‘The characteristic symptoms and signs associated with psychiattic dis-
order usually make the diagnosis easy. The physical features have been
stressed because the psychiatric state may not be obvious unnl the mind
fus been deeply probed. This is well shown by comparing the conclusion®
drawn at the special im estigation centres for “effart syndrome’ during the
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first two world wars: at Hampstead in world war I, where hittle attention
was paid to psychiatry, not more than 10 per cent were considered psycho-
neurotic; at Ml Hill in world war I, a psychiatnic basis was proved in
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, bemgn hy pertenston, and chronic
bronchitis.

Thyrotoxicosis may present difficulty to the inexpenienced. The com-
mon mustake is to diagnose an anxiety state as thyrotovicosts, rarely the
reverse. The difference is fully considered on page 481 and 485 Particu-
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
pains being mistaken for joint 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
induced attack should prevent error The 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
diagnosis depcnds largely upon the h:story and cannot be proved or dis-
proved by the d ration of p: osts 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 y
subacute bactersal endocarditis, deﬁcncncy of &he vitamin B group, and
certain endocnine disorders—especally 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 is never easy, and 1s the more difficult the longer 1t 1s delayed
Fatlure 15 certain 1f any essential factor 1n the development of the syndrome
15 overlooked, so that a great deal of time must be spent on these patients.
Simple reassurance and some superficial explanation are quite madequate
Flrst the patient must feel that at last he has met a doctor who thoroughly
ds his case; dly, a complete physical 10, supported
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by fluoroscopy and an electrocardiogram, 1s necessary, so that ke will
respect ditional reassurance. Adequate explanation must follow, and
will vary according to the chief symptoms. The object is to convince the
pauent that the symptoms are emotionally produced. One may point out
how sudden fear causes palpitations, sweating, alteration of breathing, and
sometimes a famnting attack He will agree with this, but may object 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 years; a state called anxiety. This step s difficult, but
the pomnt must be carned Cotrect nterpretation of anxiety dreams is of
value n d ing the power of sub Enligt

and conviction may come suddenly 1f psychosomatic disturbance on some
particular occasion or under certain specific circumstances can be explained
in the hight of emotional experience

For example, a patient at Mill Hill gave a hustory of a morbid fear of fireworks
m his boyhood, condioned by London aur raids in his infancy. Otherwise he
was fit and strong He was called up 1n September 1939, was sent to France, and
remained well unts! told one day to unload an ammunition torry. On handling
the shells he became cuniously pame stricken, developed gross psychosomatic
symptoms, and mos-nterpreted them, thinking they meant heart disease. A
vicious cirele was imtiated, he reported sick, and finally arrived at a base hospital

with an established “effort syndrome”™ When the hink between his fear of
[T D Y B M L.

all other explostves was unabated. Treatment had only been directed towards
the removal of effort intol, by abolishing the mismterp and vicious
crcle that intiated and maintained 1t

As a rule, howeter, 1t 1s not enough to reassure and give an adequate
explananton, for by the time the patient consults a physician the syndrome
18 usually highly complex, and conditioned reflexes are well ingramed. To
cut across such reflexes and vicious circles, one may encourage the patient
to come to better terms with his symptoms. He fears them because he
thinks they are mjurious, and may result in sudden death. He must be !olf‘l
they are harmless, that they can never be more than a nmsance, that he i<
already famdiar with the worst they can do. Once he apprecates the fact
that if he no longer fears his symptoms he will cease to aggravate them, the
pont is scored

1f there 15 an hysterical motive for gain 1t must be mentioned, and .thC“
ruthlessly underlmed It is remarkable what little insight these patients
have, and disconcerting how little shame.

The methods so far outlined do not touch the underlying psychoneuro-
sis, and the real treatment has yet to begin. The patient may be referred to
a psychiatrist, or if the causative factars seem clear the physician may prefer
to deal with them himself. There are always three things to consider: the
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difficulties in which the patient is floundering, his reaction, which 1s based
on his character and intelligence, and his attitude towards his reaction
The difficulties should be taken first, sorted out, and resolved as far as
possible, The help of social welfare workers may be enlisted 1n this respect.
The patient’s reaction should be analysed, and some psychiatnic skill and
knowledge are required to do this. It is often possible to show that his
reaction is based on false values, ideas, or beliefs. Or one may simply
explain just why he so reacts, in order to give lim insight It 1s impossible
to outline precisely just what is required, for every case 1s different, and
needs individual treatment. If the problem has no satisfactory solution,
and if 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 in the dark recesses of the nund, highly personal matters
PR o . B

Ry B e RN
;'Hlmly, ure nﬂckgrounu must De assessed, viln suong Heleurldl y vadis
and bad early environment, the outlook is poor, and the aim should be to
fit the patient into circumstances which will cause the least embarrassment
This is a confession of failure. At the other extreme, if the stock 1s good,
and if there is no evidence of predisposition, and if this 1s confirmed by
the severity of the stress of anxiety causing the breakdown, every effort
should be made to cure the patient. In other words, one should deal with
ghe environment when the prognosis 1s bad, and with the patient when it
is good.
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a ware (venous), 170
m sunicular fibnllation, 19
1 heart block, 122
m heart farlure, 170
normal, tg
a wave (venous), gant*
in pulmonary hypertension, 462
1n pulmonary stenosis, 229
1n tricuspid Incompetence, 304
m tricuspid stenosis, 229
A C. interference, €8
Abdominal compression and venous pres-
sure, 169, 171
n Thy 421

Albuminuna, 21

in heart failure, 21, 22, 174

1n hypettension, 433

m nephritis, 433
Alcohol, 326

In angina pectons, 371, 381

1 beni-beri, 14
Alkaline phosphatase, 517
Alkalosts, 1 hypert entilation, 200, 536

\aso-constriction 10, 536
Allergic myocarditis, 314, 315, 318
Allerge shock, 311
Alphatocapherol (itamn E), 384
Al

Accelerator nerves, 109
Accession wave, 6;
Acetyl- Bmethvl-choline (mecholin). 138,

510
Ac:t)l-:holme. 138, 199
Acidosss, 200, 463
Acrocyanosis, 540
ACTH, 275
Acupuncture, 189
Acute (see 1tem required)
Adams-Stokes syndrome (see Stokes-
dams), 122
Adenorna, feetal, of thyroid, 486
Adenomatous gontre, 479, 436
Adherent pertcardium, 351
rheumatic, 3
Adhesions, pleumpcncardlxl 165
Adrenaline
action of, 111, 205, 326, 462
inadrenal medullary tumour, 417,421,422
1n allergic reactions, 338
m angina pectoris, 326
in bers-ber, 516
1n bronchual asthma, 473
1n cardiac asthma, 190
n airculatory faure, 314
1n heart block, 124
msensitivity 1n myweedema, 496
1n myocardial nfaction, rgo, 407
overdosage, 326
m paroxysmal hypertension, 421
1n Stokes-Adams syndrome, 124
and ventnicular fibrillation, 150
Adrenal cortical tumour, 436
Adrenal medullary tumour, 421-2
Aur, curmplemmtal 17
reserve,
residual (see Emphysema), 17
Aur embolism,
m cardiac catheterisation, 16

of the pulse, 166
of the QRS complex, 167
Alttude, anoxemia and, 201, 374
Amnophylline, 1n angina pectoris, 382
in asthma, 573
1n cardiac mfarction, 407
1n Cheyne-Stokes breathing, 190
1n left ventricular fatlure, 190
1n pulmonary embolism, 455
Aminothiazo!, 492
‘Ammi visn2ga, 382
Armmonium chlonde, 185
Amphibrachic metre, 163
Amvyl acetate, 13
Amyl nitnte
action of, 382
10 angina pectoris, 381
in diagnosis of murmurs, 8, 224, 283
Anacrotic pulse 3. 300
Anzmia, 22, 50:
and angina ptcmns, 374, 593
in bacteral endocarditis, 331, 506
cardiac output, 155, 156, 503
arculation, 503
clinica) features, 503
diagnosis, 506
electrocardiogram, 504
fatty degeneration of heart, 502
heart 1n, 502
heart fatlure m, 155, 503
murmurs, 503
in myxeedema, 496
edema, s03
pulmonary edema, 503
in rheumatic fever, 259
treatment, 507
venous pressure, 153, 503
X-ray, 506
Anapestic metre, 165
Anasarca (see (Edema), 172

¥ 2
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Anatomy of
aortic valve, 61
conducting system, 108
coranary artertes, 387
heart chambers, 235, 26
left atrial appendix, 216
pulmonary artertes, 14, 32
putmonary valee, 242
pulmanary veins, 33, 23§
surface markings, o
Aneunn (thiamune) 1 beri-ben, 515
mn thyrotoxicosss, 401
Aneurysm (and see Sy philetic anewrysm)
arteniavenaus, 511
berry, 2t
carduac (see Cardiac ancurysm), 44, 397
404, 529
circord {congemitat), sk
myocatic, 3
of pulmonary artery, 475
syphilitic, 35064
Aneurysmal difatatson. of
Tefy aurscle, 284
pulmonary artery, 212, 218, 475
Angina nnocens, 377
Angina pectons (and see Jscheme heart
disease), 374-86
in adrenalin overdosage, 336, 408
n anamua, 503
m aorttc tncompetence, 366
1 dortic stenosis, 269, 166
1 aurscular Gbedtation, 147
n aurseutar fAutter, 142
bload pressure m, 375
clincal features, 373, 178
contributory causes, 373
course, 380
decubstus, 322, 376
diagnoss, 376, 377
daet, 381
effort test, 378
electrocardsogram, 378
enology, 370, 374
in bypertension, 375, 420
hypotic test, 378
10 1solated myocardins, 338
n mitral stenosss, 204
n myxadema, 407
pain, 375-6
m paroxysmal tachycardia, 132
pathology, 372
phynology, 374
prognosis, 380
n pulmonsry stenosts, 229
at vest, 384, 408
sex incrdence, 370
sudden death, 150
susgical treatment, 385
in syplulitic aortitis, 366
thiouraait for, 385

INDEX

Angina pectorss (contd }
in thyrotoicoss, 495
traumatic, 532
treatment, 322, 380-5
1n women, 370
Angiocardiography, 3t
1 aneurysm of astta, 360, 362, 363
i arterio-tenous aneurysm af lung, 513
in coarctation of aorta, 209
n Eisenmenger’s complex, 245
n Faliot’s tetralogy, 238, 242
1n mediastinal tumour, 362
an mtral stenosss, 289, 290
1n patent ductus arteniosus, 234
n pulmonary atresia, 250
n pulmonary stenosss, 234
in supertor vena caa obstruction, 360
s syphalitic sottitss, 364
16 transposition, 250
1 tricuspid atresia, 250
Angioneurotic cedema, 173, 338
Angiotonin, 419
Amons, 65
Anomalies - congenstal, 203251
Anomalous feft coronary artery, 20§
Anoxerua
cardide output, 472
electrocardiogram, to1
Anoxic
pulmanary heart disease, 464-74
syncope, 201
tachycardia, 115
test for angmna, 378
Antero-posterior dizmeter of the heart, 34
Antbiotics, 336-9
Anti-coagulants mn
acute cotanary msumuency, 184
bactenal endocarditis, 3;
cardiac infarction, 406
thrombo-embolic states, 454
Anti-clockwise ratation, 23, 83, 83
n bypentension, 426
Anti-hsstamine drugs i
asthma, 473
pemodln usnicana, 338
streptomy en vertigo, 339
Anti-spasmodics, 435, 4
Ann-streptococeal hzmnlpm titre, 257,

Anxsety state (see Cardiac nenrons), §35-45
Aorta (and sce Aortre)y
abnormaities (X-rays), 38
atherosclerosts, 373
calafication, 38, 39, 358, 365, 374
coarctation, 39, 206-13
dextro-ponition, 236, 244
dilatation, 38
disseetion, 32¢
hypoplava, 42
anking, 474
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Aorta (contd.)
medial necrosis, 521
promumnence, 38, 298, 429
nding, 236, 244
Tupture, 528
tortuosity, 3
unfolding, 39, 298, 429
Xeray, 38-42
width, 35
Aortic (:ncur) sm (see Aneurysm), 38, 359~

3
Aortic arch, dexelopment of, 206
double, 207
nght-nded, 42, 236, 242
Aoruc area, g
Aortic atresia, 207
Aortic cusps, rupture of, 530
Aartic diastolic murmur (snd sce Aortic
tncompetence), 295
functional, 424, 503
1n rheumatic carditis, 270
Aortic dustolic thnli in:
bacterial endacarditis, 331
perforated cusp, 331
ruptured cusp, §30
syphils, 364
Aortic incompetence:

atherosclerotic, 303
bacternal, 330
clinical features, 295-8, 364
1n coarctation of the aorta, 209
congenital, 212
diagnosis, 298
in dissectmg aneurysm, §23
mn Eisenmenger’s complex, 244
electrocardiogram, 208
fanctional, 424, 503
bypertensive, 424
pathology, 294, 364
rhysiology, 204, 295
prognosis, 209
pulse, 206, 297
rheumatie, 270, 294-9
syncope n, 194, 196
syphilitic, 364-366
traumatic, 530
Aortic 1sthmus, 207
Aortic knob, 26
Aortsc knuclle, 26
double, 209
Aortic notch, 20
Aottic pressure curve, 205
Acrtic regurgitation (see Aortic incompe-
tence), 204-9
Aottic ring, 364, 424
Aottic smus, perforation of, 229, 5235
Aortic stenosis, 299-303
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angma pectons i, 299~300
atherosclerotic, 303
blood pressure, 301
calaific, 61, 3o2-3
clinscal features, 299-301
congemital, 212
electrocardiogram, 301
ettotogy, 302-3
pathology, 299
physiclogy, 299
prognosis, 303
pulse, j00
rheumatic, 299
syncope 1n, 194, 299
X-ray, 301
Aortic systolic murmur
in gortic Incompetence, 364
In aortic stenosts, 301
functional, 281-3, 487, 503
Aortic systolic thuill, 301
Aortic vahe
anatomical site, 61
bicuspid, 209
calofication, 61, 30,
disease (see Avmc mcompetence and
stenosis)
\ascutanty, 258
Aortic valvulits, 270
Aortitis (syphilitic), 35868
Aortography, 200
Aorto-pulmonary septum, 206
defect of, zo4, 523
Apex beat (and see Cardiac impulse)
definition, 6
displacement, 6
fixation, 351
Apical systolic murmur, 273, 280-2
Apncca
In Cheyne-Stokes breathing, 167
post-hyperventilation, 536
Arachnodactyly, 216
Arbonisation block, 90
Arm-to-lung time, 13, 163
Arm-to-tongue time, 12, 31, 161
Arrhythria, sinus, 169
Arsenic, 367
Arteries, palpation of, 3
structural changes of, 419
Arterial oxygen saturation, 17
m eyanotuc states, 177
in Eisenmenges’s comples, 245
sm Fallot’s tetralogy, 242
1n heart failure, x90
1n masstve pulmonary embolism, 455
1n mitral stenosis, 285
1n pulmonary heart disease, 462, 472
1n reversed nteratrial shunt, 234
rise of, 1n oxygen tent, 242
Arterial puncture, 17
Arterial pulse waves, 20
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Artenogrant, 20
3 1 1) )

{see
374 419
Arteno-yenous aneurysm, 51i~14
acquired, 513
cerebral, 511
congenital, 311
peripheral, 311
pulmonary, 513
traumatic, §13
treatment, 513
Asterso-venous shunt (i), §13-54
artersosyenous aneuryst, 514,
atnal sepra) defect, 216, 218
beni-beri, 516
congenttal heart disease, 204
hepatic disease, 517
Pager's disease, 517
patent ductus, 223, 237
pregnancy, sa7
thyrotosicoss, 486, 493
ventricular septal defect, z2t
Arthus phenomenon, 258
Aschoff node, 258
Asates
1 heart faiure, 172, 174
1n Pick’s disease, 349
1n tricuspid disease, 366
‘venous pressure m, 371
Asphy«a, electrocardiogram n, 192
Asphyxial hemorrhage, 531
Asthenic posture, 540
Asthma
bronchial, 464
cardiac, 160
treatment, 473
Atheroma, 3724
Atherosclerous, 1724, 419, 433
Athlete’s heart, 35, 110
Atresia
aoruc, 207
pulmonary, 237, 2.
Atmal {see Auriele or Aunmlar)
Atna) septal defect, 213~20
anmiozardiography, 220
arachnodactyly 1n, 216
bactenal endocarditis in, 220
cardrac catheterssation, 218
chimcal featuses, 216
electrocardiogram, 218
cmbryology, 213
hemodynamucs, 216
mardence, 216
mueral stenosis m, 216
prognosts, 220
treatment, zzu
X-r3v, 52, 21
Atmphy of the hem, 18
Atropss
and chnlmemxc drugs, 138
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arz-

Atropine (contd )
»n digitalis powsoning, 148
1n heart block, 133, 118, 271
msensitn ity (in myxedema), 456
tntrayenous dose (maxunum), 118
in nodal rhythm, 117
1m paroxysmal cardac dyspncer, 190
10 pulmonary embolismm, 449
in sino-auricular block, 1ts
syncope, 197
vagal parafysis from, 110
Aural vertigo, 200
Aureomycin, 330
Auncle, left (and see Left aurcular)
aneurysmal dilatation, 5o, 52, 284
appendage, 26, 216
dilatation, 49-$2, 288
expansile pulsation, 283
hypertrophy, 2!
and left bronchus, 293
10 Jeft ventncular fatlure, 47
1n Lutembacher's syndrome, 218
m mtra) incompetence, 283
i mura) stenosis, 47, 288
and oesop}xagus, 47
X-ray, 26, 4
Auricle, nght (and see Right ourienlar)
dilation, 59
n nght sentsicutar farture, 175
1 tricuspd incompetence, 304
n tricusprd stenosts, 307
X-ray, 257, 59
Aurcular ecropics, 127
Aunevlar fibnllanon, 145-50
age and, 1
angina pectons and, 147
10 aortic valve discase, 147
n atrial septal defect, 218
n bacteral endocarditss, 147, 331
circus movement, I4S
clincal features, 1
1n congemtal hcan dxsusr.- 147
1n congestive fallure, 147
dagnosss, 147
m digitalis intoxication, 322
digitalis therapy, 147
n diphthensa, 313
mn electric shock, 531
electrocardiogram, 145
embolism in, 150
etiology, 147
“f* waves, 145
n head injunies, 531
heart block 1, 145
hypertensive, 424
incidence, 147
nanfections, 147, 149
qugular phlcbogram, 19, 170
1. contractions, 145
M contractions, 143
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Auncular fibnllation {contd
mechanism, 145
in Mentere's syndrome, 531
n memngtss, $31
in mutral stenoss, 293
n myvocardial infarction, 389
m myocardis, 147, 312, 317
10 normal hearts, 147
Torovysmal, 137, 487
physinlogy, 145
1n Pick's disease, 147, 349
0 preumanta, 147
n pregnancy, 149, 599
promosis, 147
1n pulmonary heart discase, 147, 462
quinidine therapy, 148
n theumatic carditss, 273
syncope in, 147
thyvrotoxie, 487, 489, 492
traumatic, §31
treatment, 147
m tricuspid vale disease, 304, 307
“aal, 113, 531
venous pulse, 19, 170
i1 Wolff-Parkinson-Whte syndrome, 141
Auricular flutter, 151-5
angina pectorts i, 142, 408
cIrcus movement, 141
climeal featuses, 142
n congestine farlure, 142
diagmoss, 142
digtalis therspy, 144
electrocardiogram, 142
etrology, 142
“f waves, 142
first heart sound, 142
heart block 1n, 142
hypertensive, 525
madence, 142
m infections, 142
1n rsolated myocarditis, 321
L contractions, 145
M contractions, 145
mechanssm, 142
1n mutral stenosts, 293
im myocardial infarction, 389
m mvocardis, 317
m notmal hearts, 142
physiology, 142
Prognosis, 14§
m pulmonary heart disease, 124, 462
quinidine therapy, 145
traumatic, 531
treatment, 1443
“apal, 113, 531
Auncufar gallop, 164
Auticular leads, 73
Auricular pressure (normal), 213
Aurtcular pulse wave (see a wave)
Auricular septum, 213
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Auricular sounds, 164-4
m gallop thytbm, 1655
n heart block, 120
Auricular tachycardia, 1326
Auncular T wave (Ta ware) 7%
Aunculo-ventricular  black  {sex  Heart

block), t17-24
Auriculo-ventnicular node, 108
Auscultation, 7-10
Auscultatory gap, 4
Austin Flint murmur, 296
Autonomic imbatance, 27, 535
Autonomic nersous system {see | agal) 110
Axis deviation, 85
Ayerza's disease, 474

Babcock’s aperation, 363
Back pressure theory, 154
Backward tilting of the ape, $62
Bactenal endartentis, 330
1 coarctation of the aorta, 211
1n patent ductus, 227
Bacterial endocarditis, 3309
acute, 330
anemia in, 331, 332
n aortic incompetence, 29, 330
m aottic stenosis, 303, 330
n atrial septal defect, 220
in suncular fibriltation, 331
bacteria free stage, 335
bacteriology, 330
1 biscupid zortic valve, 212
blood culture, 335
Bracht-Wachter bodies, 331
chnical features, 331
clubbing, 333
n coarctauon of the aorta, 211
In congenital heart disease, 330
course, 335
diagnosis, 335
differential diagnosis, 506
embolic nephrits, 334
embolism, 333
etiology, 330
n Fallot's tetralogy, 243, 244
fever, 331
hematuria, 334
hepatin therapy, 336
incidence, 331
feucocyte count, 22, 332
malignant, 330
in rutral valve disease, 294
myocarditis, 331
mycotc aneurysm, 333
nephritis, 335
Osler’s nodes, 333

pentalin therapy, 337-8
perforation of aortic sinus, 331
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Bactena) endocardstis (contd )
petechuz, 332
prognosis, 335
n pregnancy, s10
pulmonary embolism, 333, 445
sn pulmonary stenosis, 231, 243
renal lesions, 334
retmopathy, 334
1n theumatic heart disease, 294, 330
splenomegaly, 332
subacute, 330
subarachnowd hemorrhage, 337
sulphonamides 1n, 336
mn syphilitic sortic incompetence, 330
treatment, 336-9
uremis, 336
urine, 334
1n ventricular septal defect, 223, 330
Bambridge reflex, 110, 112
N aFtENO-VENOUS aneurysm, 514
1 heart fallure, 130, 198
Ball valve thrombus, 193
Ballistocardiography, 21
Bandaging the limbs, 311, 200
Barium chionide 1n heart block, 124
toxic effects of, 326
Barium swallow, 27
Basal metabolic rate, 22, 488
 heart failure, 23
m leuharnia, 489
m myxeederna, 496
n thy fotosicosss, 488
Basal rafes, 160
Basal systolic murmur, 281-2, 301-2
Basophit turmour of prtuitary, 436
Bayley'’s tnanal reference system, 81
Bazett's formula, 79
Bed, carduac, 179
Bed-pan, calling for, 449
Bed-rest 1n angina pectons, 384
causing plebothrombosis, 446, 454
n diphtheria, 313
1n heart failure, 179
n myocardial infarction, 406
n rheumatic cardins, 275
Deer.drinker’s heart, 326
Bell stethoscope, 7, 8, 2
chgn hypen:rmon (\ec Hy pertension),

Benign pencardms, 354

Benzodioxan, 421

Benzaic acid, 338

Ben-ber, 502, 514~16
adrenalin n, 516
slcohol and, 534, 515
artenovenous shunt m, §16
cardiac output, §02, 515
clinical features, 502, 515
dagnosis, 516
electrocardiogram, $16
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Beri-ber: (contd )
etiology, §14-15
hamodynanmics, 502, 515
meidence, 515 .
pathology, 516
perpheral neunitss, 516
physiology, 515
pitressin 1a, $16
in pregnancy, St
1n thyrotovicosts, 491, §15
treatment, §16
X-ray, 57
Bernheim's syndrome, 425
Berry aneurysm, 211
Bicuspid aartsc valve, 209, 212
Bigerinal pulse, 129, 130
Bilharzia, 461
Bilirubin, blood (i congestive failure), 175
Bing's test, 244
Bipolar leads, 68
Busteriens pulse, 300
Brsmuth (n syphilis), 367
Blalock-Taussig operation, 243
Blast myury, 355, 529
B LB mask, 455
Blood calcum, effect on electrocardiogram,
79, 326
Blood cholesterol
m 1scheernic heart disease, 373, 381, 385,
497
m myxeedems, 496, 497
10 thyrotowucous, 488
Blood count, 22
n heart failure, 175
Blood culture, 335
Blood gas analysss, 16
Blood potassium (see Potassuom), 326
Blood pressure (and see Hypertension), 3-5
M 2NgIna pectoris, 374, 375, 429
1n aortic incompetence, 295, 297
1n aottic stenosis, 301
N arteriovenous aneurysm, 514
m atherosclerosis, §
m auricular fibrillation, 4
ausculatory gap, 4
basal, 5, 416
11 cardiac compression (tamponade), 344,

343, 348
and eardiac output, 178
casual, §, 16
clinical assessment,
in coarctation of the aorta, 208, 211
n esrculatory failure, 314
n congestive failure, 178
in constrictive pencarditis, 349
1m coronary thrombosis, 389
diastolic (normal}, §
difference in two arms, §
1n ectopic beats, 4
in exsential hypertension, 422
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lood pressure (contd )
m heart block, 122
hgh (sce Iy pertension), 436-40
n left ventncular falure, 160
in legs, 5, 208
low (see Hjpotension), 5, 195, 196, 311,
314

lowering agents, 18¢, 437, 439
mean, 5

measurement, 3-5, 416

1 myocarduat infarction, 389

m myxaedema, 497

normal, §

1n obesity, 416

in patoxysmal hypertension, 42t
in patent ductus, 223

n penicardial effusion, 344
physiology, 420

1n Pick's disease, 349

posture and, 5

n psychoneurosss, 540

1n pulmonary embolism, 448, 349
in pulmonary heart disease, 465
1n shock, 311

systolic (normal), 5

1n syncope, 1947

i thyrototicosts, 494

Blood volume
n acute nephnss, 171, 327
10 anemia, 173, 503
1n congestive fatdlure, 173
n nephritic cedema, 173
Bloodless venesection, 195
Blows over the heart, 528-32
Blue baby, 204, 236
Bohn's sign, 223

Bone, d of (1n
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158-60,

Breathlessness {sce  Dyspnera),
53
Dught's disease (see  Flypertension and
Chromic nephrinis), 418, §22-40
Hioad diameter, 34
Broadbent's sign, 353, 352
Brock's operation
for Fallot's tetralogy, 244, 308
for mitral stennus, 308
for pulmonary stenosis, 231
Bromides, £30, 437, 491
Dronchsal artenes
1 Fallot's tetralogy, 236
hemorrhage from, 434
1n pulmonary atresta, 250
Bronchial asthma, 464, 465
treatment, 473
Bronchial comptession
from ancurysm, 360
from left surtcular enlargement, 293
from pericardual effusion, 344
Bronchial spasm, 190, 473
Bronchial vemns, 161
Bronchicctasts, 464
Bronchitis and emphysema, 464, 465
treatment, 473
Bronchitis 1n matral stenosis, 293
Broncho-pulmonary anastomosis, 236, 250
Bruit (see Murmur)
Bruit de gallop, 166
Druit de Roger, 222
Buerger's disease, 372
Bulbus cordis, 229
Bullet i pulmonary artery, 458
10 heart, 525-7
Bundle branches, 108
Bundle branch block, 1257
nl!ematmg, 12
anatomy,
1n atrial sepm defect (nght), 218
clinical features, 126

4
blood flow (in Paget’s disease), 517
Bone mairow culture, 335
Boot.shaped heart, 429
Bowles stethoscope, 8
Brachul arteries, examination of, 3
Bracht-Wachter bodies, 331
Bradycardxz (sce. Sums doads cardia), 112

124

atropine, effect on, 113, 1
and rarseular Sbmilation, 143
[ cardiac tnlargcment m, 35, 113

m heart block, 1.

n simo-aurieuar block, 114~
Brain (see Cerebral) o
Brandy (see Alcohol)

Branham's sign, 514
Breath-holdng tosts 418, 536

312
electrocardiogram, 9o-3

etiology, 12!

expertmental, 1

n farmbial cardmmegaly {left), 205
functional, 138, 218, 451

gallop shythm 1n, 126

histology, 125

1n hypertension (left), 429
Lymography 1, 125

left, 90, 12

1 mitral stenosis (right), 290

1n myocardial anfarction, 392, 397
m myocarditis, 318
nomenclz(ure, 125

paroxysmal, 1

1n paroxysmal tnchycardna 128
partal, 126, 218, 290

pathology, 125
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Bundie branch block (contd.)
physiologrcal, 139
prognosis, 127
n pulmonarv embolism (right}, 45t
m pulmonary heart disease (nght), 467
night, 93, 126
sphit second sound 1n (nght), 1o, 126,

n syphihitic aotuc mcompetence {left),
€

35
transient, 126, 451
Bundle of His, 108
hranches of, 141
talaficanion of, 120, 517
fbros:s of, 120
hzmorrhage into, 120, 531
Bundle of Kent, 141
Burns, 195

C wave of phlebogram, 19, 170
Cachevia - cardiac, 174
Cmsarian section, S10
CafTeine, as disreti, 185
Calarfic aoruc stenasis, 302~3
Calarfication of (or m)
aneunysm, 363
aota, 38, 30, 358, 365 374
aorue vabve, 61, Jo1, 517
artenies, 374, 517
coronan arteries, 374, 367
gortre, 485
mtral alie, 63, 284, 517
Paget's disease, §17
pencardium, 61, 349, 352
Calesum (blood)
effect on Q-T intenal, 104
pluconate for errculation time, 13
lactate i aneurysm, 363
Campbell de Morgan's spots, 332
Cannon waves, 118, 120, 170
Capilfary
blood pressure, 362
electrometer, €5
fragihity test, 332
permeability 1 cederna, 173
pressure, pulmonary, 462
Capsilary pulsation, 3. 297
in sartic incompetence, 297
In afteros CNOUL aneurysm, 514
10 cor pulmonale, 465
i hyperkinetic airculatory states, 502
1n thyrotoccosts, 487
Cz;u!lar\ resistance test, 332
ty [-choline
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Carbon monoxide poisaming, 102, 408
Carcinoma
embolic, 458
perrcarchal, 354
phiebothrombasis 1, 36
Cardiac accelerator nerves, 109
Cardrac aneurysm, 403, 495
electrocardiogram, 391, 404
traumatic, 529
Xeray, 54, 397
Cardiac asthma, 160
Cardize atrophy, 38
Cardiac bed, 179
Cardiag cachevia, 174
Cardiac cathetensation (in), 13-17
atrial septal defect, 218, 234
Eisenmenger's complex, 245
Fallot's tetralogy, 242
heart failure, 154
left ventricular failure, 160
mitral stenosis, 285, 292
patent ductus, 227
patent foramen ovale, 213, 234
pulmonary stenosis, 231, 232
transposition, 246
\entricular septal defect, 221
Cardiac char, 179
Cardiac airrhosis, 192
n Piek’s disense, 348
m tricuspid disease, 306
Cardiae  compression (sce Cardiac tam-
ponade), 345-9
syncope m, 194
Cordiac difatation {sce¢ Canfiac enlarse-
ment’
Cordiac displacement, 35
Cardiac dullness, 7
in emphysema, 4€§
m penicardial effusion, 345
Cardiac enlargement {generald, 61
1 anazma, 506
n atteriovenous aneurysm, 514
1 athletes, 35
in bradycardsa, 35, 113
congemital, 205
dragnosis, 321, 348
mn fever, 2
n heart block, 122
w heart fasluce, 175
n 1solated myocardius, 318
m myxedema, 497
n nutntional cacdiopathies, 321
m pregnancy, 508

doryl), 138, 200
Carbon dioxide
and cerebral bleod flow, 200
1n Cheyne-Stokes respirations, 167
in hypersenulation, 536
retention {in emphysema), 464

cardyts, 266
n slrmvaurlcuhr block, 115
spunous, 35, 38
in thyrotoxicons, 483
0 toxic myocarditts, 317
Cardnac farlure (sce Congestr e farlure), €54*
191
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Cardiac impulse (see Aper beat), 6
heaving, 424
hyperdynamue, 222, 424
wmpalpable, 216, 465
tapping, 216, 237, 286
thrusting, 223, 424
tumultuous, 218
Carduac infarction (see Myocardual mfare-

tion]
Carduc msufficiency (sec Congestree heart
fature), x54-01
Cardiac measurements, 34
Cardue negro, 474
Cardiac nerves, 109, 386
Cardiac neuross, 535-45
and anzmia,
differential diagnosss, 542-3
etiology, 535
Pychiatne aspects, 541
and rheumatic fever, 276
Hgns, 540
symptoms, §36-8
and thyrotoxicos:s, 481, 4835
treatment, 543
Cardaac outpue, 15, 154
N an@mua, 502, 503
0 artersos enous aneu ysm, 51
n brady cardsa, 113, x?s s
in beribers, 515
™ congestive heart failure, 154-7
on exercise, 16
1 heart block, 122
igh, 155-6, 503
I left ventricular fature, 15860
Tow, 154-5 !
Measurement of, 15
In mitral stenosis, 285
Normal, 16
I Paget’s disease, 517
M pericardial effusion, 344-5
Physiofogy, 110, 154, 409
m Prck's disease, 349
in pregnancy, a7
th pulmonary embolism, 447, 4356
0 pulmonary heart disease, 464
In syncope, 1937
™ tachycardia, t1o-12, 132
 thyrotavicos:s, 480, 48
Carduac rotation (see Ro
Catdiac rupture, 404, 528
Cardac standstil, 115, 195
Cardiac syncope (sce Symeope), 193-4
Cardac tamponade, 345~5
rom direct injury, 355, 526, 527
from dissecting ancurysm, g2z
m hemopericardium, 355
from inchrect inury, 529
m malignant pericarditis, 354
from perforated infaret, 504
and syncope, 194

Cardiac tamponade (contd }
in tuberculous pericarditss, 353
Cardiac vector, 8o
Cardiolyyrs, 351
Cardio-omentopexy, 3186
Cardio-thoracic ratio, 34
Cardivss (sce \vocarditis)
rheumatic, 28557
toxec and other forma, 311-28
Cardophylline (see Imumaphy tine)
‘arey-Coombs murmur, 270
Caronamide, 338
Caroud artery
examnation of, 3
Kanking of, 423
tortuosity of, 422
Carotid compressson (bilateral), 201
Carotid pulsation, 169
Carotrd sinus pressure, 118
i auncular flutter, 133, 142, 144
#nd cardiac standsull, 115, 196
i heart block, 123
m paroxvsmal tachyeardia, 132-1, 137,

13
physiology, 196-7
n smus tachveardia, 111
Carotid sinus syncope, 166-7
Cations, 65
Cellophane treatment of aneurysm, 364
Cerebral anoxia, zor
Cerebral blood flow, 166, 200-1
n hypertension, 422
n hyperventilation, 200, 526, 520
in pulmanary heart disease, 4{5
1 syncope, 193-6
Cerebral embolism, 1€, 243, 333
Cerebral hemorthage, 433
Cerebral symptoms i heart fatlure, 174
m hvpertension, 422
Cerebral syncope, 197, 200
Cerebral thrombosss, 434
Cervical sympathectomy, 386
Chaga's disease, 315
Charr, cardiac, 179
l 1 bacterial

336
1n syphalitic aortitss, 367
Chest leads, normal, 68-73
Cheyne-Stokes respiration, 167, 190
Child-burth, pulmonary embolism 1, 146
Chloraform, 150, 326
Chloromyceti, 130
Cholecystitss, 405
Cholesterol (sce Blood cholesterol), 373, 496
Cholmergic drugs, action of, 138, 199-260,
16

5
n paroxysmal tachycardia, 138
in syncope, 199
Chordz tendimnea, 282
cupture of, 530
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Chorea, 261
treatment, 275
Choron.epithelioma, 459
Thronic branchuus, 464, 473
Chromic constrictive pericarditis (see Pick’s
disease), 348-51
Chronic nephntis (see Hypertension), 417~
418, 423, 425, 433
Cinematography, 31
Circoid aneurysm, congensal, 511
Curculatory falure
and coronary insufficiency, 468-10 .
in diphsherna, 311
n infections, 314
1n pulmonary heart disease, 4bs
and syncope, 194
Circulation time, 12-13,
10 bernber, 515
n hyperkinetic circulatory states, 502, 515
1n left ventricular fadure, 163, 425
in mitral stenosts, 292
1 myyedema, 4906
m right to left shunt, 243
1n nght ventricular fatture, 163
1n thyrotoxicosis, 48¢
Careus movernent
m auncular fibnllatson, 145
m auricular flucter, 141-2, 144~5
n paroxysmal tachycardia, 141
Citrhosis (and see Cardac ctrrhoss)
effect on the circulation, 517
n hamochromatoss, 321
and nutritional cardiopathy, 321
and cedema, 172
Chimcal examunation, 2-11
Clhimactersc (see Menopanse)
Clockwise totatton  (abaut
axis), 70, 8z, 85
m Fallot’s tetralopy, 242
n hypertension, 426
in pulmonary heart disease, 465
n nght ventricufar enlatgement, 89
Clotting (see Thrombosts, etc ), 444-5
Clotting tume, 454
Cloudy swelling, 313
Clubbing of fingers, 333
n aneurysm, 360
10 bactenal endocarditss, 333
m congenital heart disease, 237
mechanism, 333
1n pulmanary heart disease, 462, 465
Coarctation of the zorta, 206-12
associated phenomena, 209
blood pressure, za8
clasmfication, 207
clinical features, 208
collateral circulation, 207
complications, 208, 289, 213
embryolory, 206
‘Thzemodynamics, 207

31, 161

longytudinal

INDEX

Coarctation of the aorta {contd )
prognos:s, 211
treatment, 251
X-ray, 39, 2089
Ceur en sabot, 57, 237, 240
Cold, 1n angina pectors, 429
Cold drinks, 138
Cold extrenuties, 177, 485
Cald, hypersensivity to, 496
Cold pressor test, 418
Collapse of lung
1n aneurysm, 360
1n kyphoscoliosis, 474
1n mitral stenosis, 293
1n penicardsal effusian, 344
1n theumatic fever, 266
X-ray, 15
Collapsing pulse (see Water hammer}, 295
Collod, 478
Coma, 201
cardiac, 434
n dissecting aneurysm, 523
Compensation neuross, 532, 644
Compensatory pause. 127, 129
Complemental ar, 1
Complete heart b\oc\t (see Heort Slock),
120-4
Concn!o's dls:ase, 353
C. eft 1

88, 301,

Conduchng system, anatomy, 108, 125
physology, 108-9

Congenital gortic stenosis, 212, 302
arcord aneurysm, SII-13
cystic lung, 464
dilatation of the pulmonary artery, 212
heart block, 120
heart disease (see Anomaly required), 203

250
:lass:ﬁuuon, 2034
etiology, 20;
wncidence, 2
hypertrophy of the hear, 2
o e o fature (and ses Left and
right ventricular farlure), 154-9%
acupuncture, 189
n acute nephritis, 327
albuminuna, 21
n anxmua, 503
1n aortic stenosis, 303
In arterioyenous aneurysm, 514
ascites, 174
sn auricular fibnillation, 147
1n auricular flutter, 142
back pressure theory, 154
w bacterial endocarditis, 331, 335
basal metabofic rate, 23
n ben-beri, 515
blood pressure, 178
biood ures, 22
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Congestive heart farlure {contd.)
cachesa, 174
1 cardic infarction, 403, 407
cardsac output, 154-6
cerebral symptoms, 174
arculation time, 163
clinscal features, 3, 16878
compeniated, 155
<yanows, 177
definition,’ 154-6
diet, 179, 185
dugtahis therapy, 179-84
tmbolism, 444-
enythrocyte sedimentation rate, 22, 175
etiology, 1§6~7, 168
galiop shythr, 165
m heart block, 122, 124
heart sounds, 158
hepatic distension, 172
hydropencardum, 174
hydrothorax, 174
in hypertension, 425, 435
"somnis, 179
saundice, 175
Ier, 171
low sadium diet in, 1850
low-soltage electrocardiogram, 104
mechamsm, 154-6
mercurial dretics i, 184
0 mitral ncompetence, 284
in mitral stenos:s, 168, 285, 293
in myocarditis, 312, 317, 318
1 myxoedema, 496
xdema, 1723
n Paget's disease, 517
n paroxysmal tachycardia, 132
palycythmmua, 22, 175
n pregnancy, 509
prognosis, 1789
pulmonary embolism 1n, 175, 444—6
1n pulmonary heart disease, 449, 462: 473
pulse rate, 178
renal blood flow, 173
renal function tests, 22, 173
reticulocytosss, 22
in theumatic carditis, 270, 275
sodium retention, 173
strophthanin 1n, 184
1 syphilitsc sortius, 365
tachycardia, 110
thieuracil 1n, 190-1
thrombosis 1, 4446
n thyrotovicosss, 487, 403, 495
treatment, 17g-g1
urme, 1
vasg-constriction, 178, 285, 447
venesection n, 179
venaus pressure, 154-6, 16871
venous thrombosis 1, 175, 445, 446
X-ray appearances, 59, 175

357
Constrictne peacardius (sce Lick's diseate),

Conrnuous murmur
IR arteflayenqus aneunism, 513, 514
anificasl, 224
broncho-pulmonary, 229, 236, 250
in patent duttus, 223
in perforated sortic snus, 229, $24
n thyrotaxicos:s, 486
1n thiouracil goitre, 493
venous, 239
Contuston of the heart, 520
Conus, hfung, 216, 222, 462
Conus of fight ventricle, 27, 47
Convulsions it
carduac syncope, 193
epilepsy, 198
Stokes-Adams attacks, 323
Vaso-motor syncope, 158
Cor pulmonale (sce Pulmonary emboliam
and Pulmonary heart disease), 44

361
Coranune, 190, 455
Coronary angutis, 372, 374
theumatic, 257, 294
Coranary arteries
anatomy, 387
anomalous, 206
atherosclerosis, 372-%
calaficanion, 374, 397
dissection, 522
in hypertensive heart disease, 375, 433
ingury, 526, 530, 532
subintimal hzmorrbage, 374, 384
1 syphilitic sortitis, 3
Coronary blood flow, 366, 433
Coronary embolism, 372, 374
Coronary msufficiency, acute, 408-10
Coronary occlusion, 370, 373-4 480, 386~
8

Cm’ona::y ostia, stenosis of, 266,
Coronary sinus, 10f
Coronary simus thythrn, 116, 336
Coronary spasm, 377, 386
Coronary T wave, 93-7, 389-97
Corenary thrombosis (sce Myecardial -
Jarction), 380, 386
defintion, 387

treatment, 384
Cotonary thrombo-angitis, 372, 374
Coronary vem, ligatson of, 380
Corrigan'’s sign, 297
Cortisone, 275
Coupled beats, 129, 130
Crush muries, 355, 528
Current of Injury, 94, 99
Cushing’s syndrome, 436
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Cyanide, 12
Cyanaosts, 177

n mtral stenosts, 285
Cystic medual necrosss, 21

DAH (see Cardiac nearosts), 535
D3 Costa’s syndrome (see Cardiac neurosis),
535~45
Dactyhe metre, 164
Dalrymple’s sign, 481
Death (see Sudden death)
Decholin eirculation time, 12, 31
Decompensation  {see  Congestize
Sarlure), 154~91

Dementia

10 heart failure, 174

n hypertension, 422
Depolanzed cell, 65
Depressed sternum, 35
Depressor reflexes, 113, 196
Derelopment of

20rtic system, 206

auricular septum, 213

heart, 203

pulmonary arteries, zof
Dextrocardia, 204
Dextroposition of aarta, 236
Duabetes mallstus

n angina pectorts, 371, 378

1 atherosclerasis, 373

m ischemic heart disease, 408
Diabetns tetmopathy, 424
Diameters of the heart, 34~
Duaphragmatic hernia, 377, 406
Dhastase, unnary, 4
Diastolic blood pressure (see Blaod pres-

heart

sure), s
Dhastolie murmurs (sce Aortie, Mitral, etc )
Duastolic rebound, 351, 352
Dhastolic report, 349
Diastolic shock, 349
Duastotic thrills (see Aortee, Mitraf, etc )
Discoumarol 1n

angina pectons, 384

cardiac infarction, 406-7

pulmonary embolism, 451

thrombo-embolic states, 454
Dhesotic pulse, i cireulatory fadure, 31
Dicratic wane (of the pulse}, 20

et

1 heart failure, 179, 185

n hypertension, 438

low sodwm, 1859

11 myocardiat mfarction, 40
Digital throbbing (see Vasodilatation), soz
Dgitals

action, 144, 579-84

administration, 144, 147, 148

atropine sntagonmsm, 148, 325

in auricufar fibnilatien, 147-8

INDEXN

Digitalis (contd
auricular fibrillation from, 322
n auricular flutter, 144
and clotting tune, 446
n congestive failure, 179-84
contra-indications, 124, 199, 313, 317,

407
n diphtheritic carditts, 313
dose, 144, 147-8, 184
ectopic beats from, 130, 322
electrocardiogram, 101, 325
1n heatt bleck, 124
heart block from, 322
n left ventrcular failure, 179-84. 160
1n myocardial infarction, 407
nodal rhythm from, 322
1 pacoxysmal tachycardia, 138
paroxysmal tachycardia from, 322
preparations, 1
1n pulmanary beart disease, 464, 474
and Q-T intenal, 325
in theumatic cardimis, 275
sudden death from, 322
T ware, 101
tovc effects, 148, 322-5
m tovc myocarditss, 317
ventnicular fibrillation, 150, 322
Digstoxin (see Digrralss), 148
Digown (see Digstalss), 148
Di-iodotyrosine, 478
Diodone. 31
Diodrast, 3t
Diphthena
crreulatory collapse in, 311
myocarditis 1, 331113
Dipote, 65
Dipping 1on to Iner), 172
Disordered action of the heart (se¢ Cardiar
neurosss), 535
Dissecting aneurysm of the gorta, 5213
hemopencardm n, 355
Dissemnated lupus, 31
Dissociation,  gunculp-sentricular
Heart block), 129~4
Distortion by diverging X-rays, 29, 38
Diuretics, 184~5
Diuretn, 185
Duziness, 193-201, 336, 538
Dock’s siEn (b notching), 208
Daminance
left ventnicular, 87-8
night ventricular, 889
Dorsal attery of the foot
emboli 1n, 333
palpation of, 3,
Doryl (sec Clmlmngl( drugs), 138, 200
Double aortic knuchle, 200
Double fayer, 65
Daublet, b5
Dresden chima look, 308

(see
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Drinking (see AAlohal), 326
Dropped beats®

n parnial heart block, tig

w sino-auricular block, 114
Dropay (see adema), 172-3
Ductus artcriosus, z23-9

development of, 206
Dutiness, cardiae, 7

I emphysema, 465

in pericardial effusion, 345
Durozier's sign, 297
Dysenteric pobyarthrits, 260
Dusphagia {from)

anetrysm of the aorta, 361

intovich

unfol aorty,
Dyspnea Gy 07

heart faslure, 158-60

mittal stenoss, 235

Psychoneurons, 536

Ectopic beats, ya7-31

auneular, 12y, 133, 342

dugnosis, 129

from dugrtalty, 322

m diphthena, 312

cuology, 130

expenimental, 130

nterpolated, 131

n myocardia] inf;

nodal, vab infarction, 389, 307

1n pregnancy, go:

treatment, 1355 7
Eé’tmncular, 129

ort syndrome (see Cards 3
Effort tolerance l(e::(m';' e meurost). 535

Enthoven’s string
Enthoven's theos
glmhoven': triangle, 77, 81, 86
Isenmenger's complex, 244-6
X-ray, 52
Electric shock, 531
Electrical alternatson, 167
Electrical axis, 81, 85
deviation of, 857
B Xation of, 351, 352
tectrocardiogram “(and see Electrocardi-
ographyy
acute cor pulmonale,
) 449-51
ueute coranary seufficiency, 410
acute nephrisg, 327
anznua, so4
2ngifia pectons, 1o1, 378
e ey o7 362

galvanometer, 67
8, 77

“0ric stenoss, 301
asphyxia, 101, 410, 467

559

Electrocardiogram (contd )
atrial septal defeet, 218
auncular ectapic beats, 127
auricular “0” wares, 142, 144, 145
aurieular fibnltation, 145
auncular flutter, 132
auncular standstill, 146
auricular tachycandia, paroxsamal, 132-

138

auricular T waves, 78
ax1s desiation of, 85
ber-ben, 516
bundle branch block (sec £ 5 11)

Teft, 90

night, 93
carbon-monoxide poisoning, 102, 411
carduac inyurics, 529
cardiac standstill, 115
cardis, 104, 312, 317, 318
arculatory falure, 102, 410

clockwase ratation, 70, 82, 85
dant Icft ventricul d

prep
ance, 88, 301, 429
congenutal hypertrophy of the heart, 205
congestine failure, recurrent, 104
constrictive pericarditis, 340
cor pulmonale, 449, 465
coronary thrombosis, 93, 389
current of injury, 93
dextrocardia, 204
diguahs effect, 101, 325
diphthentic eardivss, 04, 312
dissecting aneurysm, 522
ectopic beats, 127-31
extra systoles (interpofated), 131
“f waves, 142-5
Faflot's tetralogy, 242
famubial cardiomegaly, 205
Fiedler's cardutis, 318
hamorrhage, 102, 410
heart block,
complete, 120
partial, 118
retrograde, 117
horizontal heart, 77
hypertensive heart disease, 87, 426
hypocelezmia, 79, 326
hypox, 101, 410, 467
1diopathic dilatation of pulmanary artery,

232
1schemic heart disease, 93, 101, 378,
32

3
1solated myocarditss, 318
left aurcular entargement, 83
teft avis deviation, 86
Ieft ventricular enlargement, 87
left ventricular failure, 83
left ventricular preponderance, 87, 426
long P-R terval, 118
low-voltage curves, 103
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Electrocardiogram (contd )
titral incompetence, 283
mitral P wave, 83, 200
rtral stenosss, 83, 2902
myocardial brwsing, 529
myocardial infarction, 937, 386-97
myocarditis, to4, 312, 317, 318
myxedema, 103, 494
nodal ectopic beats, 128
nodal rthythm, 117
normal, 70-9
P mutrale (see P), 83, 200
P pulmonale (see P), 83, 170, 467
P-R intennal {sce P-R), 78
P wave (sce P), 67, 78, 83, 467
Pardee T wave, 97, 391
parovysmal tachycardia, 13241
auncular, ¥32-5
nodal, 136
ventricular, 137
patent ductus, 224
pencarditis, 99, 342-4
Puick's disease, 349
posture, effect of, 86~7
potassium effect, 104, 326
pregnancy, 507
pulmonary embolism, 449-51
pulmonary heart disease, 463, 465-70
pulmonary stenosis, 231, 242
Q wave (see under Q), 6o, 78, 97
QRS complex (sec under QRS), 6870,

8593

QRS patterns, basic, 73

Q-T internal {see O-T¢), 79

R wave (see QRS complex)

RS-T segment (see under RS-T), 79,
93-105

theumatic carditis, 269

nght sxis deviation, 87

ight ventneular dommance, 88

xotation of the heart, yo, 77, 82, 85

S wave (see ORS), 69, 70

S-T interval (sce RS-TY, 79, 93-105

sino-aunicular block, 144

sinus arthythmia, 109

sinus bradyeardia, 113

T ware (see under T), 67, 73-4, 93~105

Ta ware, 67

thyrotoxicons, 487, 490

toic myocarditis, 317

tneuspid atresia, 250

tncuspid stenosis, 307

U wave (sce under U), 79-80

uremia, 104, 326

1830-MOOT SYNCOPE, 101

\entricular ectopic beats, 129

ventricular escape, 114

ventrcular fibnllation, 150

ventricular septal defect, 222

vertical heart, 77

INDEX

Electrocardiography {and see Leads), 65~
151

accession wave, 68

basie patterns, 74

cardiac vector, S0

central termninal, 68

chest lead, 68~73

dipole theory, &5

electrodes, 68

equations, 75, 77, 78

excitatory impulse, 65

tustory, 65

nstruments, 65, 67

Limb lead, 74-8

paste for electrodes, 68

polanity, 6!

prnciples, 65~77

Tegression nave, 67

standard lead, 77

standardisation, 68

technique, 68, 70, 75

theones, 65-7

unspolar lead, 68

Wilson's neutral electrode, 68
Electrohymography, 29
Elephant, heart rate of, 110
Elongated heart, 35
Embolectomy, pulmonary, 455
Embolic nephnts, 334
Erabolism (see Pulmonary embolism)

at, 457

1mn auncular fibnllation, 150

in bacteral endocarditis, 333

cerebral, 403

m congestnie falure, 446

caronary, 372

fat, 457
foreym body, 458
meidence, 4
n 1solated myocarditis, 321, 445
mahgnant, 438
n mutral stenosts, 293
m myocardial infarction, 403-4
paradovical, 457
tenal, 334
splentc, 332
Emotion, effect on
blaod pressure, 5, 537, 540
breathing, 536, 538
cardiac output, 537
pulse rate, 110, 537, 540
Emphysema
clinical features, 465
sntrathoracic pressure, 472
m kyphoscoliosss, 474
fung volume, 19, ¢
n pulmonary Tard disesse, 464
residual air, 19, 472
right aurjcular pressure, 472
treatment, 473
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Emphysema {contd.)
sital capacity, 19, 464, 472
Encephdlonath
ncephalopathy, hypertensive,
bactenal, 330
rtheumatie, 255, 280
syphiitee, 364
Ephedrine-
m asthma, 473
n heart block, 124
Ephynal (vitamin E), 384
Epilepsy, 197
Epuephnine (see Adrenaliny
Epistaus (in)
coarctation of the anrta, 208
hypertension, 434
theumatic fever, 257
Erosion {of)
nhs, 208
sertebra, 361, 36;
Erythema 3
Marginaturn, 264

nodosum, 264
Enythrocyte sedimentation rate {n), 22
congestive failure, 175
hypertension, 22
myocardial infarction, 389
Pulmonary infarction, 453
theumatic carditss, 2. 59
syphilitic sortitis, 365
Erythrogenic toxins, 256
Essential hypertension (see H3pertennon),
41639
Ether arrculation time, 13, 163
Eupaverine, 455
Euphyllin (see Ammophy Hene), 190
Ewart’s sign, 345
Examunation, clinical, 2-11
Excitatory impulse, 65
Exercise (see Effort tests), 50z
Elduusnnn. 537
hth gottre (see Thy o

435

Exophthalmc ophthalmoplegia, 481
Exophthalmos, 481
Expansile pulsation of

aneurysm, 38, 363

lefc auncle, 52, 283

pulmonary artery, 5z, 218
Exploring electrode, 68
Extracardiac murmurs, 281
Extracardiac sounds, 165
Extrasystoles (see Ectoprc beats), 127-31

wnterpolated or true, 131
Eyes, m thyrotoxicoss, 481
Eyeball pressure, 111, 138

501

wares
1n auricular fibnilation, 146
n aurcular utter, 143
Falure (see Congestit e heart farlure), 154~

crreulatory, 194-6, 31E, 314

congestine, 154-91

forward, 154

tigh output, 156

1schemic, 370

Teft ventnicular, 157

low output, t56

right ventncular, 168

syncopal, 103
Fantng (see Symeope), 194
Fallot's tetralogy, 236-33

angiocardiogram, 242

catheter findings, 242

circulation time, 243

climcal features, 237

complications, 243

definition, 236

electrocardiogram, 242

fhemodynamics, 236

prognosis, 243

treatment, 253

X-ray, 57, 240
Famial cardiomegaly, 205
Fat, apical or triangular pad, 35
Fat embolism, 45
Fat metabolism, n atherosclerosis, 373
Fatigue, 537
Fatty degeneration of the heart, 313
Femoral arteriovenous aneurysm, 513
Femoral blood pressure, 3, 2a!
Femoral phlebothrombosis (see  Phleba-

thrombosis), 445, 453

Femoral ven, higation of, 455
Fever, 5oz

1n anxmia, 506

1 bactertal endocarditss, 331

n dissecting aneurysm, 522

1n myocardial mfarction, 389

n myocarditss, 316

penscillin, 338

m pericarditis, 341

1 pulmonary infarction, 453

in rheumatic carditss, 259

and sinus tachycarda, 111

thioueacil, 385
Fibrinous pericarditis, 341
Fibross of the heart

ischapmuc, 388

1n 1solated myocarditis, 318

nutrtional, 321

Frck's prinesple, 15
Fiedler's carditrs, 318-21
Finger clubbing (see Clusbrng), 333
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Frest heart sound
1n auncular flutter, 142
m bundle branch block, 126
1 heart block, 122
 hypetlanenc circulatory states, to
mechanism, 9
m mitral stenosis, 286
and P-R intenad, 10
weak, 178
First oblique position, 26
Fits
epileptic, 197
Stokes-Adarns, 122
Fluids, in congestne farlure, 179
Fluorophotography, 31
Flusrascopy
techmque, 257
safue m
aortic aneurysm, 38, 363
atrial septal defect, 52, 218
caletfied valves, 61, 301
rmatral incompetence, 52, 283
mvocardial infarction, 44, 397
mvocardial fareizn bodes, 526
perardial efusion, 61, 345
Pick’s disease, 61, 349
Flushes
amyl nitnite, 383
cholinerge, 138
menopausal, 200
after Stokes-Adams fits, 123
and syncape, 200
Foetal adenoma, 486
Feetal airculation, 213
Feeta) rndo:ardms‘ 203, 229
Fretal goutre, §11
Feetal rhythm, 198
Foramen ovale (see Patent foramen avale,
213
Forearm blood flaw
1 Cheyne-Stokes breathing, 168
m thyrotoxicosss, 488
Foreign bodies
embolism from, 458
intravascular, 458
myocardial, s25-7
penicardual, 335, s25-6
Foreed breathing, 200, 536
Forward fallure, 154
Fourth heart sound, 163
Fractures,
emboli from, 446
fat embolt from, 457
Frank's capsule, z¢
Friction tub-
pericardial, 34¢
leural, 453
pleuropencardial, 3¢z
Frght, 538

INDEX -

Frust diet (n)

heart failure, 185

hypertension, 438

myocardial infarction, 466
Funcyonal

aoTlic Incompetente, 424, $03

aortic systolic murmur, 282

archythmia, 109

bradycardia, 112-17

breathlessness, 536

bundle branch block, 139

dizzness, 538

fatigue, 337

headacke, 538

hypertension, §, 416

wastral diastolic murmur, 288

mutral incompetence, 282

itral systolic murmur, 273, 282

pam, 377, 537

palpitations, 536

parasternal murmur, 220

pulmonary incompetence (sec under Pl

Mmonary incompetenre}

stgns and symptoms sn anxsety states, 540

sweating, §38

syncope, 193-201

systolic murmur, 281, 503

tachycardia, 110~12

tricuyprd incompetence, 303
Fuads, oculer (i)

aothic incompetence, 268

bactesial endocarditis, 333

diabetes mellias, 424

examunation of, §, 423

hypertension, 423

nephritls, 424

pulmonary heart disease, 465

rheumatic states, 237

superior Vena cava phstruction, 424
Fusiform aneurysm, 38, 359, 364

Gall stones, 405
Gallop thythm (in), 1636
aungular, 164
bundie branch block, 126
congrestive heart failure, 165
diphthentic tarditis, 312
hypertensive heart failure, 165, 44
wschaemmc heast farllure, 165, 389
isolated myocarditis, 318
Teft ventnicular faifure, 158
left ventricular stress, 164. 165, 380, 424
long P-R intersl, 164, t
rmutral stenosss, 165
normal persons, 166
nomenclature, 166
Picks diseate, 165, 349
presystolic, 164
protodiastolic, 163
Pulmqmry heart disease, 462, 465
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Gallop thythm (contd )
theumatic carditis, 273
night ventricular atress, 164, 462, 465
summation, 165
sistohie, 165
tachycardua, 164, 1£5
toxic myocardinis, 273
Galvanometer, Linthoven's string, 67
Ganglionectomy, stellate, 386
Gas analysis, 1
Gerger eounter, 450
German measles, 203
Guant a wave {see a trave), 170, 229, 306,
362
Gibson murmur, 223
Glycogen retention, 205 ,
Glycosunia, 22
Goitre (see Thyrotoxicoss).
adenomatous, 479, 4
chnicat features, 480
collowd, 479
diffuse hyperplastic, 479, 486
endemic, 479
exophthalmic, 479
fatal adenomatous, 486
1n fetus, 405
Iymphadenoid, 486
mahgnant, 486
nodular, 479
simple, 479
substernal, 485
surgical treatment, 450
from thiouracil, 493
m thyroidits, 486
Goldberger's augmented leads, 75
Goldblatt ctamp, 419
Goococcal
endocarditis, 330
polvarthnitis, 260
Gradient (ventnicular), 82
Graham-Steell murmur, 216, 288
Graves’ disease (see thyrotoxicosis), 478
Great vessels, development of, 2of
Greater systohic chick, 165
Growing pans, 263
Gumma of the heart, 367
Gunshot wounds, 354, 525

Haemangioma, 511
Hamatemesis (in)
aortic aneurysm, 363
hypertension, 434
Hamatursa (sn)
bactersal endocarditss, 334
dicoumaro! therapy, 45+
dissecting aneurysm, 523
heart failure, 334
nephnitis, 334, 433
renal mfarction, 334
Herte murmur, 503

DF\ 503
Haxmochromatous, 32t
11xmogtobin

in cyanows, 177

general, 22

oxyren carryng capacits of, (7
Hamalysins

anti-streptococcal, 256

streptococeal, 256
Hemopenicatdium, 354

acerdental, 34

in blast injury, 529

1 dissecting aneurysm, 523

n gunshot wounds, 525

from tndirect a1y, 529

malymant, 354

\n perforated caediac mfarction 404

1 ruptured heart, 520

sn ruptured syphilitic aneursm, 363

in stab wounds, 527

traumatic, 354, 529

twberculous, 353
Hlemoptysis (10)

atrial septal defect, 216

bacterial endocarditis, 334

congestive heart failure, 175

dissecting aneurysm, 5§23

hypertension, 435

1solated myocarditss, 321

left sentricular fmlure, 160

rmutral stenosis, 293

pulmonary aftero-t enous aneurysm, §13

pulmonary infarction, 453

ruptured aneurysm, 363
Hamorrhage

n bundle of Fis, 531

capillary, 257

cerebral, 433

coronary, 348

and coronary msufBiciency, 408

in dicoumarol poisoning, 454, 455

effect on circulation, 503

electrocardiogram, 102

petechial, 257. 332

purpuric, 33z

tetinal, 334, 423

subarachnoid, 434

sobintimal, 374, 384

dissecting aneurysm, 523
pulmonary mfarction, 453
ruptured aneurysm, 363

Haldane’s apparatus, 16

Hands ()
arachnodactyly, 216
chorea, 261
psychoneurosts, 485
thyrotoxicosss, 485

Hare, heart rate in, 110

Hashimoto's disease, 486
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Hay type of dropped beats, 119
Headache
anxuety, 538
1n essential hypertension, 422
1n fat embohsm, 458
fistamane, 533
n hypertensn e encephalapathy, 434
1 paroxysmal bypertension, 421
‘Tonstem, 538
Head wjury land)
2uncular fibatlation, 147, 521
auncutar flutter, 147
inus bradycardia, 513
Heart block (puniculo-ventricular), 117-24
n auricnlar fibsallanen, 147
n auncular flutter, 142, 144
auncular sounds, 122
blood pressure, 122
bundle branch black m, 120
cannon wates, 118, 22
cardac entargement, 35, 122
cardiac output, 122
clintcal features, 120
camplete, 120-4
congental, 120
congestive faslure, 122, 124
dimtalis, 124, 322
diphthenne, 312
electrocardiogram, 21:8-21
enology, 118, 120
first heart sound, 122
grades, 117
hemodynamics, 122
Hay type, 119
hypenensne, 425
sschamie, 3
 asolated myocardis, 321
m myacacdal wlarenon, 380
wn Paget's disesse, 517
paraxysmal, 120, t23, 123
in paroxysmal tachyeardia, 133
paraxysmal tachycardia m, 123, 124
partaal, 118-z0
pathology, 120
prognasss, 124
pulse, 120, 122, 124
retrograde, 117, 128, 120
rheumatic, 271, 307
Stokes-Adams stracks, 122
sudden death, 124
syncope, 120, 193
syphulitic, 124, 367
3N toxic myocardms, 317
tranmient, 138, 120
Traumanc, $33
treatment, 124
enous pulse, 132, 170
ventricular fibrilation, 123, 124
Wenckebach type, 1o
Xeray, 122

INDEX

Heart, dilatation of (see Cardac enfarges
ment}
Heart disease
etiology, 1
maidence, 1
mortality, ¥
Heair, enfargement, etc., of (see Cardiac
enlargement, etc)
Heart failure (se¢ Congestive heart failure),
154-91
Heart measurements, 34
Heatt yate, 110
Heart shape, 257, 35
Heart size, 34, 35
Heart sounds, 9, 10, 163, 178
auncular, 120, 1
m congestive fatlure, 178
distant, 178
n emphysema, 465
extra, 165
fatnt, ©78, 345, 389, 465
first {see First heart sound), 9, 10, 163
fourth, 163, 164
s myacardial infarction, 389
n pericardial effusion, 345
reduplicated, 164
second (s:e Second heart sound), 10, 163
spht, 10,
third (see Thrrd heart sound}, 163-5
weak, 178
Heart weght
m anzxrog, 505
1 hypertension, 42§
Helwm, ¢
Hemuplegu, 16, 318
Hepanin {wn)
acute caronary msufficiency, 384
admsnsstranon of, 454
bactenial endocardins, 366
<ardhac cathetensation, 16, 242
myocardial infarction, 406
pulmanary embolusra, 454
rheumatic feves, 266
thrombo-embolic states, 454
Hepatic cirvhosss (see Corrhosit)
Hepatic compression {manual), 171
Hepatic distention, 171~2
Sarlure, 52
function m thyrotoxwcosts, 488
pain, 171
Hepatic pulsation
pre-systolic, 229, 306
rystolic, 171, 304
Heredity (im)
BnX)ecty states, Sy
congemtal heart drsease, 203, 205
bypenension, 413
sheumane fever, 256
Hesang-Breuer reflex, 285
Hernia, diaphtagmatrc, 377, 406



INDEX

Herxheimer reaction, 367, 368
ihizh blood pressure {sec ) pertension),

41630
Ehigh output failure, 156, 502
Hilar shadows, 26
Hus, Bundle of (see Bundle of Hu, 10%
Histamune
action of, 200
circulation time, 12
headache, 538
test for phatochromocytoma, 422
History-talung, 1
Hoaryeness (in).
anewryam, 361
mitral stenows, 293
myxadema, 496
Homans' eign, 453
Horzontal heart, 35,77
Horner's syndrome, 361
Hydremia
0 acute nephritis, 328
0 edema, 173
enous pressure i, 171
Hydrogen, for measuring lung volume, 19
ydrogen peroxide, for cleanmng catheters,

17
Hydropenicardium, 174, 356
Hydrostatic pressure, 173
Hydrothoray
in congestive heart failure, 174
m left ventricular failure, 44, 161
Hypercholesteralemia
m athetosclerosss, 173
In myxaedema, 496-7
Hyperpiesia (see Hypertension), 41650
Hyperpneea (see 173 pert entilation), 200, 536
Hyperkinetie circulatory states, 155, 502
anzmua, S0z
arterio-venous aneurysm, 513
beri-bers, 514

2
hepatic farlare, 517
'aget’s disease, 517
pregnancy, so7
pulmonary heart disease, 463, 465
thyrotovicosis, 487
urermua, 121
Hypertensin, 419, 420
Hypertensinase, 419
Hypertensmogen, 419
Hypertension (and see H) pertensive heart
disease), 416-40
albuminuna, 433
angina pectons 1n, 375, 429
angiotonin, 419
atherosclerosis and, 374, 419, 433
auscultatory gap, 4
benign, 423
biochemseat hypothesis, 419-20

ks
&

Hypertension (contd }
blood pressure, 138, 421, 435
Blood viscosity, 420
blood solume, 420
cardiac output, 420
cercbral manifestations, 433, 434
cdassification, 416, 417
clinieal features, 421-34
in eoarctation of the aorta, 203, 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
epistaxss, 434
essential, 417
etiology, 417, 419
cxperimental, 419
functional, 416
hxmatemess, 434
hxmeptysis, 434
heart 1n (see Hypertenste heart disease),
424,435
heredity and, 418
humoral theory. 419-20
madence, 417
low sodium diet, 437
lymbo~dorsal sympathectomy, 439
(see Malignant

419
tmenopausal, 416, 437
in mitral stenosis, 417
mortality, 435, 436
nephrectomy for, 436
nephnitic, acute, 327, 417, 424
chromic, 418, 424, 433
nerous, 5, 420
nocturia, 433
and obesity, 416, 436, 437
ocular funds, 423
papilledema in, 424
paroxysmal, 417, 421
pathogenesis, 417
persistent, 422
phzochromocytoma and, 421
phystology, 419-20
polyuria, 433
In pregnancy, 417, 511
0s1s,
';;cllilnonar;'A(ss:e Putmonary hypertenision),
461

ulse, 422
:yelonephrmc, 418, 436
renal, 417, 420, 436
renal blopsy 1n, 419
renal function 1, 420, 433
renum, 419-20
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Hypertension (contd )
retinapathy, 423-4, 435
sex madence, 417
Sruthwich operation, 439
strohe, 433, 436
<ubarachneid hemorrhage, 434
surgical hidney, 318
surgical treatment, 439
sympathectomy, 439
syTptoms, 422
systolic, 416
thioeyanates, 438
thyrotoxac, 416
transient, 417, 322
treatment, $36- 40
urme, 433
raneties, 316
\ascular changes, 419
\aso-constriclion, 429, 322
\enesection, 437
Hypertensive encephalopathy, 534
Hspertensine heart disease (see Hipertens
stom), 41
angina pectons in, 429
aartic mcompetence m, 424
auncular fibrillation, 424, 425
auncular flutter, 425
cardiac asthma, 160
cardiac enlargement, 425
congestine heart failure, 423
coronary <rrculation, 433
course, 435
electrocardiogram, 87, 426—9
gallop rhathm, 164, 424
heart bloek 1n, 4:
left ventneular falure, 157-63, 925
orthopnata, 158, 425
paroxysmal cardiae dyspnera, (6o, 425
paroxysmal tachy cardia m, 425
prognosis, 435
pulmanary tedema, 160
pulsus alternans, 166, 423, 424
Ko, 39, 42, 49, 329
Hypertensine heart farlure, 425, 435
Hypettensne retinopathy, 423
Hyperthvroidism (see Thyrotoxicoss), 478
Hypervenulatuon
m anxety states, 536
m epilepsy, 199
and svncope, 200-1
Hypnoties, 179
Hjporalermia, 79, 326
Hspoplasia of the aorta, 52
1n atnal septal defect, 218
n coarctation, 209
10 rtral stenosis, 288
Hypoplasia of the putmonary arteny , 57, 290
Hypotension
1 cardiac tamponade, 34.
s eareulatory fatluge, 3u 314

INDEX

Hypotenston {contd.}

in isolated myocarditis, 318

n myocardnal mfarction, 389

orthostatic, 195, 260

physiofogieal, 5

1 pulmonary embolivm, 44g

n syncope, 195-9
Hypothyroidism (see 31y veedena), 496
Hypowa

electrocardiogram, 5ot

10 pulmenary heart disease, 464

test for angina pectonis, 378
Hystenia, 199, 263, 536

Tced water, 138
immersion 1, 3528
Teterus, 175
1dsopathic
dilatation of the pulmonary artery, 212
hypertrophy of the heart, zo3
pulmonary hyperension {see Pramars
pulmonary hypertension}, 4€1
Idioventricular pace-maker, 123
Inadence of heart disease, 1
Indifferent electrode, 68
Infection and the heart, 313-18
Infective endocarditis (see Bactertalf, 339
Inferior vena cava
Jigation, 485
pressure on, 196
Xeray, 25-7, 345
Influenza, 313
Inframammary pain, 537
Infundibular stenosis, 229, 236
Trumal s entneular deflection, $7-70
Injures to the heart
durect, 5257
mdirect, 528~3;
Innoceny
pan in the chest. 537
parasternal murmur, 222
svstohic murmur, 281
Innominate ancurysm, 423
Insomna, 179

of the heart, &
Trter-atniaf block, &4
Inter-auncular septum, 213
Intermuttent claudication

1 beriber, 516

n coarctation, 208

pann, 374
lmerpolned extrasystoles, 13¢
Interstitral myocarditsy, 315, 318
Inters entnicular septum

defect of, 220

drsplaced, 425

perforated, 404
1ntestinal distension, 171
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Intracardiac Jeads, 73
Intracardiac thrombosis, 444
Intra-myocardial pressure, 433
Intrathoracie pressure, 16

in emphysema, 472

1 left ventricular failure, 3o
Intravascular clotting, 445
Intrasentnicular block, go
Intansic deflection, 68
Intrssenous infusions.

m snarmua, $03

n airculatory fature, 311, 314

and venous pressure, 15§
m.de, 0 syphilitic aortitis, 367

ine
i collond, 478
lack af, 439
radioactine, 191, 490
test for thyrotovicosss, 439
and thiouracil, 492
m thyrotoxicons, 491
Todothyrin, 478
Iratable heart, 535
Ischazmic heart disease (see Angina pectorts
and Mjocardial infarction), 370-411
acute coronary wnsufficiency, 384, 408-11
age incidence, 371
alcohol i, 371
angma pectorss, 373-86
definition, 370
etology, 372
hustory, 370
nerdence,
myocardial infarction, 386-408
occupation and, 371
pathogenests, 372-4
sex madence, 370
tobacco and, 371
Isolated myocarditss, 318-22
Tsometric contraction, 19
Isopotential level, 79
Tsopropyl nor-adrenalin
n asthma, 473
1 heart block, 124
Isthmus, aortic, 207

Teundice, 175, 306
Joffroy’s sign, 485
TJugular phiebogram (see Venous prse). 19
Jugular pulsation (see Vemous pulsed, 169~

170
Juxta-medullary bypass, 420, 421

Kahn test, 358

Katharometer, 19

Keith and Flack, node of, 108
Kempner diet, 438

Kent, bundle of, 14¢

Khellin, 382

Kidney (see Nephritss and Renal)

Kinked gorta, 529, 474

Rinked earotid, 423

Koslonychia sn thyrotoxicons, 488
Kussmaul's 1150, 340

Kymogram, 1n carduac infarction, 397
Kymography, 20

Ky phoscolisss, 474

Laryngeal palsy

in ancurysm, 36t

1 mutral stenowts, 293
Late syvstolic murmur, 282
Jeadimg questions, t
Leads (electrocardiographic)

bipolar, (8

CF, 74,77

chest, €8

CR, 74,77

Goldberger's augmented, 75

ntracardiac, 73

cesophageal, 73

standard, 77

untpolar, 68

timb, 74

v, 68, 70
Left sntenior obhique position, 27
Teft auncle (sce Auricle, lef1y
Left surscular appendage, 36, 216
enlargement, 4752, 28!
P wave, 83
pressure, 213
Left axis deviauion, 85, 86
1Left bronchus, 27
i aneurysm, 3
1n matral stenosts, 203
Left bundle branch block (see Bundle
branch block), 9o, 126
Left inframammary pam, 537
Left ventricle
abnormalities, 42
measurements, 34
X-ray, 25-7. 35
Left ventricular aneurysm {se Cardrac
anenrysm), 404
Left ventricular chord, 34
Left ventricular enlargement (1}, 42
aortic incompetence, 29
aortic stenosis, 301
coarctatinn, 20!
ectrocardiogram, 86, 87
farmilial cardiomexaly, 205
hypertension, 425, 429
ntral sncompetence, 283
myocardial infarction, 397
patent ductus, 224
teicuspid atrema, 250
\entricular septat defect, 222

ay, 42
1.eft ventricular faslure, 157-63
n acute nephritis, 337
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Left ventricular fatlure (contd }
ammophylline, 190
m snzmia, 503
n aottic incompetence, 229, 365
basal rales, 160
blood pressure, 6o
cardaac asthma, y6o
cardiac output, 3160
Cheyne-Stokes breathing, 167
creculation time, 161, 363
clinical features, 158
cyanosis n, 177
definttion, 154-6, 157
dugitalts, 179-B4
dvspneea, 153
electrocardiogram, 84
etwology, 156, 157
gsllop thythm, 164
hydrothorax, 161
n hypertension, 425, 435
witrapledral pressure, 160
low sadium diet, 1839
lung volume, 161
mechanism, 154, 158
mercunal dwretics, 184
morphune, 190
10 myocardial nfarcrion, 389, 403
orthopneea, 158
oxygen, 190
P wate changes, 84
paroxysmal cardiac dyspnca i, 158
posture, 158, 179
prognass, 1789
pulmonary congestion, 158~61
pulmonary ccdems, 158
pulsus altermans, 166
mn rheumatic carditss, 270
teteaethy lammoniam bromide, 190
theophyiline, 190
treavment, 17g~91
enesecuon, 179
Yenous pressure, 160
venous tourniguets, 190
‘ital eapacity, 158
Xeray, 44, 161

Left ventncular preponderance (see Left

INDEX

Laser (see Hepatic)
dipping on, 172
engorgement of, 171-2
palpation of, ¥y1
percussion of, 171
sugar 1cing of, 353
Long diameter, 34
Lordosss, syncope im,
f.aw blood pressure (:re H ) potension)
Law output fatdure, 159
Low sodium diet (1n}, 1859
heart failure, 185
myocardial nfarction, 406
hypertension, 437
Low soltage electrocardiogram (in), 103
anzma, 506
myxeedema, 496
pencardial effusion, 342
Pick’s disease, 349
pulmonaty heart disease, 467
Luetic aottitis (see Syphiletee), 358-68
Lugol's 1odine in thyrotoxicosss, 489, 401
Lumbo-dorsal sympathectomy, 193, 439
Lurmunal {see Phengbarbtane)
Lungs (see Pulnionar))
collapse of (see Collapse), 35
cystic, 464
examination of, 1t
rthenmatc, 265
silicoss of, 464
Lung volume, 17-19
m emphvsema, 19, 4
i feft ventncular fsulure, 19, 163
1 wutral stenosis, 292
Lupus, disseminated, 315
Lutembather's syndrome, 216, 218, 220
Lymphadenoid gortre, 486
Lymphatic aedema, 173

Machinery murmur (see Controuons mbre
mur), 223

Mackenzic's polygraph, 19

Macula star Bigure, 423

Magnesium sulphate, 139 °

Maladre de Roger, 222

Malar flush, 286

7, 426
Legs
blood pressure in, 5, 208
Lesser systolic click, 165
Leucocytosss (in), 22
bacterial endocarditis, 322
myocardya! mfarction, 389
pulmonary infarction, 453
sheumatsc eardinis, 259
Lid Iag, 481, 485
Lad retraction, 481, 485
Lamb leads, 74, 77
Lipoids, 1 atherosclerosss, 373

Malignant exophth:lmu:, 48:
Malignant gaitre, 4
Malignant hypemnsmn, 43
acterialas nectosis 10, 419
experimental, 459
papilicedema 1, 424
prognosis, 415
renal function, §33
retinopathy 1n, 423~4
Mahignant penicarditis, 354
Aalignant pulmonary embols, 458
Malingenng, s40
Matnutrition, 321
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Mandfest mean vectors, B2
Marey's law, 130
Margmate erythema, 263
Massive pulmonary emboliem (sce Pudmon-
ary embalirm)
chnical features, 4479
defintion, 447
electrocardiogram, 4495t
mortality, 444, 453
syncope m, 194
treatment, 45
Measurements, cardiac, 34
Alecholin (see Choltnergic drugs), 138, 200,

516
Medil walesfieation, 419, 422
Medual necrouts of the sorta, 52t
Vedustinal wmour, 34, 363
Medustnopericarditis, 351
Medicoleral aspects, 532
Memere's syndrome.
auncular fibnllation n, 53¢
$ycape m, 200
Menngrtis and suncular fibnllation, 143,

Mo SH
A‘}::mmcuml myocardstis, 314, 3185
~enopause end hypertension, 416, 437
and syncope, 200
and thy Totoxicous, 480

I‘\In:unnl duwretics, 184

Methy] thio
Mot ot the et et 477
amphubrachuc, 163
anapzstic, 165
ctyhic, 16,
Mid-clavieular I, 6
Mid-duastolic murmur, 518
Mill-wheel murmur (see Continnous wur-

mur)
:‘hlmy‘s cedema, 173
,‘lmu; mmage dextrocardia, 204
:\htnl calerfication, 63, 284, 517
Mitral diastolsc murmur, 288
m anzmia, so3
m aort;’c incompetence (Austun Flint),
2

of
0 atrial septal defect, 216
i coarctation of the aorta, 208
functional, 288
18 matral stenosis, 286-8
M patent ductus, 224
10 sheumatie cardstis, 270
11 thyrotowcosis, 487
M ventrieylar septal defect, 222
Miteal incompetence, 280
and aneurysmal left auricle, 284
clinical features, 282
functional, 282

Mutral sncompetenee {contd )
kymography, 384
left auricle, 28)
left ventricular enlargement, 283, 283
physialogy, 382
rheumatie, 282
traumatic, 530
<18y, 54, 283
Mutrat I wave (sce P matral), 84, 290
Mitra) presystolic murmur, 270, 288, 206
Mitral ning, 282
\litral stenosis, 284-94
in actine rtheurnatic carditis, 293
angina pectons in, 294
angiocardiogram, 47, 290
arterial oxygen saturation, 293
and atnal septal defect {Lutembacher s
syndrome), 216
auticular fibnitlation n, 247, 293
auncular flutter 10, 293
bacterial endocarditis 1n, 294
bronchis i, 293
calcified, 285
cardiac output, 292
arrculation tme, 292
clmscal features, 285
and coactation of the aorta, 204
collapse of the lung in, 293
complicatiens, 293
congestine farlure 1n, 285, 293
course, 294
cyanosts, 283
development of, 258
dyvspnera, 285
electrocardiogram, 262
emboli (svstemic), 203
functional studues, 292
hamoptysis, 203
hypertension in, 294
intracardiac thrombosis 10, 444
laryngeal palsv, 203
left aunicle in, 47, 285, 288
left auricular pressure, 285
lung volume, 285, 202
rmstral diastohc murmur, 286-8
rmuteal incompetence, 284
opening snap, 281
orthopncea, 158
P wave, 84, 200
parotysmal cardiac dyspnera, 283, 293
pathology, 284
physiology, 284
presystolic murmur, 288
prognosis, 204
pulmonary congestion, 285
pulmenary embolism i, 443
pulmonary hemosiderosis, 290
Pulmonary hypertension, 285, 292
pulmonary mcompetence, 288
pulmonary mfarction, 203
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Mitral stenosis (contd }
putmonary cedema, 293
pulmonary tuberculos:s i, 294
sheumatic hustory, 276
and rheumatmd acthritts, 256, 294
surgecal treatment, 308
and thyrotoxicosss, 204, 493
traumatic, 539
treatment, 308
triple thythm, 166, 286
\aso~constiction i, 285
\enous pressure, 285, 292
watel capacity, 285, 202
X-ray, 56, 283
Mtral systolic murmur, 273, 282
Matral valve disease, 280
Miutzal valewlws, 270, 273
Azl valeutaromy, 308
Moebiug’ sign, 485
Monckeberg’s sclerosis, 419, 432
Alongotism, 203
Monotardsograin {of Manny, 223
Morbus coeralens, 203
Morphine (n)
asthma, 473
congestrse fatlure, 179
dissecting aneurysm, 523
myocardial mfarction, 406
parovvsmal cardiac dyspneea, 390
Morrality from heart disease, 1
Mauller's cxperiment, 224
Mural thrombosss (in), 444
brcterial endocardns, 330, 336
1solated myoearditis, 318, 3212
rutral stenosss, 293, 44
myocardial mfarcnan 388, 4
Murmur (and see under ttems hstcd)
aortic diastole, 295
aortic systolic, 281, jor
apical systohic, 273, 281-2
arteno-yvenous {sce Comtomionss), 514
Austnr Fhant, 296
basal systalic, 281, 3o1-2
cerebral or cramal, §11
contmuous, 223, 220
Durozier’s, 297
extracardrac, 281
functional, 281-2
Gibisor’s {continuous), 223
Graham-Stecll (pulmonary  diastolic),
216, 183
hemic,
hummmg—mp (continuoun), z23
mnnocent, 273, 282 N
raachmery (conimuons), 223, 229
Mill-wheel (continuousy, 223
smtral diastole, 288
rmitral presystolic, 118, 270, 288, 206
rotral syetalic, 273, 282
propagation of, 9

INDEX

Murmer (contd }
pulmonary drastolrc, 216, 288
pulmonary sgstolic, 216, 220, 231
respiratory, 281
thyrond, 486, 491
to and fro, 364
train 1 tunnel {continuous), 223 .
tnicysmd duastolic, 306
tncusprd systolre, 304
ascular, 208
tenaus humming, 229
whining, 331
Myasthena gravis, 487
Mycotic aneurysm, 333
Myocardsa! abscess, 354
Myocardia} bruse, 529
Myocardiat ﬁbrosu (see Fibrosts of the
&eart
Jocardial mfucuun, 186~308
after-eflects, 405
and angina pectons, 405
antersor, 38y
anteso-lateral, 391
antero-septal, 391
aurscular fbrillation mn, 389, 403, 407
auncular flutter in, 389, 403, 407
blood pressure, 389, 408
bundle branch block i1, 362
cardrae aneurysm, 188, 107, 404
cardiac enlargement, 309
cerebral embolism, 404
cerebral thrombous, 404, 406
climcat festures, 388~
cloting time, 443
complications, 397
congestine failure, 403, 405
and coronary thrombos:s, 386, 387, 358
course, 307
dugnos:s, 485
dxcoumnml, 406
duet, 4
ectopic bens, 389, 397
electrocardiogram, 93, 389-97
electrokymography, 397
embolr (systemic), 404
erythrocyte sedsmentation rate, 389
etwalogy, 368
ferer, 389
gallop thythm, 389
heart block 1, 380, 403
heart sounds, 389
hepanin, 406
impending, 385
kymography, 44, 367
eft ventricular fajure, 403
ieucocytosts, 389
tocaton of, 337
smorphune, 4
waurcal thmmhos\s 388, 404, 445
myomalacia cordss, 3%
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Msoeardual infarcrion {contd }
nodal thythm, 403
Paroxy smal cardiac dysncea, 389
Paroxysmal tachycardia 1n, 389, 403
pathology, 188
Perfotated septum, 4oq
Perforation of, 355
pencarditiy, 405
Fhicbathrombases, 403
posterior, g4, 191
prognasss, 408
pulmonary embolism, 403, 406
quinidine, 406
Tuptured heart, 353, 388, 404, 405
wigns, 389
site of, 384
Symptoms, 388
nncope m, 385
traumatic, 31
treatment, 4of;
Yenous [lirnsure_ 389
Yentricular aneurysm, 388, 397, 4e.
sentricular ﬁbnllauon,J;q1,J4071 o
Xeray, 44, 307
Alyocardial 1schamia (sce Fschame heart
disease)
Myocardiat necross®
from acety-cholme, 322
in acute coronary msufficiency, 410
from digitalss, 322
n diphtheria, 312
sschamic, 188
in ssolated myocardites, 308
toxic, 3u4
vagal, 322
Myocarditis, 318-28
allergic, 315
m bactenial endocardits, 315, 331,

335

Chagas® discase, 315
clintcal features, 316-17
n digitalis poisoning, 322-5
diphthenytic, 311

in disseminated lupus, 315
from drugs, 326
electrocardiogram 1n, 105, 317
Tom emetine, 325

Fiedler's 318

mfluenzal, 316

wolated, 31821
memingococcal, 315
nephntic, 327

Protozoat, 315
Pyogentc, 22
theumatic, 266

1 scrub typhus, 315
salphonamide, 315
towe, 314

Myncarditis (contd }
treatment, 317
1n typhoad fever, 316
Myocardsum, nutntion of ¢35
Myomataci cordis, 38%
Myxwdema, 496~
anamia in, 496
anEina pectors m, 497
srtiheal, 1o1
basal metabalic rate, 496
blood cholesterol, 496
cardtac enfargement, 497
crculation time, 456
chinscal features, 456
tlectrocardiogram, 406
hydropericardium 1n, 336, 497
Tocal (in thy rotoxicosis), 488
Raynaud’s phenomenon, 456
from thiouracil, 190, 385, 492
treatment, 499
Myxoma, suncular, 193

NAB, 67
Natnelle’s digitaline, 148
Nephritis
acute diffuse,
1n bacterial endocarditis, 334
hypertension n, 417
myocarditis 1n, 327
pulmonary edema, 327
retnopathy, 424
in theurnatic fever, 332
venous pressure, 327
chronec, 433
cardiac enlargement, 425
hypertension, 416, 417, 418
wdema, 173
Prognosss, 435
retinopathy, 423, 424
embolic, 334
Neptal, 184
Nerve supply of the heart, 109
Neuro-cireulatory asthenia (see  Cardiac
neurosis), 535-45
nosmenclature, 535
Neutral efectrode, 68
Neutral segment, 26
Nicotine,
Nikethamide (coramine), 196, 455
Nitrites, 381
Nitro-glycerine, 378, 381
Nodal ectopics, 128
Nodal escape, 113
Nodal rhythm, 113, 117
Nodes of the heart, 108
Nodular goutre, 479, 485
Nodules
pericardial, 287
theumatic subcutaneous, 265
rheumatond, 25
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WNor-adrenaline, tn asthraa, 473
1 heart block, 124
Notchung of the R wave, 79. 99, 93
Wotching of the ribs, 208
Novarsurol, 184
Novocaine {intravenous)
sn paroxysmal tachycardia, 139
n ventricular fibnillation, 151
Nowuti, 185
Nutritional cardiopathy, 321
n ben-bers, 5141
n hypettensson, 157

Ob:stty
mn angina pectons, 381
efectrocardiogram, 86
aheart fadute, 139
n hypertension, 416, 436, 437
X-ray of heart i, 35
Obhgue posions {X-rav), 26~7
Qceupation (in angna pectois), 37t
Ocular funds (see Fund), 5, 423
(Edema, 172-3
allergie, 173
0 anemia, 173, 503
angioneurotc, 173, 338
carduac, 193
cerebral, 434
mfra-orbital, 173
lymphatic, 173
Milroy's, 173
nephritic, 173
nephratic, 173
physsology, 192-3
1n Pick’s disease, 349
putmanary, 158
rens) blood flow i, 173
rheumatic, 257
sodium 1etention , 173
starvation, 17,
I supenior vena cava obstiuction, 173,
363

treatraent, 184, 185

n venous thromboss, 173, 453
@sophageal lead, 73, 301
{Esophageat pam, 306
sophageal spasrn, 177
(Esephagus

displacement from

Teft

INDEX -

Qpposng movement, paws of, 26
Orthodiagraphy, 27
Orthopncea, 8
Orthostatic hy potension, 200, 538
Orthostatic syncope, 195
Ortnet’s sign, 293
Qsaillograph, 27
Osler's nodes, 313
Qsmotic pressuce {in @dema}, 173
Quabam, 148, 184
Overloading of the heart, 3154
Oxygen
arterio-venous dufference, 15
capaaity, 16, 17
carrying power of blood, 37
consumption, 15, 488
content, 16, 17
in cysnosed congenstals, 243
lack, 167, 201, 378
in pulmonary embolism, 455
1 pulmonaty heart disease, 484, 473
n pulmenary redema, 190
saturaton, 16, 17
unsaturation, 16

P, mverted, 83
n aurieular ectopics, 127
m coranary sinus rhythm, 116, 136
n dextrocardia, 204
n nodal shythm, 117
1n paroxysmal auricular tachycardm, 134,

135
P nutrale, 84
m aortic valve disease, 209
111 hypertensive heart discase, £4
1 left ventucular fasture, 84
in mutral stenos:s, 290
P pulmanale, 83
tn FalloF's tetralogy, 242
and gant @ waves, 176
n mitral stenosis, 290
physwology, 467
n pulmonaty cmbahs
10 pulmonary heart d:sease, 463. 467
1 pulmonary stenosis, 231
n thyratoxicosss, 487, 490
n tncuspid sterous, 397
wave
abnormal, 83

Teft nuncuhr mhrgtmem 37, 288
47

normal, 78, 467
hysi 67

pericardnal effusion, 61
right gortc arch, 42, 242
unfoldmg of the aarta, 429
obstruction of, 361
X-ray of, 26
(Estrogens, 200
Quiguna, 172, 174
Openng snap, 286
Ophthalmascopy, 5, 413

PR mterval
and heart sounds, 1o
n myocarditis, 352, 317, 331
normal, 71
prolonged, 118, 271, 356
shortened, 139
n rheurnatc cardiis, 271
Pacemaker, 1
wandering, 337
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Paget’s dicease, sty
Pan,
In thging pectonis, 375, 376
in dissecting ancurysm, 522
teft inframammary, 537
@ massive pul r

573

Paroxysmal heart block, 120
Paroxysmal hypertension, 417, 421
Taroxysmal tachycardia, 3135-41

aunicular, 132

angna pectons in, 332

i 1

t lism, 447

in myocardial infarction, 388

wsophageal, 377

Penicardia), 341

# pulmonary infarction, 483

spinal, 377
Palate, hgh-arched, 206
Pallor

m anzmia, 506
T Anxiety states, go6
@ hypertension, 422
1 myocardial infarcuion, 389
18 patoxysmal cardiac dyspncra, 160
peeiphera), 506
i pulmonary embolism, 440
1 3350-motor syncope, 1
Palimar fiush, g7
Palpation fof the hear), 6
Palprtations (in), 536
anxmis, 503
anxicty states, 536
auncular fibnillation, 147
ECtopae beats, 130
Ypertension, 422
Parovysmal tachy cardsa, 135
«hymm“cmn, 487
Pancardsns, 255
ancrestis, 4o6
Papiliedems (n)
acute nephritrs, 4.
bacterial mdocard:ns, 334
cerebral tumour, 424
hypemnsmn, 424
Pulmonary heart disease, 465
toxeemia of pregnancy, 424
P.!ncentesls, Ppenicardial, 348
Paradoxical embolisen, 457
10 eardiac catheterisation, 16, 242
in Fallot’s tetralogy, 243
Paradovical pulsation
of left auricle, 52, 283
of left ventuicle, 44, 397
Paradowical pulse, 349
Prasternal duiness, 160
Parasternal murmur, 222
Paravertebral mjections, 386
ardee’s sign, 97, 391
Paroxysmat auricular fibrillation, 147
N myocardsal infarction, 403
i thyrotoxicoss, 487, 403
Parovysmal auricular flutter, 142
Parovysmal bundle branch block, 126
Paroxysmal cardiac dyspneea (see Left 1en-
tricular fmlure), 15860
n rutral stenosss, 285, 291, 293

13
chinical features, 132-1
congestine fadure, 132
duagnoss, 132-3
n digitalis posoning, 322
electrocardiogram, t32-7
etology, 132, 137
1n heart block, 124
mechamsm, 13
n myocardial infarction, 403
in myocardius, 312, 317, 321
nodal, 132, 136
physiolory, 132
prognous, 132, 138
n rheumatic cardins, 273
1n Stokes-Adams syndrome, 123
supra-ventricular, 132
syncope 1n, 132, 194
treatment, 138
ventncular, 137
1 Wollf-Parkinson-White syndrome,

139,

Parry's disease (see Thnrotovicosts), 478
Partial heart block (see Heart block), 118~

120
Paste, electrode, 68
Patent ductus arteriosus, 2239
angrocardsogram, 224
bactenal endocarditis n, 227
carduac catheterisation, 224, 227
clinucal features, 223
n coarctation of the aarta, 209
differential diagnoss, 220
electrocardiogram, 224, 226
embryology, 206
n Fallot’s tetralogy, 236, 243
hemodynamics, 223
mcidence, 223
prognosis, 227
surgical treatment, 228
X-ray, 52, 224
Patent foramen ovale, 213
1n Fallot's tetralogy, 242
and paradaxicat embolism, 457
1n pulmonry hypertension, 245, 464
n pulmonary stenosis, 235, 232
Pedunculated myvoma, 193
Pentcillin
1 bactenal endocarditis, 337
1 pyogenic pericarditis, 354
1n rheumavic fever, 275
1n syphilitsc aortrtis, 367
taxic reactions of, 338
Pescussion of the heart, 7
m aneurvsm, 360
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Percussion of the heart (contd }

in emphysera, 465

1 pericardral effusion, 335
Percussion wase (of the pulse), 20

1n 2orfic Incompetence, 206

1N AOFUIC Stenosis, 300
Perforatson

of interventricular seprum, 4o4

of myocardial mlarction, 404

of sinus of valsaha, 523
Perr~ar!crms ;x;. 461

--ane 208 351

chinieal features, 344~y
collapse of lung, 345
differential diagnosss, 3z¢, 348
electrotardiograrn, 9y, 342-4
ctiology, 331
friction, 345

INDEX

Peripheral blood flaws
10 Atter1oy €nous aneurysm, §14
m thyrotovicosis, 489

Penpheral arculatory fatlure (see Crreula-

tary: fadlure}, 198, 3t1

Pernipheral cyanosis, 177
Peripherat neuntis

n beri-bers, 516

m diphthera, 311
Penipheral ressstance, collapse of, 10§
Periodic breathing, 167
Pernscious aneroa (see Anamia), §o2
Persistent truncus arteriosus, 50
Petechiz (in}

anmmia, 332

asphyxm, 531

bacterial endocardiuss, 332

fat embolism, 458

theumatie, 257, 263

salicylate porseming, 274

witamin deficiency, 332
Pethidme, 473
Phenobarbuone, 130, 437, 421

(sce
353, 354

n matignant bypestension, 356

m myxadema, 356, 494

paracentesis, 348

Percussion, 335

physiology, 344-5

purulent, 354

Q-Tc, 348, 332

treatmzent, 338

Keray, b, 345
Pericardial faresgn bods, 385, 525
Perscardisl hamatoma, 527
Prricardial ingury, 354, $25, 520
Pericardiectomy, 351
Pericarditss, 141-36

nun, 354

chrowie constictnve {see Frek's diseasey,

348-51

L 341
electrocardiograrm, 99, 3424
etiology, 341

fibninous, 331

friction, 341, 345

mahignant, 354

n myoeardal infarction, 355
pan, 341

preumococcal, 354

1 polyserositis, 353
pyogenic, 354

recurrent, §25

sheumatic, 266, 352
staphylococea), 354
streprococeal, 354

traumatie, 334

tubereulous, 353

uramic, 355

416, 417, 421
Phlcbnu. 445, 445, 453
Phlchograns, 19
Phlebothrombosis, 446, 453
treatiment, 454
Phonocardiogram (of}
aortic incompetence, 295
funcuonal  murral  diastolic  murmufy,
28

nnotent systohe murmur, 281
late mutral systohic murmur, 283
mural duastohe murmur, 286
mitral mcompetence (organic), 23
opentng snap, 287
presystolic murmur, 287
third heart sound, z1, 164
Phonocardiopraphy, 26-1
Phosphatase, 517
Photo-electric cell, 31
Physioloptcat bundie branch block, 140
Physiolomcal heart block, 133, 143
Physiology (see 1temn required)
Pick’s disease, 348-53
cardiac output, 347
chncal features, 349, 352
electrocardiogram, 99, 349
enology, 349
pathology, 348
physiology, 3.
surgical treatment, 35
Xeray, 61, 349
Pigeon chest, 216
Pigmentation
n thyrotoxiconss, 488
1 tricuspid stenosis, 306
Pistol shot sound, 296
Pitkon’s menstruum, 454
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Puressin test (ny

benbens, §16

eplepsy, 199
Prtutary srradiation (11 thy rotoxicosis), 493
Plasma imfusions, 114
Plasma, loss of, 195
Plasma proteins (in rdema), 173
Plateau pulse, 300
Pleurs, venous dramage of, 165, 174
Pleural effusion {see Hydrothorav)

hemoarrhagsc, 453

theumatic, 265

venous pressure in, ¥ N
Pleunsy. et

m pulmonary nfarction,

L 447,

rheumatie, 26, a5
Fleura-penicardiat adhesions, 165
Preumocorioss, 464
Preumonia

miocarditis in, 314, 31

Pericarditis in, 354 *

theumatic, 265
Pﬂrh)‘lhm changes 1n, 143
Pﬂ:nu‘mx;thvnx, systahic click, 165

of oppoting movement, 26, 34, 429

Pofanity of electrocardiogram, 68 e
Polansed cell, 65
Polyarthnins

aliergic, 256

dysentertc, 256, 260

Pulychromasns oy heart farture, 22, 175
Polyeythzemia (1) o
arterioy enous sneurysm of the lung, 513
Ayerza's dusease,
congenitat heart disease, 22, 177
congestive heart fatlure, 22
Falior's tetraclogy, 237
" Pulmonary heart disease, 22, 462, 404
olvgraph, 19
Palyserositis, 353
Polyura, 433
Postural hypotension, 195, 200
Pastural syncope, 196
Posture, effect on
angina pectons, 376
apex beat, 351
blood pressure, 5
cardiac output, 16
electrocardiogram, 86, 87
left ventricular farlure, 159
theumatic carditis, 275
nght auricular pressure, 158, 179
venous pressure, 169
vital capacity, 158
Potassium, 326
1n ectopic beats, 130
electrocardiogram, 103, 32%

Potassium (contd )
portoming, 326
th urarmia, 10§
and ventncutar fibnllation, 326
Potassrum 1odide m syphilis, 367
Pott's operation, 243
Precordial deformuty, 6
Precordaal Teads, 68
Presexcitation (W P W ssndrome), 130 41
Ptegnancy, so7~1%
bacteriat endocarditis in, s10
congenital heart discase 1n, 508
©electracardiogram, 508
hypestension m, 511
physioloiy, s07
rheumatic heart discase 1, 508
syncope m, 196
and thy rotoxicons, 495, 510
Premature heats (see Letopre beats), 127
Dressor agents, 418-20
Presystobic gallop (sce Gatlop rinthm),
104
Presystolic murmut
Austin Thint, 206
1n mitrat stenosts, 288
Primary pulmonary hypertension, 461-4
clinical features, 462
duagnoss, 463
electtocardiogram, 463
etsotogty, 461
imeidence, 462
pathology, 461
prognosis, 463
physiology, 462
treatment, 464
K-rays, 37, 403
Primary vascular sclerosis, 467
Procame pemcsifin, 33
Fropy] thiouracl (see ThwuraceD, 191, 492
Prostigmne, 138
Prothrombin time, 454
Protodsastolic. gallop (see Gallop shy thi),
:
Prowzo:i myocardstis, 315
Pseuda-cirrhosts of the lvet, 348
Paychogeme famt, 196, 53
Perchoneutoss (see Cardiac newrosis), 535~

545
Paychosamatic sizas and symptoms, 536~
o

Pulmonary apoplexy, 203, §13
Pulmonary arc, 2
Pulmonary arteriovenous sneurysm, 513
Pulmonsry artery

sbnormalities of, 52

aneurysm of, 475

anpiogram (normal) 31

atheroscleross, 461

cathetersation, 15

development, 206
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Pulmonary artery (contd )
dilatation (n}, 52

atnial septat defect, 52, 218
ben-ber, 57, 515
Eisenmenger's complex, 52, 244
1diopathic, 212, 475
rutral stenosss, 56, 288
nosmal vanation, 231
patent ductus, §2, 224

INDEX -

Pulmonary circulation (contd )

time (see Cireulatron time), 12-13, 161
Pulmonary congestion. B

in hypertension, 425

i left ventrnicular faifure, 158-61

m matral stcm)s\s, 53,288

Xeray, 53,
Pulmonary dmsmhc murmut {see Pulwons

ary mcompetence)

primary pulmanary h 57, Polmonary 435
463 Pulmonary embolism, $44-9
puimonaty heart disease, §7, 472, 475§ ar, 457

pulmonary stenosis, 52, 231
svphilis, 475
transposition, 246
ventricular septal defect, 56, 222
Xeray, 527
hypoplasia of, 57, 240
palpation of, 7
pressure (n)
atrial septal defect, 218
Bernhenn's syndrome, 425
Eisenmenger’s complex, 245
emphysema, 472
Fallot's tewalogy, 242
hypertension (essental), 425

1n bacterial endocarditis, 333, 445
blood pressure 1n, 448, 449
classification, 444

clinieal features, 347-9
electrocardiogram, 439-51

foreign body, 458
hzmodynamcs, 446~7
madence, 444

masofated myocarditis, 321, 445
malignant, 458

massive, 104, 447

n mitra} s\:nosxs 203, 444

sdsopathuc dilatation of the pt
artery, 212
matsal stenosis, 285, 29z
normal, 1
patent ductus, 227
physiolagy, 462
Pick’s disease, 349
prnary pulmonary hypertension, 463
pulmonary heart disease (anoxic), 472
pulmonaty stenosss, 231, 232
sentricutar septal defect, 220
puitation,
thrombosss of, 457, 475
Xeray (normal), 25-7, 35
Pulmonary atresia, 205, 236, 250
Pulmonary blood flow
dimmished wm
Eisenmenger's complex, 245
Fallovs tetralogy, 236, 230
pulmonary atrewia, 250
pulmonary stenomis with reversed in-
teratrial shunt, 232
rcuspid atresia, 250
ncreased m
2tnal septal defect, 216, 218, 220
Patent ductus, 233, 224, 227
perforated aortic sinus mto right side
of heart, 524
fransposition, 246, 250
ventricular septal defect, 221, 222
Pulmonary blond piessure (see Pufmonars
artery pressure)
Pulmonary cireulation:
physiology, 4467, 461~2, 464

w 403-4, 4967

445
Pa N, 447, 453
pathalogy, 446
and phiebothrombosis, 4456, 453
prognosts, 453
and pulmonary infarction, 447, 433
recurrent, 449, 461
sepuc, 457
sudden death, 449
syncope, 194, 44
f thyrotoxscosts, 493
and thrombo-phlebatis, 445
treatment, 454-7
venous pressure, 448, 449
Xoray evidence of, 453
Pulmonary hemosiderosts, 290
Pulmonary heart disease:
enoxic, 464-15
aneurysm of the pulmonary sstery i,
475
artenal oxygen, 464, 472
and Ayesza, 474
carpen~dioxide retention, 464
cardiac output, 156, 464, 465, 474
elinical features, 464-5
cangestne fufure i, 156, 465
cyanons 10, 464, 465, 472
definttion, 464
diagnous, 472
electrocardiogram, 83, 48571
emphysemna i, 465
ctiology, 464 ,
incidence, 464
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Pulmonary heart discare.
tnoxic {contd }
w kyphoscolions, 474
papitlcedema in, 465
Pathology, 464
polycythena, 465
Prosmous, 473
pulmonary antery pressure, 464, 472
Fesidual asr, 472
treatmene, 433
yaso-dilatation, 465
\3%0-motar collapse, 465
Yenous pressure, 465, 472
\ttal eapacity, 464, 472
Xoray, g7, 472
bypertensne (see Primary pulmonary
Aypertension), 461
subacute, 440, 459, 461
monany hypertension, 461
in atraf septal defect, 216
Bilharzial, 461
10 Ersenmenger's com
o mutral stenosis, 285, 202
N patent ducts, 227
10 Petiartenitia, 461
primary, 461, 463
n p:\;lz'nan:ry heart disease (anowic),

Tulmonary adema (contd }
hvpertension, 415, 435
mitral stenoass, 293
myocardual infarction, 389, 403
theumatie carditis, 270
ruptured sortic cusp, 30
trestment, 18990
X-ray, 44, 161
Pulmonary oligxtnia {sce Pulmonary blood
Slone, diminished)
Pulmonary P wate (sce P pulmonale), 83,

457
Pulmonary pleonamia (see Pulmonary blood
ote, tncrease
Pulmonary plethora (see Pulmonary blood
flote, mereased)
Pulmonary sccond sound (sce Second heart
sound), 10
Pulmonary stenows (excluding  Fallot’s
tetralogy), 229-36
angiocardingram, 234
and atrial septal defect, 231, 232
bacterial endocarditis m, 231, 330
cardiac cathetenisation, 232
classification, 203, 232
<hinical features, 229
cyanous 1n, 232
diagnous, 231, 232
electrocardiogram, 231

m fecurvent pul bol,
r Y 461
second heart sound m, 1o, 462
Pum ventricylar septal defect (contd )
Imonary hypoxia, 464
monary f

229, 232
snteratrial reversed shunt m, 232
intenentricular reversed shunt i, 232
patent foramen ovale n, 232

atrul septal defect, 216 ’
ISenmenger's complex, 2.
tdiopathic dilatation of tl‘-z pulmonary
arftery, 212
itral stenosts, 288
patent ductus, 223
pulmonary embolism, 440
Pulmonary hypertension, 462
ventocular septal defect, 222
monary nfarction (sec Pubnonary em-
olism)
in bacteral endocardiuis, 333
«<lmnjeal features,
in congestive heart failure, 174
hydrothorax 1n, 174
M 1solated myocarditis, 321
Jaundice 1, 175
m mitral stenowss, 293
pathology, 447
-ray, 433
Pulmonary sschaemua (see Pulmonary blood
flow)

Pulmonary cdema (see Left vemtricular
Salure), 158-62
acute nephnitis, 327
anzma, so3

229

prognosis, 231

subvalvular, 220, 232

surgical treatment, 231, 236

syncope, 232

valvular, 229, 232

senteicular septal defect m, 231, 232

X-tay, 52, 2131, 232
Pulmonary systolic murmur (in)

atral septal defect, 216

Fallot's tetralogy, 237

functional, 231

patent ductus, 223

pulmonary stenoss, 229

ventrcular septal defect, 222
Pulmonary thrombosis, 447, 475
Pulmonary tuberculoss (1n)

Fallot's tetralogy, 243

pulmonary heart dssease, 464

pulmonary stenoss, 231
Pulmonary valvulatomy, 231, 236, 244 |
Pulmonary vascular aclerosis, 461
Pulmonary vaso-constnction, 462
Pulmonary vemns, anatomy of, 234
Pulmonary venous congestion (sce Pulmon-

ary congestion), 160-1, 288

Pulmonary venous samples, 213, 234
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Pulse (and see Water hammerk
alternation, 166
anacrotic, 3, 300
n gortic meompetence, 295, 206, 207
10 BOTC stenosis, 300
1n atherosclerosss, 419
bigeminal, 129, 300
tnsferiens, 300
capillaty (see Capiilars pulsation), 297
1n coarctation, 3, 2
collapsing (see Water hammer), 122, 295,

297
Corrigan (see Water hammer), 297
defayed, 3, 208
dicrotic, 314
double, oo
1n hypetlunenie cisculatory states, so2
hypertensne, 422
sugular (see Venous pulse), 169-91
‘paradoxical, 339
platean, 300
pressure, 5, 487, 507
rate, 110-113
slow nising, 300
small (i)
A0TUC Stenosts, 300
atnal septal defect, 216
crculatory fattute, 311
mutral stenosis, 286
Tavocardins, 312 317, 118
pericardial effuston, 345
Pick’s disease, 349
pulmonary embohsm, 449
syneope, 198
\aso-constriction, 416, 422
ventricular septal defect, 222
sustaned, 300
velacity, 20
venous (see Venons pulse)
water hammer (seec Water hammer pulse),
3, 206
waves, 20
weskness (umlateral), 3
Pulsus alternans, 166y
Pulsus tardus, 300
Pupils (n)
Cheyne-Stokes breathing, 168
Horner's syndrome, 365
epilepry, 168
syncope, 198
Purkinye fibres, 108
Purpura theumahica, 257
Pyelonephritis, 416, 418, 436
Pyogenic myocardstis, 322
Pyogenc pencardins, 354
Pyridoxin {n thyrotoxscons), 491
Pyrogens, 37

Q ware.
in myocardial infarcuon, 93, 389

INDEX

Q wave (contd )

normal, 78

i obesity, 86

physiology, 60

n pregnancy, 86

n pulmonary embolismn, 449, 450
QRS complex.

nbnonmlme-s. 8593

arca, 8t

aus deviation, 85~87

basic patterns, 73~

n bundle branch b(ock, 90-3

1n chest feads, 70, 73

10 feft ventricudar preponderance, §7

1 myocardsal mfasction, 934, 97 359~

397

nomﬂ, 70,78
notched, go
physwology, 67, 68-70
1 potasssum posioning, 195, 326
n pre-excstation, 139
10 right ventricular domunance, §8
in ventricular ectopic beats, 129
w ventricular tachycardia, 137
widened, §9, 105

QRS vector, 82

Q-T wterval, 79

Q-Te Gin), 79
digitalis therapy, 323
hypocalcemia, 326
pericarduat effusion, 348
pofassium porsofng, 19§
rheumatic carditis, 277
uremia, 3

Quincke's dems, 173
from pemasthn, 338
from quimdine, 149

Quinsdine
action of, 1.
1n auncular ﬁbnllauon, 148
m auncular flutter, 145
dose, 139, 749
1 ectopic beats, 130
hypersensitivity, 349
ntravenous, 139
in myocardial mfarction, 151, 408
m pzroxysmn‘ tachycardia, 139
11sks of,
m \mmcular fibnillation, 151

R wase (see QRS compler)
Rabbit, heart rate in, 110
Radual pulse, 3
Radio-atuse 1odner
far artificeal myxeedema, 191
10 thyrotoxicons, 490, 493
Radio-sctive sodium, 13
Radiology of the heart (sce Norays, 8040
item o 1echnique tequired), 25-63
Radio-opaque substances, 3¢
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Radum C, 163 Rheumstic fever (contd )
Rales, basal, 162 and cardiac neurosis, 236
Rapid ventncular filling, 156, 236 chorea in, 26t, 278

Rat, heart rate n, tio clinieal features, 259

Rate output cune, 178 cortisone in, 375
Rawmauds phenomenon {in myxcedema),  course, 274

erythema marginatum, 26;

4 3
Read’s formula, 488 cerythrocyte sedimentation rate, 274

Recurrent laryngeal patsy:

ctiology, 255-7
m aneurysm, 261 hepann tolerance, 266 .
n miteal stenoais, 203 3y features P

Reduplicated heart sounds, 164 59
Regression wave, 67 ieudence, 25§

Renalblood flow in congestie faure), 173 nodules, 265
Renal function testa, 22

pathology, 257
Renal hypertension, 418, 419, 421, 436 petechux, 263
Renal mfarction, 334 pleunisy, 265
Renin, 419-20

preumonta, 265
polyarthritis, 260
Residual air, 17 prognows, 276
1 emphysema, 472 recurrence, 275
mn {eft ventricular faiture, 161 and rheumatoid arthntis, 250
Respiratory salicylates, 261, 273
cenire (in Cheyne-Stokes breathing), 163 skin lesions, 263
bo!, b

eserie air, 17

fadure (o pul,
murmurs, 281

hip, 255, 260
treatment, 274
snus arthythmia, 109 Rheumatic heart discase, mactine (see
Rest (see Bed.rest) under Valte leston)
Renculocytosis (in congestnne failure), 22,  adherent pericardium, 308
175 20THic InCompetence, 2949

Retmapathy,, gortic stenosts, 299-303

 bacterial endacarditis, 335 ieidence, 280
diabetic, 24 of valve lesions, 280

hypertensive, 423-3 rmitral mcompetence, 280~y
Retnoscopy s, 423

mitral stenosis, 284-94
Retrograde aorto; myocardial fibross, 367
graphy, 209 !
Retrograde heart hufck, 117, 128 rheumatic hstory 1, 280
Rheumatic artenitis, 257, 285 treatment, 308 -
Rheumatic carditis {and sec Rhenmatic tricusprd incompetence, 303
Jerer), 2ty tricuspd stenosis, 30677
aortic duastohe murmur, 270 Rheumatic dm:}; n‘zmn.-6 : ) 255
auncular fibrl Rheumnatord arthatis, 2
cardiac e;ﬁ::;::::: ‘2&273 Rhythm changes (S;e particular rhythm
tongestre falure, 270 required), 168~51
course, 275 Rib notchung, 20!
“duagnosis, 273 Ruce diet, 185, 438
decﬂomrdmgmm, 270 gnd&n% nzr::;::iaﬁ
gallop thythm 1n, 273 redel’s disease, 48

mutral distolic murmur, 270
n mitral stenosis, 293, 294
mmutral systolic murmur, 273

mortality, 276
pathology, 25 Ge Usas e €
Penicarditss, 266, 352 sphit-second sound 1n, 10, 126
Q-Te, 272 Right-sided sorta, 42, 236, 242
relapse, 275 Rught ventricle
teatment, 27, conus of, 27, 47
Rheumatic fever, 255-77

underdeveloped, 249, 250
ACTH 1, 275
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Right ventricular enlargement (m), 57~0
atrial septal defect, 52, 218
ben-ben, 515, 516
cardiac impulse 1, 216, 237, 462
ceeur en sabot in, 57, 240
Ebstem’s disease, 203
Eisenmenger’s complex, 244
electrocardiogram, 88-9, 232, 463
Tallot's tetralogy, 57, 240
mmtral stenosis, 283
pulmonary mcompetence, 212
pulmonaty heart disease, 57, 472
pulmonary hypertension, 462, 463
pulmonary stenosts, 52, 231, 232
night bundle branch block, 126, 218
subacute cor pulmonale, 459, 499
tricuspid incompetence, 303

Right ventricular failure (in), 168-91
atral septal defect, 216
beri-ben, 515
massive pulmonary embolism, 419
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
1 pulmonary stenosis, 231, 232
raised (see Pubmonary ki pertension)

Rigors
and blaod pressure, 416
1n cardiac catheterisation, 16
wn paraxysmal cardiac dyspnoea, 293
and \enous pressure, 16a

Ringing second sound, 359

Rocntgen rays (see Xrays)

Roesler's stgm, 208

Root pans, 361

Rotation of the heart (and see Clockrcise

rotation), 35
anti-clockwise, 73, 83, 85
clockwise, 70, 82, 85

Rotch’s sign, 145

RS-T segment
abnormalities of, 93-105
depression of

m acute coronary insufficiency, 410
M angma pectons, 1ov, 378

in anowi¢ states, tot, 102, 410

from dimitalis, 101, 32,

n feft bundle branch block, go

n kg ventricular preponderance, 87,

A2

elesation of,
in left bundle branch block, 9o
in myocardual infarction, g4, 189
n pencarditis, 9o, 342
reciprocal,

normal, 79

INDEX

Rupture of aorta*
1n coarctation, 211
m dissecting aneurysm, 522
traurnatic, 528
TRupture of aortic aneurysm, 360, 363
Ruptured acrtic cusp™
1n bacterial endocardutis, 331
traumatic, 530
Ruptured sortic sinus, 523
Ruptured chorde tendineze, 530
Ruptured heart
n cardiac aneurysm, 404, 405
m myocardial infarction, 404
traumatic, 528
Ruptured mitral valve, 530
Ruptuted pulmonary artery, 475
Rutin, 332

S ware (see QRS)

normal, 74, 79

phystology, 69
Sacchanm circulation time, 13, 31, 161
Saccular aneurysm (see Aneury ), 38, 359

364
Salicylates, 261, 274
Salne
mtusions, 503
manometer, 11, 12, 13
Salt restracthion (see Sodum), 185
Salyrgan, 184
Scarlet fever, 256
Scobosts, 6, 33
Scrub typhus, 315
Second heart sound, 10, 163
absent.
in aorhic stenosis, 30t
n emphysema, 4635
accentuated sornc clement'
hypertension, 424
accentuated pulmonary efement
Eisenmenger’s coraplex, 244
mitral stenosis, 286
‘patent ductus, 224
pulmonary hypertension, 462
ventncnlar septal defect, 222
ringing, 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 oblique position, 27
Second ventricular deflection, 67, 73
Secondary imversion of T wave, 87, 89
Sedatives (in)
congestise heart falure, 379
ectopic beats, 130
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Sedatives (1) (contd )
hvpertension, 437, 440
myocardiaf infarction, 406, 407
pulmonary heatt disease, 473
thyrotoxicosts, 491

Sedimentation rate (sce Erythrocyte sedi-

mentation rate), 22

Bemi-beats of Slokes’, 122

Septal nfaretion, 392

Septic endacarditig, 330

eptic myocarditys, 322

2:’;": p:l;lcardm!, 154

Septic pulmonary safa

e 1y infarction, 453

ter-auricular, 213
Primum, 213
secundum, 213

Serum

albumin, 173
Shuckncsy, 3t
1fung nodal rhyl
Shock, 195 1
#nd coronary insufficiency, 408
W dissccting aneurysm, 22
electrocardiogram, 310
0 myocardial infarction, 389
10 pulmonary embolism, 447
Short £-R intersal, 139
Short Q-T antenval, 325
Shrapnel wounds of the heart, 525
Shunt (see st or Ve

Stnuv tachy cardia (contd )
tn pulmonary embolistm, 440
in rtheumatic carditis, 2§y, 276
in thyrotoxicosty, 487
Simnus of valsahva, perforation of, 220, 523-5
Situs inversus, 204
Shun resistance, 68
Shding nodal thythm, 117
Slow-nising pulse, 300
Slurnng of QRS, g0
Smithwick operation, 439
and post-operatine hypatension, 193
Smoking (see Tobaceo)
Sodim (sce Lot soditin dier), 1859
amytal, 440
benznate, 338
cyande, 12
dehydrocholate (decholm), 12, 161
retention, 173, 32
sahcylate, 263, 274
Soldier’s heart {see Cardiac neurons), 535
Sounds (see Heart sounds), 1o, 163
South American trypanosomiasts, 315
Southey’s tubes, 189
Specific aorutis (see Syplirlinic), 358
Speaific grayity
of pleural flud, 174
of urine, 433
Sphy gmomanometry, 3-5, 416
Spider nxs1, 517

!
detection, 16, 511, 513 '
Teasurement, 221, 242
Sighs, 536 +
Silicosis, 464 -
Silver wire artery, 423
Single second sound (see Second heart
sound), 240
Swmo-auricular block, 114-15
Swo-aunicular node, 108, 109, 387
Sinus arrhythma, 100
Smug bradycardsa, 112753
i acute hvpertensson, 110
m athletes, 35, 110
cardizc enlargement m, 3
1 myocardial nfarction, 339
1 myxeedema, 496
n syncope, 195, 197
Sinus node, 108
Sinus thythm, 108
Smnus tachycardua, 110-12
n anxiety states, 537
1n congestave heart fatlure, 178
differential diagnosis, 111, 133, 142
effect on the heart, 112
m hyperkinetic circulatory states, 502
m myocarditss, 312, 317, 31
1n percardual effusion, 345
physiology, 11011
1n Pick’s disease, 349

Spmal def .
Spinal hgamentous pain, 377
Spirochztal sortitis (see Syphlnic), 358
Spirometer, 17
Splanchmic denersation, 439
Spleen, enfargement of
1n bacterial endocarditis, 332
1n congestine failure, 171
Splenic infaret, 332
Splinter hemorrhages, 332
Split heart sounds (and see Second heart
sound), 10, 163, 164
Squatung, 237
S-T segment (see RS-T segment)
Stab wounds of the heart, 354, 527
Standard leads, 77
Standardisation of electrocardiograph, 68
Staphylococcal
endocarditis, 330
myocarditis, 354
perscarditss, 354
resistance to pentcillin, 337
Starling's curve, 155
Stasling's law, 154, 205
Starvation cedema, 173
Status angmosus, 366, 380, 384
Status lymphaticus, 52
Stellate ganglionectomy, 386
Stellwag’s s1gn, 485
Sternurn, depression of, 35
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Stethoscopes, 7-8

Sulbestrol, 200

Sull's disease, 265

Stokes-Adams atracks, 122

Stramned heart, 542

Streptococeal,
endocanditis, 338
myocarditis, 315
pencarditis, 354
polyarthnitis, 360

Streptacoccus and rheumatic fever, 255-6,

260-1

Streptomycm

m bactenial endocarditss, 338

towe effects of,

n tuberculous pericarditis, 353
Stretch receptors, 285
String galvanometer, 67
Stroke volume (in)

aothic incompetence, 204

J0TNIC SWNOSIS, 299

atrial septal defect, 216

bradycardua, 35

complete heart block, 123

congestive failure, 145

mutral iIncompetence, 282

mteal stenosis, 285

patent ductus, 223

pericardial effusion, 344

Pick’s disease, 349

premature ectopic beats, 129

tachvecardsa, 110

thy rotovicosis, 48¢

tncuspid stenosis, 366
Strophantiun

'n auricular fibnllation, 148

m heart failure, 184

1 puimonary embolism, 455
Sturge's digease, 511
Subacute bactersal endocarditis (see Baco

tenial endocarditis), 330

Subacute pulmonary heart disease, 449, 459
Subacute rheumatism, 260, 331
Subaoruic stenosis, z12
Subaoric window, 27
Subarachnoid hemorrhage, 211, 434, 511
Subclavian artery

development of, 206

variations of, 211
Subeutaneous nodules, 258, 266
Subntimal h:morrhage, ¥74. 384
Substernal goitre, 485
Substernal pawn, 375~7
Subtotal thyroidectomy, 490-1
Sudden death (in or from)

angina pectoris, 150

aortic stenosis, 150, 193, 300

blows, 528

cardrac syncope, 193

chloraform, 326

INDEX

Sudden death (contd.)
coarctanon of the aorta, 212
digatalis, 150, 322
diphthera, 150, 312
dissecting aneurysm, 522
indirect trauma, 528
mercurial diuretics, 151, 184
myocardial infarction, 397
myocarditss, 3x 5, 328
potassium, 326
pulmonary embolism, 449
rtheumatsc carditis, 277
ruptured aneurysm, 363
ruptured heart, 528
Stokes-Adams syndrome, 122, 124 193
<y phdmc nomns. 363, 365
traum:

\emnmlar i)bnl]anon, 150, 193, 397

Sugar-iced liver, 353

Sugar tolerance
n thyrotoicoss, 488

Sulphonamide myocarditis, 3£5

Sulphonamides®
in bacterial endocardms, 336
in rheumatic fever, 277

Summation gallop, 165

Superior vena cava
angocardiogram, 34
obstruction, 170, 360
Xeray, 257, 59

Supra-aortic triangle, 27

Suprachol (see Decholin), 12

Supra-rena
fafure, 311
Tumonr, 421

Supraventricular tachycatdn, 132

Surgical kidney, 416, 418, 436

Surgical treatment of
aneurysm, 363-4
angina pectons, 386
arteriovenous sneurysm, 514
cardiac compression, §
cardrac failure (by lhyrmd ablation), 199
caarctation of the aom, 21z
Fallot's tetralogy, 2
gunshot wouad of (he heatt, 526
hxmopericardium, 355, 529
hypotensian, 439-40
rtral stenosis, 308
patent ductus, 228
Pick’s disease, 357
pulmonary atressa, 25¢
pulmonaty congestion, 308
pulmonary embohsm, 455
pulmonary stenosis, 231, 236
stab wounds of the heart, 527
thyrotoxicoss, 490
tricuspid atresta, 250

Sweatng
emotional, 538
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Sweaung (contd )

in myocardial infarction, 389

m pulmonary embolusm, 449

thyrotoxic, 538

m aasovagal syncope, 198, 199
Sweet efover discase, 454
Sydenham’s chorea, 262
Symballophone, 8
Svmpathectomny -

n angina pectons, 386

in hypertension, 439
Syncope, 193-201

anovic, z01

1 dortic incompetence, 194

n o1l stenosts, 194, 299

'n suricular fibrllation, 147

tn ball thrombus, 193

€ardiac, 193-4

in cardiac compression, 194

from carduae standstill, 193

carotud sinus, 5967

cerebral, 197, 200

tom chemical agents, 195, 196, 200

climical features, 197

differential diagnoss, 197-9

electrocardiogram, 102, 410

etiology, 193, 194, 193, 200, 201

from hzmorrhage, 195

hypenentytation, zoo

m fordosis, 472

n massive pulmonary embolism, 449,

194
mechanism, 193, 195, 200, zo1
0 myocardual infarction, 389
orthostatic, 195
n paroxysmal tachycardia, 132, 194
in pregnancy, 196, 507
n pulmonary stenoss, 229
Psychogenic, 196, 518
11 Stokes-Adams syndrome, 122
treatment, 200
‘aso-motor, 101, 194, 197
\asowagal, 194, 197
Tom ventricular fibnillation, 150, 193
Syphulitic aneurysm, 35064
abdamunal, 361
angiocardiogram, 363
of the arch, 360
of the ascending aorta, 359
caleificanion, 363
chnical features, 359-61
complications, 360, 363
course, 3t
fusiform, 38, 359, 364
nedence, 359

X-ray, 38, 3613

Syphilitic angma pectors, 366
clinical features, 366
course, 366
athology, 366
phyuology, 366
treatment, 367

Syphilitic aortic sncompetence, 364-5
clinacal features, 364-5
course, 365
clectrocardiogram, 365
erythrocyte sedimentatinn rate, 365
sncudenee, 358, 364
pathology, 364
X-ray, 364, 365

Syphiliuc sortitis (s Syphelitic ancurysm,

angina, and corhic incompetence)
aniocardiography in, 363, 364
and congenital syphilis, 358
confirmatory findings, 358
erythrocyte sedimentation rate mn, 358,
365

maidence, 358

Kahn test in, 358

occurrence, 358

pathology, 358

treatment, 367-8

Wasserman reaction in, 358

X-ray, 39, 361-3, 364
Syphilitic endocarditss, 358
Syphilitic heart black, 367
Syphulitic myocarditis, 358
Syphilitic pulmonary arteritis, 474
Systolic blood pressure (see Blood pressure),

H
Systohie click, 156
Systolic expansion of the left auricle, 52,

283
Systolic gallop, 165
Svstolic indraw mg, 6
in adherent penicardium, 351, 352
Systohic musmurs (see Aortic, Mitral, etc ),
273, 281, 503

T wave

abnormalities of, 93-105

accentuated
posterior cardiac infarction, 391
potassium poisoning, 104, 326
urem, 104, 32

nverted
anmma, 506
2ortic stenosis, 301
carbon monowide poisoning, 102, 410
digitalis therapy, 101, 325
diphtheainc myocardits, 312
hypertensive heart disease, 87, 426
myocarchal infarction, 93, 389-97
myocarditis, 104, 317, 318
mysedema, 103, 494
nephrnitis (acute), 327
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T waves
wnverted i {contd )
pencarditss, 69, 342-4
Pick's disease, 249
pulmonary eraboliem, 449-51
pulmonary hypertension, 463
pulmonary stenosis, 231, 242
normal, 734, 79
physwlogy, 67
Ta wave, 67
Tachycarda (see Sinus tachycardia), 110~

Tachypneea, 536
Tamponade (see Cardiac compressian), 335-

34

Tawara’s node, 168
Teleradiography, 29
‘Tetany, hyperventilatian, 201
Tetraecthylammonium bromide

i hypertension, 422

wm left ventricular failure, 196

n syncope, 195
Tetralogy of Fallot (see Fallof's tetralogy),

2;
Theobromme, 185
1 hyl Amino-

DEX

N
Thyrod extract (1n myxcedema), 499
1n thyrotoxicoss, 493
Thyrod gland
enlargement (see Gottre), 479
hustology, 479
total ablation, 190, 384
Thyrod hormone, nature of, 478
Thytrordectomy-
for angina pectons, 3184
for congestive failure, 190
for thyrotoxicosis, 490
Thyroiditis, 486
Thyrototic crises, 493
Thyrotowie heart disease, 478
pathology, 480
Thyrotoxicosts, 478-96
angina pectons i, 495
auncular fibrilation m, 487, 493
basal metabolic rate, 488
blood cholesterol, 488
cardiac enlargement, 487
cardiac output, 489
cardiovascular signs, 487
arculation time, 489
climical features, 480-8

phylline), 100
Thuamine, 515
Thiouracil
n angina pectons, 185
in artificl myxeedems, 190, 385
m congestive heart failure, 190
m pulmonary heart disease, 474
in thyrotoxicosts, 301
toxic effects, 492
Thsacyanates, 438
Third heart sound
n mitral stenosis, 286
normal, 163, 164-5, 166
physiology, 165
n Pick's disease, 249
n pregnancy, 307
in proto-dustolic gallop, 165
In summation galfop, 163
Thoracic deformity
from cardiac enlargement in chaldhood, 6
depressed sternum, 35
displacing heant, 6, 35
kyphoscoliotic, 474
pigeon chest, 316
scolotic, 6, 35
Thrlls (see Related murmur)
detection of, &
Thrombo-embolism, 444
“Thrombosphlebitis, 335
chmical features, 453
teeatment, 454
Thrombesis(see 1 essel ortertitorymyolved)
Thy roglobulin, 478
Thyroglossal €331, 4827

farture 1n, 487, 493
contributory etiologeal factors, 480
decalesfication of bone, 488
dragnosis, 488—9
electrocardiogram, 487, 490
enology, 477
eye signs, 481~
gostre, 4854
hands, 485
historical note, 478
hyperkinenc cireulation, 487
and hypertension, 404
todine 1, 489, 497, 492
Tocal myxardemna in, 488
and mitral stenosis, 404
and myasthema gravis, 487
pathology, 479-80
penipheral blood flow, 489
physiology, 480
pigmentation, 488
patutary sradiation for, 493
and pregnancy, 495
PrOgnosiS, 495
and pulmonaty embolism, 493
radio-active jodine 1n, 490, 493
relapse, 402
and rheumatic heart disease, 494
tachycardn, 487
thiouraail in, 491~
thyroudeciomy for, 4902
and tonsillitis, 494
treatment, 4904

ufinary creatine test, 489
X-ray sppearances, 487
X-ray therapy, 493
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Thyrotropic hormones, 479, 48t Tremor, 485
Thyroxme, 478, 480 Trendelenbeng operation, 45%
Ties, 261 Trengle
Tic-tac rhythm, 178 Einthoven’s, 68, 83
Tidal sir, 17

Tidat mare, 20
Time-concentration eurie, 13
Tone-marking, 67
Tinmtus, 274
Tobacco, 130, 326, 38¢
Todd units, 261
Tonsllectomy~

n theumatic fever, 275

m thy rotoxicosts, 494
Tonsilhtis, in theumnatic fever, 260
Tortuosity of the aorta, 39
Toxxmua of pregnancy, 327, 417
Toxicmy ocarditis(see Myocardifns), 317,314
Tracer substances

iodine, 490

um, 13
Tracheal displacement-
from aneutysm, 361
from gontre, 485
Tracheal obstruction, 361
Tracheal tug, 361
Transiion zone, 70
Transposition of the great vessels, 246-50
Transudate, 1
Transserse diameter of the heart, 34
Transverse posttion of the heart
clectracardiogram, 77
Xeray, 35
Traumatic lesions of the heart, 521-32
anginz pectorts, 31
aurieular fibrillation, 531
from blast, 355
from blows, 355, 528, 529, 53¢, 531
crush injurres, 355
from direct trauma, 525-7
from electric shock, 531
from falls, 528, 530
gunshot wounds, 354, 525-7
hzmopericardium, 354, §25, 529
from head snjuries, 531
heart block, 531
from mdirect trauma, 528-532
medico-legal aspects, 532
myocardial contusion, 355, 528-39, 532
myocardsal foresgn body, 525-6
myocardsal nfarction, 532
penicardial foreign body, 355, 52576
pencarditis, 3545
ruptured aorta, 211, 355, 528
ruptured aortic cusp, 530
ruptured heart, 528-9
ruptured miteal valve, 530
spontancous lesions, 5215
stab wounds, 354, 527
sudden death, 528

supra-soruc, 37
Tenangular pad of fat, 35
Travat reference system, 81
Tricuspad atresia, 250
Tricuspid duastolic murmur, 306
Trcuspid mcompetence, 3036
catheter studies, 304
clinwcal features, 304
diagnosis, 303
functional, 303
hepatic pulsation, 304
a0 pulmonary heart disease, 462
rheumatic, 303
senous pulse, 170, 304
Xeray, 59, 304
Tricuspad stenosis, 3067
cirrhoss of the lnver 1, 306
clinical features, 306
mant @ wae, 170, 306
physiology, 306
\enous pulse, 170, 306
X-ra3. 59, 307
Trcuspid 1alvulotomy, 308
Tontnn, 381
Trple thythm, 163-6
Tromevan, 455
Trueta’s theory, 421
Truncus arteriosus
devclopment of, 200
persistent, 250

PO,

Tumours
myxomatous, 193, 321
perscardual, 354
thabdormyoma, 321
secondary, 120, 32

Twms, 203

Tuatching
alkalotic, 201
anowe, 193
1n syncope, 123, 193

Typhoid fever, 316

Typhus, scrub, 315

Uware
1n angina pectons, 192
in digutalts therapy, 8o
1n hypertension, 80
snversion of, 8o, 102, 226
in left ventricular stress, S0
normal, 79
1n patent ductus, 226
1n right ventricular stress, 8o
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U waves (contd )

n ventricular sepral defect, 222
Utceratne endacardsiss, 430
Unfolding of the aorta, 30, £25
Unylateral exophthalmus, 481
Umpotar teads, 68, 74
Urmimaa

mn bactenal endocarditss, 334, 316

pericardatis o, 355

from sodium depletion, 185

T waves, 108, 326

and vaso-hlatatian, 321
Urea

bload, 22

25 a diurctic, 185
Unnary creatsne, 488
Utwe

i bactermal endocardius, 334

m embolic rephuitss, 334

e essential hypertenston, 433

exsmunation of, 21

m heart fasluse, 174

tm malignant hypertension, 433

n pephec hypertension, 433

1 tenal infarction, 334
Urticara

from pessesthin, 338

sn thenmatic fever, 263

m serum sickness, 321

and syncope, 195

¥V leads, 68, 74
© wase, 19, 170
snd ruted dastolic musmay, 266
normal, 19
and openung snap, 286
and thysd heart sound, 163
M tricuspsd mEomperence, 170, 304
Vagal mfluence
on auncular Rbedlation, 531
on aunculas Rutter, 42
e cardiac standstill, 115, 153
19 depressor reflex, 113
o focal myocardial necrosn, 322
on heart block, 158, 123
i nodat thythm, 127
on pacesmaker, 100
1 pulmonary embolism, 439
n sino-auncular black, 115
n snue 2rthy thmi, 109
m sinus bradycardia, riy
iy sudden death, 528
in syncops, 194-6, 193
Wagal paralysts, 110
Valsslsa's experument, 224
Vahe-amplify g osaillograph, 67
Valves {sce dorfic, Mitral, ete)
auscultatory sites of, o
in bactenal endocarditis, 330
colufied, 61

INDEX

Valves (contd.}
cangenital Yesiens of, 212, 220-34, 250
1 dissecting aneurysin, 322
position of, 83, 242
1o theumatic cardins, 2578
rheumans lesions of, 280~307
rupture of, §10
‘syphaliuic, 364
vaseularity of, 257

Valvulitis (theumate}, 2578

Van Slyke's apparatus, 16

Vagicose vemns and pulmonary embolisa,

443

Vascular mucmars (see Murmurs), 268, 487
Vase-constriction

s acute nephaitss, 417

n congestwe falure, 178

1n essential hypertensson, 420

m hemarrhage, 185

m hyperyenutation, 201

w left ventrsoular faure, 160

1n massn e pulmonary embohym, 447

m muteal stenosss, 385

n pencardial effosson, 348

in Pick's disease, 349

pulmonary, 462

m renal hypertensson, 418
Vaso-ditatation

m aneraa, 503

tn gnoxzc cor pulmanale, 465

10 SORUC IRCOmpRtence, 295, 297

1 ArtefsOLeNOUS Aneurysm, ST4

n ben-bert, 316

chalinergc, 200, 316

sn hepanc fasluare, §17

hsuaraine, 200

11 hyperkinetic cireulatory states, 503

menopaussl, zon

m syncope, 1946

thyretoxic, 487
Vaso-mator collapse

10 cor pulmanale, 465

m diphthersa, 315

1n syncoDE, 193

foue, 314
Vaso-vagal syncope, 194200 -
Vectot, cardhac, 8oz
Vectorcardogeam, 8
Vegetatn e endocarditis, 330
Vemns {sce Fenaus}
Vena cava {sec F 17 C 0e ST O}
Venesection, 179

Bioodless, 195

n congestive faslure, 179

w1 hypertension, 437

10 Jefy ventrcular faidure, 190

m pulmonasy freart disease, 474

and syncope, 105
Veno-arterial shunt (in}

Fatlo's tetraogs, 236
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Vewo-Ttemal shunt (contd )
senimenger'y complex, 244
taradoxscal embolnm, 457
PeTsistent truncus, 250
yulmonary arteriosenous sncuryim, §13
Fulmonary stenons with teversed mter-
atral shuny, 233
Pimonary hypertenston with resersed
shunt, 2456
transposition, 246
Jricuspid etresia, 250
nous cannon wases, 136
i complete heart block, 122
\ with fong PR interval, 8
.wnous fling pressure, 16, 154
enous hum, 229
\vmom lization, 455
mmumsurc-
©on abdominal compress:
0 2scites, 191 presnen, 162
and eardiac output, 154
m Cheyne-Stokes breathing, 16%
chmecal estimation of, 165
¥™ complete heare biock, 120
conpestne falure, 1
By nlure, 155-6, 168-70, 171
n hugh output states, 1
J 5 155, 156, 171, §02
n }qdmmc states, 171 ’
0 intestinal distension, 171
::\l?(l‘mﬂlhonmc pressure, 171
tyentneyl:
‘w’ ) micular farfure, 156, 158
SWENN agents, 179, 184, 185, 190, 1
Measurement of, 11-r2 b1 T 10
m mutral stenosts, 285, 291
n myocardual nfarction, 380
normal, 1tg
In paroxyimal cardiac dyspnera, 160
n pericardial effuyon, 171, 344
n Pick’s disease, 171, 349

in pregnancy, 171

m pulmonary embolism, 439

in pulmonary heart disease, 156, 465. 472
and respiration, 166

n superior vena cava obstruction, 170
in syncope, 194, 193, 196

in tncuspid incompetence, 303-4
1D tricuspsd stenosis, 306

€nous pressure lowering agents
amunophylime, 190

digitalis, 179

tow sodmum duet, 185

mercurial druretic, 184

‘morphine, 190

posture, 1

tetracthylammonium, 190
theophylline, 190

venesection, 179, 193

venous tourmquets, 390, 195

587
Venous pulse (and see g rate), 19-20
amplitude, 150
in auncular fibnllation, 150
in cardiac compression, 150
chimeal recngmition of, 169, 170
in complete heart block, y22, 170
m congestive fulure, 170
m Fallot's tetralony, 237
in partal heart block, 118
i peticandial effusion, 170, 143
10 Pick’s discase, 170, 349
presystolic, 150, 104, 3
1n pulmonary hypertension, 170, 462
n pulmonary stenosts, 150, 329
systolic, 170, 104
m tncuypd incompetence, 170, 303-4
i tricuspad steposts, 170, 306
Venous spasm, 13
Venous thrombosia
clintcal features, 451
in congestive failure, 175
ctiology, 445-56
in myocardial infarction, 403-4
treatment, 454
‘Venous tourniquets, 190, 195
Ventnicle (see Left or right tentnicle)
Ventncular ancurysm (sce Cardtac amur-
2m), 397, 404
Ventncular asychrontsm, 126
Ventncular asystole, 122, 193
Ventricular ectopics, 129
\ entnicufar escape, (13
Ventricular fibnilation, rso, 193
In sorhic stenoats, 300, 303
from chloroform, 326
from dagitalis, 322
1n diphthersa, 312
m heart block, 123
n myocardsal nfarction, 397
s myocarditis, 355, 317
1n rheumatic arditis, 277
10 syphilitic anrtiis, 365
traumatic, 52
Ventricular gradient, 82
Ventricular selaxation, 167
Ventnicular septal defect (without ndng
rta, or see Fallot's tetralogy and
Ersenmenger's complex), 220-3
bacterial endocarditis 1n, 330
clinical features, 232
coarctation and, 218
differential diagnosss, 222
electrocardiogram, 222
hemodynamics, 220
heart black mn, 120
wncidence, 220
Maladie de Roger and, 222
wutral dhastolic murmur i, 222, 288
prognosis, 22
pulmonary hy pertension sa, 220, 322, 246
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Ventnicular septal defect {contd }
pulmonary plethars, 221
pulmanary stenosts and, 231, 232
shunt, 221
trealmem zz;

X-ray,
\entncuhr standsn\l , 122, 193
(see x5

tachycardia), 137
Vertebral erosion, 361
Vertical heart, 33, 77, 87
Vertigo, aural, 200
Vital capacity, 17

n emphysema, 464, 472
wn left ventricular falure, 158, 161
1n mutral stenosis, 292
Vitarnin B1
n alcoholics, 515
1n ben-bert, 514-16
n pregnancy, 515
n thyrotoxicosis, 491
Vrammn
n bactenal endocarditis, 332
m theumatic fever, 275
Vitamin D, m aneurysm, 363
Vitarnin E, m angina pectons, 384
Vitamin K, 455
Vitamn P, 332
Voceal cord paralvais
10 aneurysm, 261
in nostral stenosss, 263
Valtage lines (in E C G ), 68
Volume (sce Blood or stroke tolume)
Vomiting
n digtalis poisoming, 322
n hypertensive encephalopathy, 434
n myocardial infarction, 389
Von Basedow's disease {see

INDEX

Wilson’s unspolar fimb leads, 78
Wolff-Parkinson-White syndrome, 139-41
Wounds of the heart, 525-7
X-ray appearanges in:
anzrma, 61, 306
aneurysm of the aorta, 38, 163
aortic incompetence, 298
aortic stenosis, 301
arteriovenous aneurysm, 61, 514
athlete's heart, 35
atnal septal defect, 52, 218
bers-bery, §7, 515
boot-shaped heart, 42, 429
bradycardsa, 35, 113
calcified valves, 61~2
cardiac aneurysm, 44
cardiac cathetensation, 14-15
cardiac enlargement (general), 61
coarctation of the aorta, 39, 209
Ceeur en sabot, 57
congestnve falure, 195
constnictive penicarding, 63, 349
duastolic enlargement, 35, 113
Eisenmenger’s complex, §2, 245
Fallot's tetralogy, 57, 240
familial cardiomegaly, 205
fat embolism, 458
heart block, 33, 122
hypertensive heart disease, 429
hypoplasia of the aorta, 42
1dwpathic dilatation of the pufmonay
artery, 212
whopathic hypertrophy, 205
1solated myocarditis, 318
Ieft auncular enlargement, 47-52, 59
feft ventnicular enlargement, 42, 429
lefz vmmcular failure, 44, 101

47
Von Gaerke's discase, 205
Von Gracfe's sign, 435

Wandenng pace-maker, 117
Wassermann reaction, 358
Water harmer pulse, 206
n anzrai, 503
0 anovic cor pulmonale, 465
m aortic incompetence, 295-7
N arteriorenous aneurysm, 514
n benben, 515
1n heart block, 122
0 hepatic failure, 517
1n hyperhinetic airculatory states, oz
m Paget's disease, 517
m patent ductus, 223
in pregoancy, soy
1n thyrotaxicosis, 48:

Water retention (see Hydrema), 171, 173,

32!
Wilson's neutral electrade, 68

’s 52,59

\hlzdlc de Roger, 222

malignant pulmonary embofism, 458

ntral incompetence, §2, 283

muitral stenosis, 56, 288-90

myocardial fbrosis, 61

tyocardsal fosesgn body, 526

myocardial mfarction, 44, 397

myocarditis, 61

myxcedema, 61, 497

normal heart, 29

normal vanations, 35

Paget’s disease, 61

patent ductus, 52, 224

pericardial effusion, 59, 61, 345

persistent truncus, 250

Pick's disease, 61, 349

pulmonary artery aneurysm, 475

pulmonary artery dilatauion, 52

puimonary artenovenous ancurysim, $13

Pulmonary atresta, 250

pulmonary heart disease (anowc), 57
amn
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':: Iperances (eontd )
Foauny bypertennon (priman). 83,

43

F'-t:"‘m.xry wharction, 433
r'«\;memry nchemn, §3, 231, 240
Pimonsry wdema, 44, 161
l't{'nmxry tlethora, g2, 56, 318, 24b, 250
plmonary senoss, 52, 231, 233
;:mrury “enous congestion, 44, 16¢

etmate carditis, 6, 344
Feumatic preumonns, 265
gt auncular enlangerment, 9
reht-tsded sorta, 42
bt sentncular enlargement, 5740
icht ventncular faidure, 175
mo-auricular block, 35, 11§

589

svphulite antunis, 38 w5, 308
thymtoscons, 6, 457
tartumty of the sorta, 39, 9
transpovtion of the great aesaels, 240
trcuapd strena, 380
tncuspid Incompetence, $4, 363
tnand stenosts, 89, 397
unfalding of the anrta, 39
sentnculsr sncunysm, 307
sentncular septal defeet, §6, 332
Von Gierke's disease, 61, 203
N-rav cxpoure, 39
ray therapy, 403
nthine dernstines, 185 -
anthamatous, 371




