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PREFACE TO THE FIFTH EDITION

¢ thirty years ago that we first contemplated, with
E:v;:: E;;g:;;\:e“ re\'lc)\\) of (heundvanw's that had }x‘cn m:\(h_y' in
the then young and hardly formed subject a[ Cimlmlog\'. What
then was an “advance” and what nas Vrecent’ chiefly oceupied our
thoughts To.day the vast flood of publications makes the question
of recentness answer itself, while time soon ghows what ronstitutes

an‘“advance” 1t 15 not easy to keep sbreast with this subi.ec( nowa-
days m all its many complicated and techni 1 & me. ‘The
ot 11 M e e 3 <Lam e P

ment ot other subjects on a larger scale, for 1t i3 now necewary to
focus on certam selected matters where new knowledge has aroused
special mterest, rather than to try 1o review the subject as & whole

Of course, after ten years 1t has been necessary to wnte the book
completely afresh and to include a number of new illustrations,

In preparing ttas edition we have had the advantage of being able
to enlist the taluable telp of Dr Wallace Brigden of the Cardiac
Department of the London Hospital and of the National Heart
Hospital His responsibility extends to the wnting of Chapters 2,3
and 3 end the seetion on syneope The sest of the book 1t the'tom-
tuned responsibility of the onginal authors—for the last time.

The very up-to date reviewer must remember, as we have pomted
out before, that the tune of lterary gestation tends to increaze so
that many months must elapse between conception on ‘paper and
partuntion m print

In recent years the cardiac catheter has added enormously to our
knowledge m the field of hemodynamics, although in much it i
becoming a question of confirmmg what has already been shrewdly
suspected  Congemtal defects are an ever-growing interest, The
detarled surgieal treatment 1s 2 techmenl wmatter outuide the scope
of this book, At the present moment all depends on giving the
surgeon enough tune in & bloodless field, then with the help of
modern snasthesia be will bo able to do

almost anything The
v
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derar
now
can 1 .
new pathological knowledge The riddle of hypertension is still un-
solved, but its effects are better understood and to some degree better
mitigated. Discase of the coronary arteries 1s still obscure; more
knowledge of its biochemistry will be the next step, but there is a
long way to go. Heart failure is better understood in many aspects,
and the knowledge of the causation and treatment of cedema has
advanced & good deal.

As in former editions we have aimed at presenting in a practical
way new knowledge; remembering, as always, that the academc of
to-day 1s often the commonplace of tomorrow Complicated tech-
niques become simple once the secrets they reveal have been learned,
so that it becomes easy to blend their information into the stock of
commeon know ledge, when this is founded on the basic principles of
physiology. Thirty years ago one stressed the importance of the
myocardium as taught by Mackenzie. Now one goes back to Harvey
and stresses the hamodynamics of the crrenlation of the blood !

We wish, once agamn, to thank our publishers, always patient,
helpful and hopeful, over many years

T.E CWCB
LoNpoxN St IVEs
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CHATPTER 1
CONGENITAL CARDIAG DEFECTS

Ir 1s not possible to classify these complex and often multiple
defects satisfactonly. Various attempts have been mz:de. on a

15 not of much use nowadays The relative volumes of the systemic
and pulmonary flow has also been suggested, but these may vary
t0o, also the volumes of the shunts The best basis 15 anatomical or
embryological  Here the difficulty arises that sometimes there are
multiple defects  Many of these cases cannot survive, and are not of
much ehrueal interest. Furthermore the reason of the derangement
in development 1s uswally obscure  Nevertheless, from the practical
point of view of aceurate diagnosis, which may offer some chance of
surgieal treatment, and also of prognosis, the anatomical hams
scems best, and with the help of modern methods any ease that
seerns bihely to surnive at all can usnally be diagnosed accurately.
The contents of this chapter must be set forth in some sort of
order The following arrangement, based partly on anatomical,
partly on phiysiological and partly on embryological features of
these duverse and disconnected topics, is given for what it is worth,

‘ARRANGEMENT
1. Anomalies of Septal Formation. carpiAC,
@) Cyanotic

Cor biloculare  Cor triloculare biatmiatum  Cor triatratum
Cor triloculare biventriculare

(b) Potentually eyanotic With pulmonary plethora,
Atnal septal defect N o r

Ventneular septal defect Eisenmenger Complex.
2. Anomalies of Septal Formation. AORTIC
ta) Cyanotic  With normal or reduced pulmonary flow,
Persistent truncus arteriosus.
B A Cardlol 3

N
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(b) Acyanotic. With pulmonary plethora,
Aortico-pulmonary communication.
(Aneurysm of sinus of Valsalva: may bo no shunt )

« 3. Anomalles associated with torsion of the Truncus Arterio-
sus and absorption of the Bulbus Cordis.
(@) Cyanotic.
L Transposition of great vessels. With pulmonary plethora.
2. Tetralogy of Fallot. Ventricular septal defect. With pul-
monary oligemia.
3. Eisenmenger Complex. Ventricular septal defect. With
pulmonary plethora.
(&) Acyanotic or late cyanotic.
Infundibular pulmonary stenosis  with pul ry olig:
(c} Aeyanotic
Subaortic stenosis.

4. Valvular Anomalies.
(@) Cyanotic
Ebstein’s deformity: with pulmonary oligeemia
Tricuspid atresia: with pulmonary ohgema
() Aeyanotic or late cyanotic.
Pulmenary stenosis (simple) and A.S D. (often)
(¢) Acyanotic.
Aortie stenosis
Anomalies of acrtic and pulmonary valves,

5. A Iies of the devel of the Aortic Arches.
Persistent right aortic arch. double aortic arch
Coarctation of the aorta.

Anomalies of mam branches.
Patent ductus arteriosus.
Anomalies of the coronary arteries

6. Dextrocardia.

7. Miscellaneous.
Pulmonary arteriovenous fistule
Anomalies of the pulmonary artery and its branches.
Congenital heart block.
Endocardial fibroelastosis.
Anomalies of great veins and pulmonary vems.



Devetopyent or e Hons Hewnr 3
DEVELOPMENT OF THE HUMAN HEART

Although no recent advance is a feature hen?, some account of
hos complex proeess thould help understanding the nature and
ongm of the defects i its achievement,

Dunng 1ts development the wammahan heart passes (l\mug.l\
vanous stages which resemble the hearts of lower lgmnmls; Jn
each ndinidual the history of the development in various speties
15 recapitulated, The congemital malformations of the human
heart recall structures found in the hearts of fishes, amplubians,
reptiles and birds

The process of develop aims at blishing a pub v
circulation “in paxallel” wth the systemie, instead of *“in senes.”
But they must communicate with each other, so the two are also
“erossed " The beart begins 55 8 fusion of two straight tules placed
on erther side of the body, which are brought together as the primi-
tive ventral cleft clotes 1n Tn the 3 mm. embryo this mmple tube ss
already becoming dinded into four chambers, the sinus venosus at
the tail end, the aurcle, the ventricle, and the bulbua cordis at the
head end Thus stage represents the heart of some fishes  As the
prinitive cardue tube mereases n length, between two fixed points,
1t becomes funked or bent, or twisted upon wteelf (Fig 1} The
veptricle grows downwards and forwards, the aurele upwards and
backwards The ventriculsr past becornes 2 loop bent on self i
o v-shaped manner, forming 1 the angle of the loop the bulbo.
ventricular groove A Ywist also develups, tlockwise at the ventri-
cular end, anti-clockwine at the venous end {Fig 2y

Fio 1
A Aungle A Auricle.
B Dilbus Corde B Bulbus Cordis
5 ‘_\:::r\rmw BYG Bulboaentricular groove,
rcle BV L Bulbgventnicular fnop
(After Pichomy . Sis Venosas

V. Venteicle
tAfter Pichony
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Division of truncus and bulbus. In order to develop the two
circulations in parallel, the truncus arteriosus must be divided.
A septum forms across the truncus from two lateral ridges. At the
distal end of the truncus, furthest from the heart, the plane in which
they lie is at right angles to the antero-posterior plane of the body
(Fig. 3). According to the theory of Spitzer (1929) two processes of
torsion take place. In the first torsion, while the upper or distal
part of the tube is turned through 180° in an anti-clockwise direction,

Distal Distal
150

Distal 18g*
[

=22l
brobmat Proxisal
/ e 4

CE3
Fia. 3 Fro 4

the lower or proximal end 1s twisted through 90° m a clockwise
direction (Fig. 4). The lower end of the septum will now be across,
at right angles, in the antero-postertor plane. According to Lev and
Saphir (1937) a second torsion takes place about the sixth week of
feetal life This isn fact a “detorsion,” for the distal end twists back
in a clockwise manner 150°, and the proximal end twists back 45° 1n
an anti-clockicise direction, towards the left The mcomplete nter-
ventricular septum is lying at an angle of 45° to the left of the
antero-posterior plane (the right ventricle being somewhat to the
right and in front) The bulbar septum can now join the mter.
ventricular septum and the partition 1s finally completed by the
upper membranous portion.

This detorsion at the end of the tube proximal to the heart

determines the relative positions of the pulmonary artery and
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are artery arising rather in front and fu the

:iu r&: ‘ant:en?n\:‘uﬂv:;“\:gvards ?a the Jeft and backwards; w hile (I)\‘o

ag’rm comes from the left, forwards upwards u‘{xd to the n';':ht. The
two airculations are mow “erossed” a8 \\c\.\ astm }X\)::\“EL )

1t can now be seen that 1f the “detorsion” s carried too for the

aorta will be moved too far to the right, over'the septum or eve;\

completely destroposed over the tight \-entmjle—-\\hﬂo H;c pur
wonary artery, if not small and deformed as in the Tetralogy of

Excenave detornon
........ Ventricular yeptum
e Bultar ppum

Fio. 3

Fallot, may anve wholly from the left ventricle {eomplete transposi-
tiony (Fig 5)

The septum of the truncus, called the aortico-pulmenary septum,
becomes contimions with that end of the bulbar septum, which
distal or furthest from the heatt. The distal part of the butbar
septum fises with the proxmmal part of the bulbar septum  The

twa sidvs, tight and left, aith thewr efferent trunks, are thus divided
by a partition

‘The entical period of development Lies within the fifth and siabeh
weeks Thwnn sl -ar N

form

take

bulb saveed wasny uelects anse trom the ymperfect
completion of these changes, and for this reason the defects are
finally often multsple

Abnotmal rotation of the bulbus and tranews wlt resolt 1 o
fauity position {transposition) of the aorta and pulmonary artery.
A primittve single truneus may persist owing to the fulure of the
septum to deselop  Dextropomtion of the aorta may result from
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this transposition, varying in degree according to the amount of
exeess detorsion above the 45° anti-clockwise movement needed to
bring the bulbar and ventricular septa into line.

"The absorption of the bulbus cordis. The bulbus persists in
fishes as a separate chamber between the ventricle and the aorta
In the human heart the part embedded in the bulbo.ventricular
groove, which forms the bulbo-ventricular ridge, ultimately dis-
appears, It is at this spot that the 45° of detorsion or untwisting of
the cardiac end of the bulbus occurs. This spot 15 called the bulbo-
ventricular loop (Fig 2). The correct detorsion and embedding is
very important. If the twist is excessive, then the absorption of the
bulbus goes wrong. Most of the bulbus is absorbed into the night
ventricle to form ultimately 1ts conus arteriosus or infundibulum.
If this process 1s imperfect, stenosts and hypoplasia of the infundi-
bular part of the conus and of the pulmonary artery result, as Keith
supposed In the Totralogy there is some degree of transposition or
dextroposition of the aorta, and this anomaly Ites behind two other
features—the deformed pulmonary orifice and the patent septum
A small part of the bulbus 1s absorbed nto the left ventricle just
below the nortic valves Incomplete absorption here causes sub-
aortic stenosis

The atrial canal. Between the primitive atrium and ventricle
lies the atrial canal  This s divided mto two channels by the fusion
of two endocardial swellings, whieh lio one m front and one behind,
to form a partition The musculature of the atra and ventricles,
hitherto continuous, 1s divided by an ingrowth of connective tissue,
so that only a few strands are left, which later become the bundlo of
His This may be interrupted in congenital heart block The septa
of the atria and ventricles fuse with these endoeardial swellngs  1f
they fuil to develop, defects i the septa and atrio.ventricular valves
result,

JEtiology. Practically notlung has been known about the
causation of congenital cardiac defects They are often nssociated
with abnormalities cliewhere  Feetal endocardutts has had but iittle
attention 1n recent years The important evidence that rubella may
play a part has revived interest in some such posubihity The
incidence of congenital defects of various sorts, of which 579
were cardiae, i children whose mothers had rubella 1n carly preg-
nancy, is very suspicious of some association  Investigation along
¢these lines, with more information as to the type of defect may he
valuable Other.yirusinfections may need consideration

There is o very slight familiel inctdenco A woman who has had
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one thnld with a congenital defect of the heart is rather more Dikely
to bave another than a woman who has had normal ehildren.

ELECTROCARDIOGRAPHY

General features. The enlargement of one or mote f\\nm\'sc\'ﬁ
of the heart may be indicated, Difficulties concem the flgh'. side
The bipolar leads, which are often biphasie, show deviation of the
eloetrical axis 1n some cases This shoutd he over + 120° in hyper-
trophy It must be remembered that in the first few montha of
TathaT sy e cesn 0 « 7 Thisdetermines

. is of high voltage
cnd of the first
year the S wave i much larger; Rs tends to become 1§ A Q wave
seen 1n V1 at this time indicates pathological enlargement of the
nght ventncle {1). The shghtly delayed intrinsicod deflection to
004 sec, bundle branch block being absent, 15 a point. The R/S
or R[Q ratiom YR is over 1 0. The RS ratioin ¥ falls from 7 0in
the ficst three months to 23 at a year, while the rtio of RS in
V3 nises from 05 in the first three months to 0 8 at the end of 12
months ‘There is some overlap in V1 in the very young, but in V5
the large § wave 18 distretive (£)

The T wave 13 normally negative from V1 to V4 In some 502,
T may be negative to V6, but m a fen weeks it ustally becomes
positive (2) In later childhood T may be negative to V4 The
beart tends to be electneally vertical in children as shown by the
patterns of the umipolar leads from the left arm and foot (3) The
precordial leads often suggest elockwise rotation round the long
axis of the heart  High voltages may be due to the thin chest wall

1 Almnurung, MA etal 1951 Circulation, 4, 430

2 Rosst, B 1954 Herakrankhetten 1m Stuglgaaler, G Thieme, Stutt
3 Goodwin,d F 1952 Byt Heartd 14975 " e Stuttgent
4 Yiolman, & 1938 Bt Heartd 20, 1%,

Abnormal types, Avkicriar Extarc
waves of high voltage These usual
The “pulmonary P wave” ar
positive lar,

EMENT is shown by P
iy refer to the nght suricle
“congemtal P wave,” appears as
postive ge bifid or prolonged waves in V1 and VZ—and nleo mn
hm:x:; m \'R., \\'here_ the wave 13 of course nepatire  This causes
2 " s and the

and some.
1€y are seen
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in transposition of the great vessels. Increased duration of the P
wave may suggest that both auricles are enlarged (1), as may be the
case in atrial septal defect. Abnormalities of the auricular waves are
often best seen in the V3R position (J0). Situs inversus of the heart
of course produces a negative P standard ST, due to the positive
P in VR and the negative P in VL.

Riant VENTRICULAR ExrarcEMENT. This causes R waves in
V1and V2 (2). After the first year the curves are more reliable. It
has been suggested§hat there may be two types (3, 5). These depend
on whether the hypertrophy is due to obstruction, e.g. pulmonary
stenosis (hypertrophie de barrage) or to overfilling {(hypertrophie de
surcharge) as m atrial septal defect, or anomalous pulmonary veins
(1, 3, 4, 5). In the latter the curves are of the pattern of right
bundle braneh block, with a delayed intrinsicoid deflection in V1
and V2 (secondary R wave). In the former there is gross right axk
deviation in the standard leads, QRS is not prolonged: the voltages
of R V1 and V2 tend to bo high. If these waves are conspicuous
a pressure of over 100 mm. Hg is likely to be present in the right
ventricle ({0} In V2, 3, 4 T tends to_be negative A dominant I
wave is seen in VR A vertieal position, with QR patternin VR, and
Rs m VI usual (6). As tune goes on these features become more
conspicuous, taking some years to develop (7) The curves of right
ventricular hypertraphy may be seen i the fater years of ventriealar
septal defect.

Lerr VENTRICULAR ENLARGEMENT may be the cause of left axis
deviation and large R waves in V5 and V6 in aortic stenosis. but
the vertical position of the heart in early years prevents their
appearance  Tho same applies to coarctation of the aorta In
tricuspid atresia the unusual combination of cyanosis and left
axis deviation is seen  This may also oceur m persistent truncus
arteriosus and in the tnilocular heart (8)

CoMBINED PATTERNS may be seen in the later years of ventrienlar
aeptal defect and patent ductus arteriosus (9), where usnally at
first the curves are normal Tho relative degrees of right or left
ventricular hypertrophy may deade the patterns of the eardiogram.
Rut diagnosis is diflienlt. High voltage R waves may appear mn
V1 and V2 and also in V5 and V6 Mixed types are seen when the
ventrieular septum as grossly deficient  The pattern of the pre.
dominnnee or preponderance of one or other ventricle in the i
leads and the deviation of the electrical axis helps i the solution

Tu addition 1o these types suggesting enlargement of one or other
ventricle, curves indicating diseases of the myocardtum may Vo
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seen when there is an anomalous coronary artery avising from the
pulmonary artery, and in fibroelastosis.

1 Sod-Pallares, D, Marsied, F. 1955 Amer, Heart J 49, 202,

3, Rows, B 1931, Hersbrantheten un Sduglungnalter,

3. Donselot, E etal 1952 Areh 3al, Cxur, 45, 97.

3 Cosby,R S efal. 1032 Amer HeartJ. 4%, 581

3 Cabrera, E €, Monroy, ¥ B 1951 Amer Heastd, 43,669
Goodwn, I F, 1952, Brit HeartJ, 14,133

Heim de Balzac, R etal. 1054, Cardiapathies Congénitales, Pans.

Uhley, M. X 1050 Ann i Med 33,183,

Masso, F etal 1055 Amer HeartJ 49,188

Ogleshy, T etal 1931 Ciroudation, 3, 564

Kroop.1 G etal 1951 Amer, Heart J. 41, 891

G. Thieme, Stiittgart.

£

ESew-

CARDIAG CATHETERISATION

Cardiac catheterisation plays an important part in the diagnosis
of congenital"heart lesons  In all but the mmplest types it i3
needed for a precise diagnosis It gives mformation 1 _three ways:
the catheteramay take an_unusual course by _pasang throngh_an
abnormal_orifice_in Ahe heatt.gihe pressures.an the chambers_and
vessels_accessible to the catheter can e measured, the oxygen

content of blood samples ean be ohtained, and left tQmght shunts
can thus be recognised

Merron A Cournand catheter of size 5-T 15 connected by n
n‘xreeway tap to a saline dnp bottle and via & plastic tube to an

which transf the pressures to tleetrical
potentials, these can be recorded on an electrocardiograph  The
level[uf tl:e manometer shonld be brought to that of the right
aurcle which 1s taken to be 10 em above the level K-ray
table on which the vatient lina T8 ¢hn Tount e i ot the Xoray
preferred, t . .
fow and,

The catheter 13 normally
y introduced mto the median Dasili
vemn, {n‘ymmg children 1t may he easier tn nen tha faman-t o °

. s PUIlil PLESSUTeS are ranandad - 3 ¥ -
sample1staken Ifthe cathe - ’
artenole the oxygen conten
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or oxygenated sido of the pulmonary system, and the pressures will
approximate to those of the left auricle. In practice it is often
difficult to obtain satisfactory blood samples from the wedged
catheter, nor do the venous pulsations always come through. The
catheter js then withdrawn and samples and pressures are taken
from the right and left branches of the pulmonary artery, and from
the main trunk, from the infundibulum, and from the body of the
right ventricle The proeess is repeated with the right auricle and
tho superior and inferior venz cava.

Sometimes, especially in mitral stenosis, it is helpful to know the
pulmonary arterial pressures and oxygen content after excreise
The exercise is performed by the patient pedalling with his feet
against resistanco while lying on the couch The oxygen consump-
tion can be measured immediately after excreise so that the pul-
monary flow can be ealeulated,

NormAL Pressures. The normal pressures are as follows:
right auricle 242 mm. Hg, nght ventricle, systolic 15-30 mm Hg,
diastoltc 0, mean pressure 10 mm Hg; pulmonary artery, systolic
15-30 mm. Hg, diastolic 5-10 mm , mean about 14 mm Hg. The
pulmonary eapillary pressures have a venous form with “a,” “c”
and v’ waves, The range 1s from 8-2 mm. Hg (J)

Blood samples These are taken under oil so that tho oxygen
content can be measured. The slightest admixture with air dunng
the drawing of the sample renders 1t valueless. The oxygen capacity,
or the further amount of oxygen which tho sample can take up, 18
obtained and from this the saturation is ealeulated. The oxygen
contents are used to obtain the arterio-venous oxygen difference, and
thus to ealenlate the pulmonary and systemic flows, and so the
flow through any shunts that may be present The normal oxygen
saturation in the right auncle and right ventricle is about 709, It
is shghtly higher m the superior vena cava than i the inferior.
The different streams of venous blood may mix slowly and the
pulmonary artery sample 1s usually the best to use The oxygen
content of the arterial blood 1s ebtained by puncture from the femoral
or brachial arteries.

Purvoxary Broop Frow. The volume of blood flowing per
minute through the | y system js ok 1 by the principle
of Fick, and is the amount of oxygen taken up by the lungs m ec
per minute (O, consumption) divided by the dufference in the oxygen
content per litre in the samples taken fmm the pulmonary vein and
from the pulmonary artery In practice the femoral artery sunple
1s used instead of that from the pulmonary capitiary bed as it 1s
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i . The pulmonary flow

Iy oxygenated and is more xepable Th v
:ggteies tfxeg output of the right ventricle per minute The systemic
flow, and the output of the left ventrif:le, }\'_\ll bn ﬂ‘xe s:\‘x‘uo. unlf‘_«:x

the difference between the mean pulmonary artery pressure and the
tnean pulmonary eapiflary pressure by the pulmonary flow. ‘It can
be expressed in umts (normal 1-2), or in dynes per see. em.=> up to
150 dynes, the umts being multplied by 0, or the dynes divided
by that factor. .

AsNoraL PassaGe oF THE CATHETER The catheter, if intro-
duced 1nto the left arm, may enter the chest along an aberrant left
supenior vena, eava colltetmg blood from some ar all of the pul-
monary vems It may pass from the night auncle into the left inan
atmal septal defect, and thence out nto a pulmonary vein (See
Tig 8) From the nght ventricle it may pass into the aorta in cases
of transposition It can very rarely be passed mto the over-nding
aorta m Fallot's Tetralogy or into the left ventricle through the
septal defect From the pulmonary artery 1t may be manecuvred
mto the aorta through a patent ductus

ABYORMAL PRESSURES A night ventricular systohe pressure of
45mm Hg, may be considered as a moderate hypertension, a
nise to over 80 mm shows severe hypertension (2) The pressure 1n
the night ventriele may be raised by a varety of causes including

1 I 1

i ¥ hyperter y valvular stenosis and trans-
posttion A moderate tise of hyperkinctic type may be due to an
wncreased flow through a normal valve as in the atral septal defect,
or ventrcular septal defect  In pulmonary incompetence the diasto-
he pressure 13 also somewhat rared

A charaetenstic curve of mght ventnicular pressure 15 recorded
w valvular pulmonary stenosis (3) It differs from that obtained 1n
fundibular stenosis  In the former the curve 15 a smooth rounded
hump (Fig 11)

The pulmonary pressure 13 low 1 pulmonary stenosss, the fall in
the systolic pressure being abrupt as the catheter passes beyond
the valve less often m infundibular stenoss there 13 o Tnore gradual
fall In pulmonary hypertension due to increase in the pulmonary
vasenlar reﬂ;ztance the pressures are hugh

EFT 70 R1eBT SnuNTs  Left to right shunts are revea y
finding mereased oxygenation in the cﬁamber receiving ‘t}elez()lml:\)t
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and those beyond it. Thus if pulmonary veins drain into an
anomalous left superior vena cava, the blood in that vessel will be
highly oxygenated and so will the blood in the right auricle and
ventricle. In an atrial septal defect the blood in the right auricle
will have much more oxygen than in either vena cava In the
Maladie de Roger, blood taken from the outflow tract of the right
ventricle will be oxygenated while the sample taken near the
auricle will not (4). In the patent ductus, with a flow from aorta to
pulmonary artery, the main branches of the pulmonary artery will
be oxygenated.

Complicated formule have been made so that the extent of these
shunts can be caleulated (5), but they are only approximate and
when the arterio-venous oxygen difference is small they may be
grossly inaccurate. It may also be difficult to measure correctly
the consumption of oxygen. But they furnish an indication as to
whether the shunt is large, moderate or small and are probably
worth working out. The formule for the septal defects are appended.
In the atrial septal defect the shunt 1n litres per minute equals:

0, in nght auricle — 0, in vena cava )

Systemic blood flow (Of= in left auricle — O, in right auricle

In the ventricular septal defect the shunt equals.

0O, i mfundibulum — 0, in right auricle
Systemic blood flow [ O, m left ventricle — O, 1n right ventricle.
{or femoral)

Contra-indications. These are very few. The Ebstein deformty is
said to involve risk. Naturally grave heart failure will debar, also
pulionary embolism. -

Mishaps are very rare Ventricular premature systoles occur
almost constantly when the catheter 1s in the right ventricle and
short runs of ventricular tachycardia are common Transient heart
block has been caused. Occasionally there has been hemoptys:s,
possibly from too migorous wedging of the C‘lthe!el" 1n the pulmonary
capillary. Entering the coronary sinus fr?m the right aurcle caused
temporary precordial pain and collﬂp%'m five cases (6! But ths
often happens without harm One patient dle(l‘ following trauma
to the right ventricular endocardium near the p Ty valve (7)

Heart J 46, 264
1. Fowler, N O. et al. 1953 Amer

2, Shephard, R. J 1954 Bru Hcm_"fJ_l(S. 361

3 Harnis, P, 1955, Brit Heart J 17, 173
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4 Holing, R E, Zak, G A.1930 Brut, Heart J. 12,18

3
5 Coumnand, A 1948 Cardiac Catheterisation in Congenital Heort Duvease,
New York.,

% irMchaet, § , Mounsey, 3. B. D 1951 Bra HeartJ. 13, 377,
7 Goodwin, J F 1951 Brt, Heart J. 15, 330.

“{NGIOGARDIOGRAPHY

The opique substance way show the path of the Llood‘ and the
outhne of the channels 1t follows 4050 ml_of 723{,‘_4310(1?“9 B
used 1f a small amount causes burning in the mouth, the patient is
sensitive () 'The success of the procedure depends on tnking the
maxmum nuzaber of photographs of the circulation in a given timo,
The difficulty chiefly lies in demdong whether an abnormal outline
is due to some deformuty i the channel, or to a technieal fauit.
An idesl techmique would produce perhaps 8-10-exposures a
second frore two angles, the right and left antenor oblique positions;
a suttable time control should be ind d or the el di
taken at the same Yime |2) The diodone can be introdored Yy
cardiac catheter to any fecessible spot and a selective angiogram
tahen A right to left atnal shunt may be clearly demonstrated
Thie shows well m teicwspid atresia  In the right ventnele the
passage of the opaque substance to the left 1s unlikely to show up
well Early fillng of the aorta from the night ventricle is a piece of
mnformation essily obtamed in the Tetralogy of Fallot, and some-
tines m the Eisenmenger Complex, or 1n complete transposition,
Dilated bronehial arteries may be seen in pulmonary atrema (1)
Fatlure of concentration in the pulmonary artery may be dus to
blood flowing from a patent ductus arteriosus (2). 1f the ductus flow
13 reversed this may be demonstrated The ught_anterior obhque
position shows up the nfundibulum and pulmonary artery The
left antenor obhique 1s best for septal defects, for the aorta and
left mawn branch of the pub ¥ attery (3} C ion of the
aotta may well be outhined 1n the left anterior obligue position.

Other malformations of the aortic arch e
catheter nto the i oot b g the

¢arotid artery and using retrograde injection
methods A } ! 'y veins are usually welld d
) Arteno.venous fistule 10 lungs are easily seen.
m;_l;\l;:e F‘r.oferd\.xres are not without risk, partieniariy in meneses 1
11 the grz
wolume 1

o s waa uns wethod should
attempt w answer & question not to be solved 1n any other way (5},
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Oirculation rate. Estimations are apt to be unreliable; o short
arm to tongue time may be found with a large shunt from right to
left (6).

Campbell, M, Hills, T. H 1950. Brit, Heart J. 12, 65.
Lind, J etal. 1954. Brit HeartJ. 16, 407.

de Balzac, H. et al. Trauté des Cardiopathies Congénitales. 1954, Paris.
Dotter, C T., Stemberg, I. 1951. Circulation, 4, 123.

. Cournand, A. et al 1953, Gurculation, 7, 769.

. Allanby, K. D, 1040, Brit, Heart J. 11, 165,

pomere

DYE DILUTION CURVES

A substance that can be identified, such as Evans blue, or tri-
carbocyamine when injected mstantaneously, is diluted as it circu-
lates, in a specific way. The degree of dilution can be expressed as
a curve The pattern of the curve 1s altered if there is a shunt,
whether veno-arterial or arterio-venous When there is a shunt
from right to left, the dye reaches an oximeter attached to the ear
quicker than in normal persons When a good dilution curve is
obtained the results agree with (within about 92,) those obtained
by the cardiac catheter as regards the volume of the shunt. The
volume of the shunt, as caleulated by this method was related to
the desaturation of oxygen, as would be expected If the shunt was
more than 359, of the systemic flow the pattent was extremely blue
at rest If thergs a_left_to rigllt shunt the appearance tume is
not _gliered, but small curves appear mn the descending hmb owing
to late arnival as a result of particles being lost 1n the pulmonary
circulation. Using the cardiae catheter to inject the dye at selected
places it may enable more exact localisation of the shunt to be made
Probably these curves will help best when made selectively through
the cardiac catheter and for comparing results after operation The
output of the heart can be caleulated and the results agree well with

Fick’s method.

1 Swan, H J. C et al 1953, Circulation, 8, 70
3, Shillmgford, J. P, 1958. Brit. Heart J. 20, 261
3. Falholt, W., Fabuicws, J. 1958 Brit Heart J. 20, 117

GYANOSIS IN CONGENITAL HEART DISEASE

nosis of some congenital defects of the heart early attrac-

The eya:
arious languages

ted attention, and acquired 1ts own name mn ¥



Cyarons s
“Morbus Caeruteus,” “Maladie Blew,” and “die Blausueht.”” That
1t was often due to a shunt was recogmused nearly two ccnhfnr.»\ ago.

Central cyanosis. Cyeneeis in congenital heart disease 13
usually “central” in origin and due to an admixture of venous and
arterial Vlood by means of “shunts” mn of near the heart. Central
cyanosis differs ‘from peripheral eyanosis in that it s visible in {he
retins, and mside the eyelids and the mouth The tongue and Bipe
are conspicuously blue, particulatly the latter in cold weather,
In order that eyanows be visible, the blood must contain at least
5 gramunes of reduced hemoglolin 1 100 cubse centimetres (J).

The commonest cause of a shunt of venous blood into the arterles
(right fo left shunt) is o destroposed norta drawing blood from cach
venthicle, tn congunction with a ventneular septal defect and high
pressures in the right ventricle This hugh pressure may be due ta
pulmonary steposis as in Fallot's Tetralogy which accounts for the
majonity of children who ate cyanosed from bith  or pulmonary
hyp a8 in the Ei Complex. In eomplete trans.
position of the great vessels all the blood from the right ventncle is
delivered mto the sorta  In a perswstent truncus arteriosus, blood
from each ventnicle 1s mixed 1 the common vessel, much the same
result i3 obtamed in a farge defect m the norto-pulmonary septum.
Gross pulmonary hypertension may cause a reversal of the flow
throngh a patent ductus arteriosus and Jead to cyanosis of the lower

part of the body Evetcise often increaces a shunt and so accentuates
eyanosis
Doetatonnat

wemary wenoss 1L senions failure of the right ventnele
comes on, 2 venous stasis may be present from back pressure  Oace
the teadency to ey anows 1s established, polyeythemia will be present
and this willinerease the actual amount of hemoglobin, and so mls(:
the proportion winch s unsaturated There may be no poly cythemia
n children when the arterial Mood 13 only 65%, saturated Poly-
eyth®ma may, by racreasing the viscomty of the blood, interfere
\n\;x oxygen i the longs  Cold will merease peripheral stagnation
;x;n s:;:\a%i',’ir:fe }?fa\ cyanosis—thus 1t wil often introdues tha
me

ey
th

wrus

Aue clubbing first appeats at, the
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root of the nail where the sulcus is filled in (2). Al stages can be
made out up to the typical drum-stick. The flow of blood in the
capillaries is slow, and they are turgid and dilated; the retinal veins
are very-full and dark. The fingers and toes are often long and thin,
and so are the hands and feet and arms and legs as well. On the
backs of the fingers little veins are conspicuous

There is an increase in the digital arterial pressure which raises
the flow of blood per unit of surface in the finger. Clubbing is
rarely seen under the age of two years. The bones are not affected
Severe cyanosis 1n infants causes a risk of cerebral thrombosis The
increased viscosity of the blood due to the polycythemia is no
doubt a cause (3) Severe cyanosis is often associated with thin
and stunted physique, but mental impairment is not a result.

It has been pointed out that squatting is an attitude adopted
frequently by children with the Tetralogy of Fallot; perhaps some
70% do it {4). It would seem that this position causes slight
improvement 1n the oxygenation of the blood (5). A sort of squatting
is secn in the recumbent position, the patient Jying doubled up (as
noted by Wilham Hunter in 1784). This posture appears to increase
the systemie flow of blood. The compresston of the abdomen is the
point, the arteriovenous oxygen difference in the upper part of the
body 1s lowered (6, 7). In the vertical squatting it is possible that
the kinking of the legs at the knees and hips reduces the venous
return and increases the flow to the vital centres, for the much
desaturated blood 1s shut off ().

Lundsgaarde, L Van Slyke, 1923, Medicine, 2, 1.
Lovibond, J. 1938, Lancet, 1, 363

Taussig, H. B, Blalock, A, 1947, Amer. Heart J. 33, 413
Wood, P. 1942 Brit. Heart J, 4, 11

Lequeme, J et al 1949 Cardologea, 15, 175

Lurie, P. R 1953 Amer.J Med, 15, 299

Brotmacher, L. 1857 Brit. HeartJ 10, 558
Brotmacher, L 1957, Brit HeartJ 19, 567
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BILOCULAR HEART (COR BILOCULARE)

Cyanosis is present from birth There 1s a systolic thrill and
continuous murmur. The basal second sound is loud  The heart 15
moderately enlarged. The high R waves n V1 and VR show elearly
There is right axis deviation. P waves are normal

The angiocardiogram shows carly filling of the aorta and its
branches The pulmonary artery fills rather late and the branches
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i icle is not defined.
show faintly The septal border of the ngh_t ventricl
Cardiac caf{elm' <afion shows high pressure in what may appear toto
1l t ventricle
hfl‘:xle%:a ::ny be iated at lities, such as pul
e - L v

1, Campbell, M etal 1932 Bnt. Heart J. 14, 317,

TRILOCULAR HEART (COR BIATRIATUM
TRILOCULARE)

When the ventnicular septum fails to develop, the heart resembles
that of a frog There may be dilatation of the pulmonary artery,
which may rupture  Cyanosis varics, it may be less than one might
expect There 1< usually some degreo of transposition of the aorta
and pulmonary artery There is sometumes an abnormality of the
outflow tracts to the aorta or pulmonary artery, o that there may
be subaortic or subpulmonary stenosis

If cyanosis 13 present, it tends to increase  There 13 usually »
aretndin w3 A% =

Lo Lastts we i chaidhood, but adult hfe has been reached  The
slnagram s probably famly charactenstic The elmieal diagnous
13 obviously very dfficnlt

l‘ Rogers, H M, Edwards, J E., 1951, dmer, Heart 41,208
# Richman, B 1950 Amer HeartJ 39, 887

COR TRIATRIATUM

Tn this rare abnormality the left aunicle 1s dinaded mto two Yy a
membranons partition, 1 which 13 a hole that may De very small
Il‘;o\m\ﬂy the ymportance of {hs hole decides the ehnical course.
m\:‘: ::gge }g}:re m;y be but Littie1ll effect  Mitral stenosis may be

o e nght ventricl nary
o s 1 ¢ wilf be large and the pulmonary

The heart tends to be globular There are sometimes no murinurs
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(2) but a systolic bruit may be heard at the apex (£). Ifthe holein the
abnormal septum is small there will be pulmonary congestion and
liability to infection. The enlargement of the heart increases The
cardiogram shows right axis deviation; but this may mean nothing
in an infant.

It has been suggested that a defect arises late in the sccond month
of feotal life in connection with the development of the pulmonary
veins and auricular septum (3). Surgical treatment might be
possible in these cases if the diagnosis could be made This is
likely to be done at operation on a caso suspected of being con-
genital mitral stenosis ().

L. Pedersen, A, Therkelsen, F. 1954, Amer Heart J. 47, 676,

2. Barnes, C. G, Finlay, H, V' L. 1952, Brit HeartJ. 14, 283
3. Parsons, F. G. 1950. Brit. Heart J. 12, 327,

4. Seavey, I'. W, Dorney, E. R. 1958 Amer. Heart J. 65, 272,

ISOLATED VENTRICULAR SEPTAL DEFECT
(MALADIE DE ROGER)

Eusryoroay. The ventricular septum is formed i its upper and
anterior part from the septum which divides the cardiac end of the
bulbus cordis. The rest 1s developed n 1ts lower part from the
septum 1nferius of the ventricle, and from the cushion of the atrial
canal n its upper and postenior part The membranous part
marks the junction of these two elements The commonest_place
for an opening 13 just mn front of the membranous part, or near it,
but often the membranous part itself 1s wanting (£, 74) Elsewhere
it is rare to find defects, a hole near the apex recalls the heart of
the python.

Morsip ANatony. The hole may be anything up to a centimetre
across, its margm 1s usually fibrous, unlike the opening m the
Tetralogy of Fallot, which 15 oval with thick fleshy margims On
the night side the hole opens under the septal cusp of the tricuspid
valve There may be other defects, patent ductus, pulmonary
stenosis, and malformation of the aortic cusps Thero 13 no set
pattern (I). The larger defects over 1:5 em aeross aro hikely to be
associated with other abnormalities (14) The aorta tends to be
small as in A.S.D., from a decreased flow {I4)

Hzamopyxacs. The size of the hole will deerde the results (8)
There will be n flow of blood from left to right This may be anything
from 10-15 litres a minute In nuld cascs when the hole 1s Iess
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half & centimetre across, the pulmonary flow may Le only
;h;‘:imes the systemue; with a moderate shunt the pulmonary flow
13 two ot three times the systemic; in 2 severe tase it may he‘ theee
to five times as great. As age increases the associated rise in left
ventricular pressure may raise the shunt ( 15)

A small defect may have a normal presure dhfference neross ‘\hc
septure. Shunts through a hole 0 5 cm. across may be under 2.3‘)0 of
total output There 13 no perceptible merease in the oxygen in the
nght ventricle, unless the catheter opening taps the stream by ek,
Through o hole 1 5-1 8 cm in diareter the shunt may be 45 Iitres

per mmnute. With a large hole the pressures may be more equal,
e e st MAmmm 23 vmamr ] .

110 to be kept up i the general cirewdation (13),

Artenal blood will be found i the upper part of the right ventricle
and fn the pulmonary artery. Lower down n the right ventricle
the oxygen saturation resembles that found in the right atrium {3),

Pulmonary hypertension The pressure m the pulmonary artery
tends to be rased mn about a quarter of the caces This rie n
Ppressure does not run stuctly parallel with the size of the shunt  1If
the hole 13 more than 1cm across there 13 likely to Le a mee in
Pressure m the pulmonary eirculation () Certamly if the hole
equals the aorta the pul Y resi will be increased (J4)
There may be moderate pulmonary hypertension of hyperkinetic
type due to the mereased flow, but no actual rise n pulmonary
artenolar resistance (3, 13) Actually the true determining cause
of the gross hy 13the f the pul -y arteriale:
These n?ayhbe thick, wath mtimal proliferation, perhaps similar to
that which is found m some cases with nereased inflow from a patent
ductus () But here the severe pulmanars: hvmemt-~
very early, even from bir
of the pulmonary arteno

2, 8, 13) The resstan

react to the rmsed presswie vy veeomung still thicker (§) But in

some cases the pulmonary reswstarce is fow {5) Even though there

1s moderate hypertension from increase 1n flow. & N
Clinica) features. The signs of the shunt are fairly cnnatass

bt thera se «wmmers 10

hole a

other
. - uper Bey) May be
recallen w tuese are borne 1 mind the diagnoss may be Xi’mde
—
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less frequently than of late. He described *“a murmur loud and long.
It is single, begins at systole, and is prolonged so as to hide the
natural tie-tac. Maximum, neither at the apex, nor at the right base,
nor at the left, but in the upper third of the prrcordium; 1t is
median hke the septum itself; and from this central spot it dimi.
nishes evenly in intensity and by degrees, accordingly as one gets
farther away from it; it is local and without propagation into the
vessels It coincides with no sign of organic discase other than the
thrill ” Normal at first, later the heart may become enlarged In
one series one-third were normal, one-third rather large, and the
remainder very large (15). The heart beat tends to show increase
in vigour. The pulmonary sccond sound is loud and double, the
second element being louder. The pulmonary valves may become
incompetent A functional. diastolic murmur due to excessive
inflow through the mitral valve may be audible at the apex ()¢
A pulmonary systolic murmur may get less as the gradient across
the pulmonary valves decreases, or harsher 1f 1t becomes larger (§).

The skiagram may show a nornal outline, but with a large shunt
and pulmonary flow, the pulmonary artery and its main branches
may be large and pulsate frecly (6) But further out the constriction
of the arterioles may reduce the shadows of the vessels.

« The cardiogram is usually normal in early years. With enlargement
of the heart the signs of nght ventricular hypertrophy may be
seen (7) This change 1s likely to be found with pulmonary hyper-
tension If the curve becomes left ventricular in type there is likely
to be a large shunt, but no pulmonary hypertension (8) Large
biphasic QRS deflections appear in V2 to V5 Sometimes there is the
pattern of “incomplete right bundie branch block™ (8).

Prognosis. It seems possible that the hole may close in the first
two years of life, but this 1s not proved It 1s possible it may get
larger (15). If the shunt 1s not too large a normal life may be enjoyed
reaching past the age of 50 years In early hife there are frequent
deaths from failure of the left ventricle (1), as many as 70% mn the
first twelve months If the defeet is as large or larger than the
aorta, heart failure with pulmonary cedema comes on (I) Pregnaney
15 nell tolerated, as 1n one of Roger’s cases, unless the hole 13 large
(9). Then the consequences may Le serious (10)

In young children there may beo a type with a large mterventricular
defect ‘There is the usual murmur, tho heart soon becomes much
enlarged and grave failure comes on (11). Unless, n fact, the hole 1s
small, and there are no other abnormal features bar the ‘murmurs,
the prospects are bad and fow pass the age of 40 years (Z3)
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ed lestons.  Fibrosis around the hole may spread to the
aog?cs l:-?\“:: :x:d cause sortic incompetence. The mcdu!\ cusp of the
trionspid vadve mny be deformed. Tatent ductus arteriosus may be
found There way appear to be puimonary stenosis, despite this
the pulmonary flow may be greater than the systemic so that the
vessels of the lungs show normal or wncreased filling. Thclprc«uom
gradient across the pulmonary valve may be quie \\.\g\\ 12y,
Presumably this is hyperlunetie in ongm from the hlg\l ﬂe.\\ .
Infection of the aperture 13 rare, but some have noted a ‘2d“,'a'ln4
adence (1) Chmeal and catbeter evidence pomnt to 8 powible
combination of Pulmonary stenosis, ventnicular septal defeet and
aortic incompetence (17).

Orsramoy  With a bloodless field it may be pessible to close the
defeet, 1f 1t 15 thought to be worth while, reasonably safely. A few
cases have been done by mattress sutures (3). It has been ponted
out that the close anatomical relationship of the A-V Lundle may
be a soutce of danger at operation (16} It 15 suggested that thow
with & large shunt and Lut moderate rise 1 pulmonary pressure
should be selected, not those with very marked pulmonary hypesten-
stan (8, 14). The type of cardiogram may help here (8. A right
ventricular pattern would pomt to hagh pulmonary pressure. Tho
left, ventricufar pattern would favour o large shunt from left to
nght  But all will have had the pressures measured by cardiac
catheter

The modern trend of thought is to lmk up the Roger type of

V8D with that meluded m the syndeome of Fisenmenges, The
htter owes its hugh put

artery to the p

y nce and large pul
of a feetal condition w the pul ¥
arterioles Whether these twwe ate snatamically different, they are
fertamly phystologreally swavar, snd should be thoupht of together

¥

(see p 35)

1 Becu, L M erat 1956 Cireulation, 14, 349
Wood, P etal 1954 Brdt Heartd 16,381

Wool, 1950 Bt awed J 21, 639

Joly, ¥ etal 1931 Arch Mal, Creur, 44, 502

fleath, D 1956 Bra Heartd 1s, )

Sefeer, A 1949 Areh wnt Med 81, 708,

Mearulo, M 1955 Amer Hearr g 49, 188

Blount, § G.etal 1955 Amer J. Jted, 18, 871,

Rere, A, Sodernan, ¥, A 1951 Amer Heartd 43, 430

Swan, W € 1852 Amer Heartd 33, g -

Marquis, R M 1950 Bre Heartd 13, o83

Ourtin, § , Brostoll, € 1055 dwer oo s 50, 613

Chenuapke®
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13. Cooloy, D. A. 1955. Surg. Gyn, Obst. 101, 153

14 Selzer, A. 1954, J. Amer. med. Ass. 154, 129,

15. Brotmacher, L, Campbell, M. 1958 Brit. Heart J, 20, 97.

16, , K, Copenl , WL M. 1058 Curcul n, 17, 271
17. Collins D M et al. 1958. Brit. Heart J. 20, 363

DEFECTS OF THE AORTIC SEPTUM

Normally the truncus arteriosus is divided by its spiral septum
into the aortic and pulmonary artery. Imperfect development of
this partition leads to three types of defect.

Persistent truncus arteriosus where there is no septum at all, and
the valves are abnormal.

Congenital aortic septal defect, in which the valves are perfect.
The defeet varies greatly m size.

Aneurysm of the sinus of Valsalva. A local weakness that may
rupture

Persistent truncus arteriosus. There is almost always some
degree of abnormal torsion If there is a true truncus arteriosus
persisting there will be no trace of the pnlmonary artery. The
pulmonary branches arise from a large trunk guarded by four valves.
One pulmonary trunk may arise in this way and divide into two;
or there may be one pulmonary branch only The lungs may be
entirely supphed by the enlarged bronchial arteries () The
interventricular septum will be incomplete. The heart is usually
enlarged. The cardiogram usually shows right ventrieular pre-
dominance, but there may be left (2). The skiagram in young
children may be characteristic, resembling a “sitting duck” (Fig. 6).
There may be no murmurs, this 1s the ease when cyanosis i«
mtense, but the basal second sound 1s loud Sometimes there is a
murmur like that of a patent ductus, which vares mn site and
character It is derived from the bronchial arteries, and depends
on their size and on the flow of blood through them (3) A diastolic
murmur may be heard at the apex

The ang diog shows diate filling of the aorta and
perhaps the abnormal branches to the lungs In adolescents and
later, the pulmonary bow is lacking on the left side, and the two
great arteries cannot be distinguished from one another The
truncus may run to the right or divide mto two, formmg a double
aortic arch (2) The cardiac catheter may show a pressure m the
right ventricle equal to the systemic arterial pressure (4)

Bl\[anv cases dic in early hfe, but some have reached the agoe of
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thirty. Growth is retarded and the patients are puny. Cyanosis
may not always be seen at first, but later it becomes intense

1 Anderson, R C. et ol 1037, Cireulation, 18, 386,

2 Rowe, R D, V1ad, P 1933. Amer. Heart J. 48, 296

3 Tausag, H B, 1952 Circulation, 6, 930

4 Moling, H E, Zak, G. A 1930 Brit HeartJ. 12, 152,

. A8

F1 6 Perustent truncus Aarteriosus in an infant

Congenital aortie septal defect. This 1y found Just at the
base of the valves, and 13 dye to faldure of the nonico-pulmnnary
m Blood will pass from the

onary artery causing it to e T
may develop late in bfe at an Area. of thanwion 11 o he hole

e o (g), ¢
o1 the tingers The saturation, . \4), and ev

en clubbing
of oxygen in all hmbw 35

equal The



-
24 CoxgENrraL Carpiac DEFECTS

pulse will be collapsing. The pulmorfary vessels will be large and
full. The cardiogram may show right or left ventricular preponder-
ance.
The cardiac catheter will show oxygen{ted blood in the pulmonary
artery. The pressure in the pulmonary artery will be high The
catheter may pass into the aorta and may be directed up or
down (4)

The angiocardiogram may show opaque material entering the
aorta

The differential diagnosis from patent ductus may be very diffi-
cult: the murmur and the catheter’s point of passage may decide it.
It might be possible to close the defect at operation, but the pro-
cedure is difficult and dangerous Failure of the right ventricle
will come on; sometimes death 1s sudden -

Dadds, J. N., Hoyle, C. 1949, Brit. Heart J. 11, 390

Aubry, J. 1935 Arch Mal Ceeur, 48, 683

Giraud, G. et al. 1955. Arch Mal Ceur, 18, 567

D’Leer, H. A, H., Van Xi 1956, Cureule 13, 58.
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Aneurysms of the sinus of Valsalva. Theso usually arise from
the right or anterior sinus Rarely does one anse from the left.
They may however be multiple and affect all the sinuses The aortic
medial coat fails to unite with the aortic ring (3) Dilatation of the
aortic sinuses may be assocated with Marfan's syndrome ()
Nomenolature here 1s erratic The sinuses should be designated as
right and left and non-coronary (4) Rupture into the right side
of the heart 15 a serious consequence of this lesion The rupture

* may oceur into the right auricle or into the upper part of the nght
ventricle. The rupture 1s associated with pain under the sternum
and collapse  Afterwards a loud murmur, continuous through systole
and diastole 1s heard, resembling that of a patent ductus arteriosus,
after a short recovery, failure of the right ventricle ensues. There
may be uremia, a curous finding (4, 1) There may be auricniar
fibrillation heart block may come on  Apart from the results of
rupture these aneurysms may be assoctated with aortic incompetence
or some shight degrec of subaortic stenosis (1)  The systolie murmur
may bo quite loud (6) Infectionis common the murmur may alter
and aortic reflux may predommate The aneurysm Ix.as been fdwun
by aortography (2), or 1n an angiocardiogram, [.):!rtlcularly in left

anterior oblique position Other aortic deformities such as mild

coarctation may be found (3) In the skiagram an aneurysm from

the left sinus may resemble 2 left ventricular anenrysm  Surgteal
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repair by the msertion of & prosthesis Tas been successfully carried
out {7)

1 Morgan Jones, A, Langley, F A, 1040 Brt, Heart J. 11, 325

2 Falholt, W., Thomson, G. 1953 Circutation, 8, 549 .
3 Fdwads, J, E, Burchell, H. B. 1936, Proc Mayo Clin, 31, 407,
4 Stemberg, Y. 1956 Brut, HeartJ 18,95

5 Omm, S, East, T 1955, Bt Heont J. 17, B4l

.6 Stenberg, I, Finby, X. 1036 Circtlanan, 14,115

7 Morrow, A G etal 1957 Circulation, 16, 533

§ Stemberg,1 ol 1937 Crrewlation, 16, 368

TRANSPOSITION OF THE GREAT VESSELS

In complete transposition, the aorta hies in front of the pulmonnry
artery and anses from the nght ventricle. the pulmonary art
hes behind, anung from the left ventnicle. Rolatansky in 1835
first supposed that these cases of transposition nere duete 1
rotation of the septum which divides the truncus arteriowus Norm-
ally, this septum runs a spral course, finally through 160° in a
tokwise sense  This is evident when one connders how the
pulmonary artery and sorta are wrapped round each other mn the
normal heart  The rotation, or forsion, at the distal end of the sep-
tim, is at first anti-clockwise to an extent of 180°, Jater this is
fallowed by a clockwise detorsion of 150° At the proximal end the
prmary rotation s clockwise to an extent of 90°, followed by an
anti-clockwise detorsion of 45°. If these processes of torsion are
mterfered with so that there 1s less twisting st the distal ontfice,
and more untaisting at the proximal, the uittmate relative positions
of the pulmonary artery and aorta will be abnormal and some degree
of transposition results (Fig 5)

Theories of causation.  Keith {1904) stressed the importance of
the ncomplete absorptian of part of the bulbus cordis into the right
ventncle, as this wterferes with torsion Faulty
bulbus also tends to pulmoenary and infun

alsorption of the

usually assoctated wath an aver.ridins - -d i‘fuxa:‘qg?ﬂ?“: i
and this s due

suggested that . :
appeared, while . it

tve reptilian aorta was re.
nght side. cauging tha «ne. p s re-opencd on the



26 CoxNgENITAL CAmDIAC DEFECTS

defect (12), the Bing-Taussig syndrome (7). These patients are blue
early, there is more oxygen in the pulmonary artery blood than in the
aorta, There is no murmur: the cardiogram shows right ventricular
preponderance: the P waves are large (2) The lungs are plethoric,
the vessels pulsate (12). .

CorrEcTED TRANSPOSITION. Very rarely transposition may be
correeted throngh inversion of the ventncles (3). The ventricle
which has the form of papillary muscle normally present in the right
ventricle 1s placed on the left, so that the transposition of the great
vessels is “corrected ” These cases are mainly of pathological
interest and not chnicallyimportant The aorta then gets oxygenated
blood and the pulmonary artery venous.

V.8 D. has been noted in these cases of corrected transposition
along with complete heart block The association of V.8.D. and
complete heart block suggests the possibility of the third feature,
corrected transposition. In these instances the V.S.D. was success-
fully closed with the help of the artifictal pump-circulation (11).

CoMPLETE TRaxsrosITION, If there is no patency of the cardac
septa or ductus arteriosus, the left ventricle pumps blood to the
lungs and the right to the body In these circumstances [ife cannot
be maintained There must be associated lesions, such as patent
duetus or defect of the cardiac septa. In fact three shunts are
possible

(a) Patent ductus artertosus with ventricular septum intact, the
foramen ovale being valvular The blood flows from right auricle to
left and from pulmonary artery to the descending aorta

(b) Ventricular septal defect, the blood flowing from right to left.
The blood returns from the hungs exther through an afrial septal defect
or by bronchial vens The lungs are plethorie

(e} Ventricular septal defect wnth pulmonary stenosis, the lung fields
being clear (),

Complete transposition. Transposition 13 not an uncommon
form of congenital disease, having an incidence about half that of
Fallot's Tetralogy, but most cases die in mnfancy Boys are more
often affected than girls () Cyanosis 1s present from birth but
varies considerably in intensity Usually the cluld 1s stunted,
panting and coughing are consprcuous symptoms The heart 1s
usnally enlarged. Murmurs vary and do not help 1n the diagnosis
Thcrc‘mz\y be a systolic murmur and a lond pulmonary sccond
In half there are none (3) Radtographic appearances
in some the vascular pedicle 1s narron since the
behind the other the aorta n front and to the

sound (5)
also vary greatly.
great, vessels Lie one
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right of the normal position  In some a Jong bulge i3 scen in the left
middle segment due to the transposed ascending sorta (7). Pul.
roonary plethors may be present  The shadows of the vessels in the
raats of the lungs may be Jarge, and ptieate freely {3, 6.

Fie 7 Transpostion Showing large he, t #nd pulmonary
g he
ng large hear

Angrocardiograms gh
A0Mta (7)) Elenteene that the diodrast passes straeht om the

The P waves
TRAXsPOS

mfaney & -

with pa

to the le

smwtuuvale, and from the pulmonary
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artery to the descending aorta through the ductus, since the pressure
in the pulmonary artery, arising from the left ventricle, is high.
Oxygenated blood passes down to the legs. In older children cyanosis
13 invariable with clubbing and polycythemia, and the finding of &

Fig 8. Transposiion Catheter passes through scptal defect
mto left ventricle and out mto pulmonary artery.

differential cyanosts with Jess clubbmg of the toes and Jess eyanosis of
the feet than of the hand is diagnostie of ths type
TRANSPOSITION WITH SEPTAL DEFECTS Perhaps those do best
who have shunts through atrial and ventrienlar septal defects
Blood flows from the left to the nght auriele and from the right tr;
he left ventricle The lungs are plethoric and the combmation o
the ¢ is and clubbing with pul -y plethora 1y almest dugnostie.
cyanosi g
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Cardiac catheterisation. The eatheter may pass thrc.mgl'\ th. atrisl
defect and on into the left ventricle whence on occasion it \nl.l loop
and pass into the pulmanary srtery (Fig. 8). I.l‘ withdrawn it can
be introduced into the nght ventriele from which 1t will pass into
the aorts The pressutes in the right ventriclo are high, l_»cmg nbn:l\
9 mm {5,8); 1n the Jefu ventricle they frelon of abowt 70 mw 3.
The oxygen saturation m the left ventriclo and pu‘mﬂnn.ry arteries 13
100%; in the right ventricle and aorta it is 70-80%5 (J)
Travspostriox wir Pruwoxary Stesosis The flow through
the ventricular septal defect s from left to right and the lungs aro
elear (f). The blood supply to the lungs is mamtained by large
bronehial arteries, and this may be suggested by a systolic murmur
audible between the shoulder blades (10)

Aunculoventricular dissociation may occur In one case huge
auncular waves were seen, varying from beat to beat. The nght
euricle wag hypertrophic ().

No surgical correction is possible i transposition beeause of the
position of the coronary arteries ‘Transposing the great veins i3 a
possibility but has not so far been attempted ()

1 Toussig, LB, Bing, R T 1949 Amer HeartJ 37, 551

2. Azevedo, C et ol 1956 Amer HeartJ. 52, 2,49

3 Cardell, B § 1956 Erit HeartJ 18, 186

3 Astley, R, Parsons, € 1032 Brit Hearl J. 14, 13

5 Kewth, ¥ D, etal 1953 Cureulation, 7, 830

6. Carnpbell, 31, Suzman, § 1951 Circulanion, 4, 320

T Goodwin, I F etol 1949 Brt leartJ 11, 239

8. Wood, P 1930 Bret med J 2,603

9 Mitchason, J. D etal 1955 Brit HeartJ 17, 63

10 Cudiowitz, L, Armstrong, J B 1052 Brat HeartJ. 14, 314
11 Weldon, J W etal 1958 Circulation, 17, 219,

12 Cechs, A, 1957 Amer J. Med 92, 233

TETRALOGY OF FALLOT

The commonest. congemtal defect 1 which eyanosis 1s con-

SPicuous 15 the combination of lesions to which the na, f Fallot
{1888) hus been attached c Peacock, thi

This was well deventbed by i
Enghish physician, m 1866 congataof? ook the

The tetralogy congists of
 Dextroposttion of the aorta.

2 Stenosss, hypoplasia or atresia of the gul

3 2 manary o
3 Interventncwlar septal defect. ¢ ey
4 Hypcrtmphy of the right ventricle
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Morbid anatomy. Pathogenesis. The abnormality arises in
the fifth.week of fetal life. At this time, the torsion of the primitive
bulb is taking place to bring the aortic part round, and forwards
and to the left in an anti-clockwise direction; and also the primitive
tube is being divided by the spiral septum into aorta and pulmonary
artery; the septum between the ventricles is growing upwards to
meet that of the bulb It is clear therefore that if the correct degree
of torsion fails to occur, the aorta remains too far to the right, and
the union of the ventricular and bulbar septa does not take place.
Incomplete absorption of the bulb causes a varymg degree of
pulmonary stenoss.

Resurrs, The degree of dextroposition of the aorta varies a good
deal: it may be easily apparent on the screen when the heart 1s
viewed from the front. At autopsy even, it may be difficult to say
exactly how much the aorta was out of position. It is usually rather
large, but narrows after the left subclavian leaves it (24} Possibly
the dextroposition is not very important if shght in degree

The STEx0s1s of the pulmonary orifice varies too. About half are
probably infundibular, while a combination of infundibular and
valvular may be met with 1n some 15% About 309 are purely
valvular  There may be only two cusps in about half of these. &
few may show a conical opening The pulmonary artery is about half
the size of the aorta (24) 1 contrast to its increased size in the simple

plicated valvular

The SepraL DEFECT is farrly constant m form but may vary in

A F P - . 1.

across or & good deal larger (1).

With this degree of variability in the four features patients may
vary o good deal. At one end of the scale is the case with fairly
severe pulmonary stenosis and large septal defect, so that the
ventricular pressures are equal and the patient very blue, at the
other end 1s the case without cyanosis where the septal defect 1 small
and the pulmonary stenosis severe, yet with small mght to left
shunt, or the combmation of large septal defect and slight pul-
monary stenosts with left to right shunt, and again no cyanosis
(19). Inabout one-third there 13 o functionally patent hole between
the aurcles, but this is not of much importance
‘OLINICAL FEaTURES These are well known  Cyaness is usually
resent from -birth, or develops in the first year (2) Physical

3 ften retarded, so that the child grows up small and

development is o
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3 is_quite.unafected. Physical activity
gu;tchnf::;ﬁ?:;?;;\::nzi\v;l is a pronounced tendencey to adopt
the squattingposition  The standmg position i3 dc(rm\enml! and
squattng seems to help venous return (3) (e . }G). Tl\.c v:hlldr'v:n
often he curled up (26). As wwmal the cyanosis iy associated with
polyeythzrua and cl}lb\\‘\ng of the ‘ﬁnge:sA de toes, Arachnodactyly

P s artsiantar wall e

increased eyanosis, the blood pressure does not fally ‘um right
to Jeft shunt 15 much nereased The pulmonary stenotic murmur
tends to fade It has been suggested that_contraction of the-mn.
fondibulum obstructs the flow of blood ta the lungs and so leads to
more anoxiemia and o loss of Cycloprop

to relieve the spasm {29)

The mize of the heart shadow may not be increased when seen
from the front, but there is chmieal evidence of the hypertrophy of
the night ventricle in the beat

The systolic murmur 15 loud, and best heard in the 3rd, 4th and
5th spaces to the left of the sternum  There is usvally_a.thntl with
it It comes soon after the first sound and 13 maximnl at once
The second sound at the base may be loud, derived mamly from the
aorta, which hes to the front (4, §) Occasionally the second sound
is double, the second famnt component being pulmonary (5} The
cyanosts 1s due to the free flow of venous blood up the dextroposed
worta  The ovygen saturation of arterial hlood 13 anything from
60-80°, Estimation of the rate of the circulation will show a
very short time from arm to tongue, owing to the direet flow up
the aorta The systemic blood flow at rest 13 within normal range,

but the pulmonary flow 15 reduced by the amount of shunt from
nght to left (6)

> FRems

sammation with X-rays shows ohgerna_of the lung ficlds
The pulinonary conus 15 small or absent ~The troe “Sabot” appear-
ance is best seen in chldren, and may be wanting in adults The
dextroposition of the aorta 15 an wnportant point 1 daa, i

can be made out In about one ¢ A

third of cases the aort; §
nght-sided (1), as was first noted by Corvisart et 1t

This an 3
obviously important when the Blalock aneratin i b 1'7‘1‘1}&1)71‘1
The ar

aorta T
but this wegative lnamg may be due to technical causes, and st;
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unreliable (7). The pulmonary artery, if shown, may appear to
be further to the left than normal (4, 8). There may be associated
anomalies of the pulmonary and its branches, one main branch
being closed and the other large (9). The pulmonary main trunk may
be short and run backwards (8). i

‘The cardiogram tends to show pointed. P waves of high voltage (2).

It may be noted here in this context that the auricular “a”” waves

F1c. 9 Tetralogy of Fallot

in the jugular veins are not large (). There 1s usually right ventricu-
far preponderance, the intrinsic deflection on the right side may bea
little delayed, but not to the full degree of typical “right bundle
branch block” (17, 13) This contrasts with the curve of atrial
septal defect when considerable delay in activation 1s the rule
N 4 —bes daevesharcal Tha mseea alen differs fram that usually

To the

PRV

The cardiac catheter shows that the pressure in the nght ventnicle
is raised. It may be qute lugh, perhaps 80-90 mm Hg, thrice
the normal. The pressure in the pulmonary artery 1s low and the
pulsations small The change from ventricular to pulmonary
pressure may be sudden if the stenosis 1s valvular, or gradual if
infundibular. On some occasions the catheter may pass up the
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aorta, or through a foramen ovale. (For the differential diagnosis
seep 37) L
TxprcaTions For Oreratiox. The optimum time is between 8
and 14 yeors (21). But the general state of the child's health npd
development must be considered. The degreo of v:ynnmh. {arterial
oxygen saturation) and the grade of the pulmonary cligemia are }he
most important special peints Syncopal attacks and grave physicat
disability would indicate operation as soon as 1t can be done (21), )
OpErATION In the operation of Blalock a left lateral incision 3s
used and the left (or night) subclavian artery is Joined to the left
{or mght) pulmonary artery, “l}xchever swts better, by lateral

1ne tyanos:s may dissppesr entirely, or only bo seen on esertion
The hamoglobin may fall to nearly normal levels and clubbing
disappear  Squatting 15 no longer seen (7) A five-year follow-up of
nearly 250 cases shows 93% good results, that 13, the hrmo.

globin was normal and there were no restnictions on life's activities
The “Gabson’” mur-usually-persisted. The noted
<nnm afton - = -

« s U Lye Cases, snd “good” in snother smaller gronp  The
mortality was just over one in ten (I4). Sumilar results have been
reported 1n other series {25, 16},

For comparison the results of valvotomy or mfundibular reseetsan
{Brock's operation) are g Here again t o-third
good results Mortality was alout 159
has been noted due to puimonary regurgttation and beeause the
shunt from left to mght mereased when the pressure 1a the nght
ventnele fell (25) Actually valvotomy 15 rather safer than .
fundsbular resection (17)  After this operation there may be some

got very
Fatlure of the ventncle

increase n the size of the heart as after the Risindt -—.
Lo

RA
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to survive past middle age, but they were very exceptional; most
lived restricted, invalid lives and died young, An interesting point
is the unilateral notching of the ribs due to reversed collateral
circulation to the arm after the subelavian artery on that sde has
been divided (27, 28). The blood returns through the intercostals
to the internal mammary and so to branches of the axillary artery.

ATYPICAL Cases. It has long been known that some are not
cyanosed to begin with; and it is possible that this combmation of
lesions or something like it may exist without the patient ever
becoming blue These patients do not require operation, In these
cases o loud systolic murmur and a thrill in the third left space have
been described; neither ventricle is obviously enlarged; the pressure
mn the right ventricle is high equalling that of the systemie circula-
tion; the pressure in the pulmonary artery is low or normal. There
is a ventricular septal defect, the cardiogram suggests slight pre-
ponderance of the right ventricle (20). Fuller findings post mortem
would be interesting.
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Pulmonary atresia. The pulmonary orfice may Le closed at
the valves {I) and the artery thin and hypoplastie sbove, or the
maldevelopment may affect the whole of the in{und\\{\ﬂ\:m and
pultonary trank  In the latter the sixth left acch has disappeared
and the ductus is closed. Otherwise the ductus may be patent and
supply blood to the lungs  These patients are very blue, the arterial
satutation heing some G0-7095. but not necessaniy severely .
capsaitated nor stunted in growth The signs gre variable. In
some 1o wurmur 8 sudible at off, and ths serves to distinguish
them from the Tetralogy This they resemble in that there 13 a
hollow coneavsty m place of the polmonary bulge. 1€ the lungs are
supplied by large bronchial arteries these may make no murmwr,
butan sorue tases b BORLINUOYS VIt 15 heard between the scapulae
This may vary ond ater disappear. In the skiasgram the irvegular
shadows of the bronchual artemes may be seen, arising from the
aorta; they are sometimes nodular and lie apart from the heart (2)
There 13 & patent atria) septum in a fainly lasge nomber of cases.

The question whether a Blalock operation should be done in these
1969 noAAS £amafi) mameedam & o

weeay suay ue VELY ULSULADIE 1O Teceive the subclaman artery.

1 Aenby, K W etal 1950 Guy's Hosp, Rep. 99, 110,
2 Compbell, M, Gardner, F 1950 Bru Heartd 12, 184,

EISENMENGER COMPLEX {1397)
This 15 a rare finding, As there 1 some def
. gree of dextroposition
‘lyf the aorta and a large crescentic hole in the top of the mten};ntncu.
’nhr wptuz;: with & thick musewlar foser margin, 1 would seem that
1 combination of defest 3
Tl pmstian ;‘“ aye ett may be telated to the Tetralogy of

be smatl, and sometimes th
y ere 13 g true nght-
“rd :ld ‘:“3‘[ The inference 15 that there 1s same dafast ght

targe that the valves are moompetens Y Y ECORS S0
MorBID AxaTowy Ay,

D PrvsioLogy Th
featur e most remarkable
e of the cases 15 & high Pressure in the nght ventride and
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pulmonary artery. The cardiac catheter shows that this may range
at systole from 75 to 150 mm, Hg (2, 3, ). The cause of this hyper-
tension lies in the pulmonary bed where the resistance may be very
much increased, reaching 1700 or 2300 dynes, somo ten times the
normal (5, 6). The increased resistance is associated with hyper-
trophy of the muscular coats of the arterioles and proliferation of
their intima (2, 3). The latter is more conspicuous (12). The pres.
sures in the pulmonary capillaries and vems are normal (5). It
would seem possible that increase of tone in the pulmonary arterioles
causes their hypertrophy, as in systemic hypertension; some think
that these are developmental.abnormalities and due to failure of

LIPE R

DEU IFOIM TOU gleal & LOW. L1t 103Ul 15 Lnal siliuugu Lie puioa s
of the pulmonary artery as viewed on the screen may be increased,
that of the branches is diminished, and the smaller branches seem
empty. The pulmonary flow is actually reduced, even to one-third
(Z,9) Hwmemoptysis is common and there may be pulmonary throm-
bosts (3).

The position of the aorta, somewhat to the right, over-riding
the interventricular septum, favours a shunt from right to left,
and this 1s further provoked by the high pressure in the right
ventricle which may equal that in the left Probably the pressure
rather than the position of the aorta matters more. The tricuspid
leaflet may closo the septal defect and prevent cyanosis (72) There
is considerable hypertrophy of the right ventricle.

Cumvicat. Features  Cyanosis i1s vamable both in degree and
time of onset. It usually comes on late but some are blue at birth
Exercise may provoke cyanosis Clubbing of the fingers and poly-
cythemia Tun parallel with the cyanosss, as usual Once cyanosis
has developed 1t tends to become more severe as years go by. The
oxygen saturation of the arterial blood may be 75-80% (9).
The tendency for & left to right shunt between the ventricles 15
small as o rule, but sometimes the cardrac catheter withdraws well-
oxygenated blood from the night ventricle (8) The auricular (a)
waves m the external jugular veins are often large, as 15 the rule in
pu]mnnnry.hypcrtcnsion (2) There 1s the usual strong impulse
over the right ventricle to the left of the sternum Therc may be
dullness to the nght. Pulsation can be felt over the pulmonary
artery where there is usually a loud systolic murmur and sometimes
o thrall The closure of the pulmonary valve can be felt, and on
auscultation there is wide sphtting of the second sounds, the
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pubmonary component being the lowder. The duastolic murmur of
pulmonary incompetence may be sudible (10) The civculation
ime from arm to face is shert, for the lungs are by-passed (11).

X-ray examination shows the large pulsating pulmonaty artery
while the smaller branches seem poorly filled The angiocardiogram
il show early filhng of the norta and its dextroposition. The
pulmonary artery empties slawly (1),

Fi¢ 10 Esenmenger Complex

The cardiogram shows nght
0 ght ventnentar hypertrophy, or the
gnltte_m of meomplete right bundle branch b!ock,‘r’n};xd'ncnted by
el :Ei_?chvanori of the surface of the nght ventncle

ve vl opalen dnetus 35 that there is much
1::‘: E“l?}“::\ m the pulmonary artery and 1ts branches Tdiopathie
m the“l:ts ‘ypenemmn may resemble Eisenmenger's Complex
i the late stages but the eyanows 1s less gevern and mavieton 1 ©

t0V S D, Anomalous e uvale Aurtic reflux pownts rather
may be far from easy l();%I)’fmm“ T gt ASD The problem
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Covrse Axp Proaxosts. Sooner or later failure of the right
ventricle with increasing cyanosis comes on: few cases pass middle
age. Although at first there is but little disability the bad effects
steadily i Thrombosis of the b hes of the pul 3
artery may hasten® the end. If the pulmonary valves become
incompetent the right ventricle fails the sooner. Onco started the
failure tends to progress rapidly (12).

Conclusion. It scems hkely that at the one end of the scale 1s
the simple Roger type, with small hole and not much shunt. At the
other is the Eisenmenger type with large shunt, high pulmonary
arteriolar remistance dating from early years, leading to mse in
pressure in the right ventricle and reversal of the shunt with eyanosis.
Between these two lie varying grades. The rise in pressure on the
right side may at first be hyperkinetic if the shunt is large, later it
is aggravated by obstruction The size of the hole, the pressure on
either side, the volume of the shunt and its direction are the vanable
factors. Cyanotie or acyanotic they are all in one group (13, 14, 15)
(see also p. 21). The position of the aorta is not functionally
important. A wider view regards the important pomnt as a large hole
between the two circulations and the reaction of the pulmonary bed
to it, so that it may be called a syndrome (7).
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PULMONARY STENOSIS (ISOLATED)

Thus leston may be further defined as a stenosis at the pulmonary
ontfice with the aorta m a normal position (7) As a rule 1t I+ to be
added that the septum between the ventricles is closed, but 1t will
be seen later there are certain cases in which there 1s a small hole



PUrLMONARY STENOSIS ki)

ho shunt from left to right  Probably cases of pure stenosix
::::yiiw abont 10% of all types of congenital heart disense {2). The
eg are equally affected
ie;l:imm ?\Nu?mnn The stenosis is valvular in pcrhups §0% of
cases  Here the valves are fused to form a diaphragm which is often
ke a dome, With a small hole m the centre Tibrosis may extend
into the muscle of the conus adjacent, The absence of a hole
Detween the ventricles in most cases suggests that tho lesion forms
after the eighth week of fetal ife. .
The wfundibular defect goes back eacliet 1n feetal lfe Keith hn}
explained thus lesion as the result of a failure of the bulbus cordis
. 3 - b

b ~lnect P

ser occupies
he ealarged

. The lining
of the chamber is usually thickened A large erista supraventricu-

fans may tause obstraction {33) The pulmonary srtery sbove the
vaives 1s usually enlarged, particulatly in the valvuhir type, its
walls are thin - The enlargement may extend to the main branches
There 13 1o el up between this enl and the degree of
ebomns s nnd 4t oo ) It scems to have a

Che wmall vessels m

» may be narrowing

valve, Sometimes
nere are multiple constrictions, some long, some short (34). As a

result of the stenosts the nght ventricle 13 hypertrophied.
Hevopyxames There 13 a mse in pressure in the nght ventricle

This may reach nearly 200 mm Hg In milder cases the pressuro

ranges between 50 and 100 mm Hg. An average between 70 and

80 ls"‘commnn (5) The sudden change from the verv smaff waves
Ternndad m ats

ve .
(g 1) 2 wore unuy W be Mtundibular

1f the tip of the catheter 1s watched dunng its passage an
exart interpretation ¢an be obtained The rared pressure In the
nght ventricle causes large “a” waves of aumenlar systole m the
vetns of the neck (7, 3) The pulmonary flow may be normal if the

stenosis 13 slight {2) The eardrae cathet
——t(2) atheter does no harm, 1t would

ht theoret: 2 v
n the pulmonary izt eoretically aggravate the stenosis when

chronous or asyhehronons as timed agarsy

libulum may be syn.
deflection  If the former,

the ECG ventneular
there 13 & fibrous opening from the
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ventricle and not a muscular ring If the ventricular pressure goes
on rising, after this peak of pressurc in the infundibulum, the orifice
is muscular and contractile, and casier for operation (33)
-‘dngiocardiograms. These show slow emptying of the right auricle
and ventricle (G, 7). At tho pulmonary orifice the deformed valves
may show up, or the narrow infundibulum. As these are negative
findings the shadows are apt to be deceptive, for technical variations

[ . A -
FAY M\
S
. E ’ A}
Pvn A -rv!-u-_\_‘l \u-"—"" ‘\,.-
- T

{ i |

-’\J'l._r'—\nd--’\.l-...)'\._;\.dl O U
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Fio 11 Pulmonary valvular stenosts.

may cause them When tho large pulmonary artery s full it shows
up well.

The ordmary skiagram of the Jungs shows oligwmia as a rule,
but there is a good deal of variation The trunk of the pulmonary
artery does not pulsate

‘Crivicat FEaTURES  About a quarter of all cases have no symp-
toms, The complaint is usually_fatigue, dyspneea, and cyanosis
The pressure in the right ventricle does not correlate closely with the
symptoms. Cyanosis suggests o severe_obstruction The highest
pressures go with the smallest pulmonary onfices Thero 1s far
corrclation between this pressure mn the nght ventricle and the
cardiogram  With a systolic pressure above 100 mm. Hg, R in V1
and V4R exceeded 20 mun and a pulmonary P wave was seen  Over
the mght ventricle the S-T interval and T waves were abnormal

7).

(3'12110 face is sometimes full and bloated Large “‘a” waves are seen
in the veins in the neck, There may be precordial pain of anginal
type +which nitro-glycerine can relleve Fibrosis of the right ventricle
was found (8).

The large right ventricle 13 ndicated by the strong liftmg impulse
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to the left of the sternum. There may be some dullness to the right
if the right auricle is enlarged. Over tho pulmonary valves there 1s
the characteristic harsh_systolic_murmur of stenosis_with a thrill
When there is stenosis beyond the valves the murmur may be
prolonged, rather like the Gibson type (34). The pulmonary second

Fio. 13 Pulmonary stenosts (valvular) Note large putmonary
artery and ohgemie lungs

sound 13 abnormally soft and as usual, will follow the sound of the
closure of the aortic valves Some think that infundibular stenosts
has the murmur lower down This 1s hard to be sure of m a small
child. Cyanosis may be absent When the cardiac septa are closed
pcriphcr;\l cyanosis may be noted later If failure has come on this
may be severe (§) There 1s some evidence that the flow mn the body
may be of unusual distribution, namely an extra large flow down
the superior vena cava while that to the upper part of the body
13 ncreased In some way, thus favouring the \'xtn¥ centres (9)
The oxygen content of the 1.V.C blood ts usually 42, higher than
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ParExT INTERATRIAL SEPTTM 3

that of the SVC. In };ure1 pulmonary stenosis_the S¥.C. has &
ig] ontent, as normally oceurs- 5 )

hl"r}]::egt’ {cnt[;m(rhl sepmm‘? The rising pressure on the'nght) srd:
of the heart may apen a valvular foramen ovale and pcr.n';xt 8] 1\::;

from might to left. This will cause central eyanoms w hic! h may
come severe  Along with this signs of right ventneular failure may

appear  On the other hand there may Ye & trne atnal s.ep\n\ defect,
which 1 France constitutes the Triad of Fallot. With this the eyano-
sis may come earlier as only a small rise in suncular pressure v i}
reverss the shunt Some ave blue ot birth; tronsient eyanosis tends
to become permanent (27) The shunt may amount to over 4 l.l(l'l‘s A
minute (10). In some cases it was 50% or more of the ?y.«\en\\e flow
{27} Insome patients the left ventriclers c.nlargod. ThJs ia s:nfl to be

o 1 et . .

AP RN

e -

wote puny and weak In the Trlogy cyanosis s more obviously
increased on exertion, the hemoglobin 12095, or less  The mgns of
the Tnlogy are more conspicuous The “a” waves are larye, the
murmur is louder, the second sound more split on inspiration; the
aortic second sound 15 not so loud (33)

The sktagram of Fallot shows no enlargement, whereas at this
stage in the other the inerease 1y severe The pulmonary arc of Fallot
18 wanting 1 the other the artery is large and the lungs less
obg=mie  Some 259, of the Tetralogy have a nght.sided aortic
arch 1t 15 rare 1 pulmonary stenosis The cardiogram shows
preponderance of the right ventricle in both, but the evidence of
strain 1 more marked 10 pulmanary stenosis, T waves being negative
to V4 lead The night ventmeular pressure equals the systemic in
Fallot's Tetralogy, w the prlmonary stenows 1t reaches tugher
levels  An mfundibular withdrawal curve favoura the Tetralogy
Diodratt will pass through the ASD and show the shunt from
nfht atnum to left; i Fallot’s Tetralomy it will 611 tha womsn
open am3 B

w
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(hypertrophie de barrage). The P waves tend to be of high voltage
(7). The P-R interval may be prolonged. The P waves mn the
standard IT l1éad may De large (3). The correlation.with the R-V
pressure has been mentioned.

“Mild cases of pulmonary stenosis with closed septa. These
have the thrill and.murmur. One may suspect that the dilated
pulmonary artery enhances them. But the night ventricle 1s only a
little enlarged and the right auricle not at all. The electrocardio-
grams show some slight right ventricular predominance. Pressures
in the right ventricle are but little increased and the curve from
the pulmonary artery is of the usual arterial type. The pulmonary
vessels are well filled These patients have no symptoms No
operation 1s needed for them (12, 13)

Prognosis. In the mild eases this is good, and some reach old
age. In one patient nearly sixty, the pressure 1n the right ventricle
was not over 100 mm. Hg and the cardiac output at rest was normal
(28) If, however, cyanosis develops, central in type, the outlook 15
bad. Once heart failure has come on it progresses fast. The hole
does not increase in size, so the growth of the body at puberty makes
the defect relatively worse (/4. Bacterial infection may occtr
Phthisis is not uncommon.

Operation. For the valvular is or for the infundibular the
operations devised by Broek (16) may have brilliant results

The pressure 1n the right ventricle may fall to halfits former level,
and the interatrial shunt from night to left, if present, disappears so
that cyanosis vanishes (15) Even gross failure may clear up. The
cardiogram becomes more normal, improving even in a few days (36}
The heart decreases 1n stze and the pulmonary vessels seem better
filled The murmur and thrill may remam unaltered The infundi-
bular lesion is of course more difficult to enlarge, but even after full
dilatation the pressure 1n the right ventricle may not fall much
During operation various ventricular arrhythmias may be noted,
from extrasystoles to tachyeardia—vanation in pacemaker 1s seen
and A-V block Bradycardia 1s ominous (18) In skilled hands
mortahty 1s small, particularly if failure has not come on With
safe hypothermia or alternative extra-corporeal eirculation, results
should bo better. The direct attack has advantages The closed
method 15 not so good (36) It 1s so important to know how much
of the obstruction is valvular and how much infundibular Time is
needed and if available, septal defects if present can also be repatred
(37). A plastic operation on the valve can be done. There may be
some pulmonary reflux afterwards (25).
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~s ror OrERaTioN. Increasing. eyanosis, rcntmi_ or
Pei;;‘;:l:'?;.s an amportant point. Mld eases can Lo left, the right
ventricular pressure beng but Yittle raised and the t:“‘i_\“‘é‘““\
normal (37) If the mean right ventrcular pressure is 70 mmo.
g, or more, the operation should be done (19), certainly if over
100mm Hg(32,37) The moment deterioration threatens, that is to
say symptoms appear where none were before', operation sl\m.xld not
ve delayed  Any inerease in the a\mcrmn\\t.y of \‘.l\zf c(\.nllogmm
would be a pownt 1 favour (20}, as would an increase in size of the
nght ventricle, which may become enormous. The cardiogram may
be unreliable in young children (35) The point is that operation
should not be delayed lest it be too late.

Pulmonary stenosis with ventricular septal defect. Left to
night shunt may oceur (1) These eases are unbike the Tetralogy of
Fallot, for the aorta 13 not dextroposed and the ventricular septal
defect 13 small The signs of pulmonary stenosis are present, Zhich
may be valvular or mfundrbular, as the catheter may suggest (23).
The pulmonary artery pulsates freely and the flow nto the pul-
monary eireulation 1s not much reduced. The pressare 1 the right
ventricle 1s but moderately rased  The diagnosis depends finally on
the detection of arterial blood 1n the nght ventricle The cardio.
gram may be of the B bundle branch block type; pronounced mght
ventricular predorainance 13 not always seen (2], 22). Exercice
ey reverse the shunt and eause eyanoss

As i these cases the stenosis 1s probably shight and the mereased
inflow 18 responsible for the hypertrophy of the night ventncle as
much a3 the stenoss, one may lotck on this as largely relative
Valvotomy is not needed here The best. procedure would be to close
the septal defect (24)1f that were possible It would appear that this
combination may be present with aortie reflux (40)
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CONGENITAL AORTIC STENOSIS

It is convement to consider the two types together although they
are of different origin, and are also different from the pomt of view
of operation

Valvular type. In this type the lesion is at the valves, and the
defect 13 homologous to the valvular type of pulmonary stenosis.
The valves appear to be fused and thickened, this state apparently
results from faulty development, 1t may lead to ncompetence of the
valves. Three-quarters of the cases are males (#) The pulse 1
small and anaerotic, and the pulse pressure 13 low, but there 1s
variation (11) The valve must be reduced in size to below half its
avea before the circulation 1s affected (7) The rough harsh systolie
murmur condueted to the neck 1s obvious, and there is usually o
systolie thrll .

The character of the aortic second sound vartes and 1s m'u'clmble
(11) Tt can be quite normal and even loud (2, 3) l?rcb:lbly in about
half 1¢ is weak (] Calcification does not reduce it necessarily {4)
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Enlargement of the heart may be slight or inconspicuous, this may
be due to 1ts vertical position in children Above the valves the
aotta may be dilated as 1n pulmonary stenosis, This helps to dis.
tmgwsh from the subaortic type but is not & yelinble feature. A<
the left ventricle enlarges the T wave over it may become negative.
Subaortic type. This 13 probably rare and 14 usually not gevere
{2,8) The lesion is due to ymperfect mvolution of that part of the
bulbus cords which takes part in the formation of the left ventricle
Just below the valves. The defect 15 homologous to tonus or in-
fundibular stenosis m the right ventriele, into which most of the
Dbulbus 1s absorbed A fibrous ndge or bar is seen Just below the
semilupar valves, which contains a good deal of elastie tissue
Calefication 1 less likely than in the valvular type, over the age of
thirty  Oceastonally there may be stenows of the valves as well,
as on the pulmonary side  Coarctation may be present in the aorta.
The usval systolic murmur and thnll are produced, but the obstrue.
tion is not often severe enough to cause much left ventricular
hyperteophy, so the cardiogram may not show left ventricular
‘predommance  For the same reason the amacrotic type of pulse is
not felt, and the blood pressure may not be Jow It 13 doubtful
whether vanations in the sccond sound help in the diagnous from
the valvular lesion (3} Anmneandinceache —tohe Loto -
the extent and site of the
wjected through 2 wide

and rapid pictures taken in the left lateral position “Butlrcmll;.;tl
x:xght be necessary to mnject directly into the left ventricle (13)
tiotch on the downstroke of the subelavian pulse 1s saxd to show

that the valves are mobile (§) Thist, f
oo b { ype of stenosis 13 not go switable

Surgical treatment. The operation 1s still one of rather
mortahty, but the cases vary a great deal 1n gravity oxna:ll(‘):lbth;it
Tesults will be better us the selection of cases improves If the
valves are severely caleified and densely fused the difficulties may be
greater, but gross calafication will not be seen early The h; o T
tqmphled left ventnicle is wnitable (6) It 1 mmportant to decx()l?i)r'x
gﬁg‘t\;on‘befote heart failure comes on Dyspneea, syncope and
b :id‘ﬁet\hﬂ with the eardiographic evidence of left ventricular
P but.et }:)pcmtmn {2} Aorta reflux may result from the
e bt ‘1: should be Jess hkely 1n the subamtic type How
o he Pgr\; w“:s o£ mfection 13 nuntmised 1s doubtful  Estitmation
T Bres may‘t : denleft ‘{enmclc, by direct puncture through the

me It does not seem rsky It s possible to
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catheterise the left side of the heart through the left main bronchus,
which is in direct relation to the left auricle. This method is relatively
safe as the pericardial sac is not entered (14). The puncture of the
left auricle directly through the skin of the back is less casy and by
no means free from risk (15). Probably the most practical way is to
get the pressure at the time of operation: but the information is
really needed before the chest 1s opened (6). The knowledge of the
pressure gradient across the aortic valves is most important The
physical signs may be very deceptive as to this essential point (76).
About 50 mm. Hg of differential pressure mdicates operation (11, 17)
The possibilities of a dry field are very important; how far hypo-
thermia or an artificial heart is better remains to be seen. No doubt
the difficulties of the transventricular route will be made less. It
is however preferred where there is calcification (10).
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EBSTEIN’S. DEFORMITY (1866)

Morbid anatomy. Thero 13 a deformity of-the cusps of the
tricuspid valve. These are fused and drawn down into the ventricle.
The posterior cusp is most abnormal, the septal may be well
formed. There may be a good deal of fenestration, the papllary
T les are defc d. The attacl t of the valve flaps spreads
downwards mto the ventricle which 1s divided into two chambers,
o relatively small outflow tract, and the part above the valve whcfe
the wall is very thin and resembles that of the auricle. This atrophic
musele 15 held to be the result of the deformity (). This chz\mb?r 18
very large, and may become enormous. The upper part of the right
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ventricleisactuallyauricularin function, The foramenovale iswsually
patent, or there may bean atrial septaldefect ; then the hole’:x ]“.rg:,’
N h PN A

[ RPN R B " -

. e e )
appear fainly late, snd its degree will depend on the size of the atrial
septal defect (3, £} It varies o good deal (1), and may increase
with exercree {12} The fernoral arterial oxygen saturdtion may be
about §0°, (2) There may be clubbing of the fingers, and the usual
polyeythmm  Dyspnea of varying degree is the xlmmnm?t
symptom, but 1t may be mid Squatting 1s wnusual The heart is
enlarged, particularly to the nght, and looks globular (70) A
systolic murmur which varies a good deal 33 usually audible near
the lower end of the sternum  There may be a diastolie murmur (7).
A gatlop rhythm is often noted (3, 4).

The cardiogram mny show a prolonged nunculo-ventnieular
conduction (3, 5, 6) The P wave is usually of high voltage, large
and peaked in V1 and V2 (23) The QRS complex is usually of the
Tight bundle branch block type (3), but the left-sided variety may
occur Normally 1n health the voltage of R over tho nght veatrele
tends 1o be fow, when 1t is high over the left ventricle it suggests

L here (5) A \! brillation and lar tachy-
cardia oceur (12, 13) The angiocardiogtam shons the large nght
aunele which empties slowly (2, 3, 6, 7), the left fllmg at the same
tmo {I0) The tricuspid notch 13 wanting, the pulmonary artery
may not fi}) or the pulmonary artery and the aorta may fill together
(9) The cardrac catheter may pass through the hole 1 the atmal
ftP‘“r? The pressure i the right auricle mav bo the cann ag #let -

. awvv s e bultiom of the outtlow tract Catheterwa.
bl:n may be dangerous, though some do not think so (10), there may
lslome osk of producing arrhythma and of perforating the thin
‘l:\ " of :hchvent:‘mle or of damagng the tricuspid valve (3) The
> WAY be vhigemie, or show shight
PGP S w slight congestion  The irenlation
Tounse axp Progxosis, Faul 1
NOsIS, ure of the right ventricle 14 Iikely
to came on  The Liver hecomes large and polsatng Some pnlient)s
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s
have reached the twenties and thirtics. “Pulmonary tuberculosis is

common.

Dracxoss. This 1s very difficult as the cases vary so much.
The important features are the huge right auricle, and as a rule
the right ventricular type of cardiogram, and sometimes olgmmic
lungs (10). Tt is important to distinguish this from the Tetralogy
of Fallot, where operation may help, for bere it cannot do so. The
late onset of cyanosis 18 a point, but this may be the case mn the
Tetralogy. The Triad of Fallot should present no difficulty with its
high right ventricular pressure and signs of pulmonary stenoss,
together with right ventricular enlargement
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TRICUSPID ATRESIA

This cyanotic lesion has lately attracted attentson, it is important
ta distinguish 1t from those for which there is some effectrve surgteal
treatment

Moretb AxaTonmy. The valve and rght ventricle may be wanting,
or they may be present m mumature form  Infundibular stenosts,
1f there 18 a pulmonary artery, may be present (/) This part may
communeate with the left ventricle through a hole Ingh in the
septum  The valves may be bicuspid The night sentnicle may be
in two parts (2) Somctimes there js transposition of the great
vessels, These defects artse very early mn fatal hfe, m the fourth
week, so the association of the other lesions i hkely (3)

Hasmopysamics. The blood must reach the left side of the heart
through a dcfect m the atrial septum which may be the foramen
ovale or one of the other apertures  The final path to the lungs may
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e through a ventricular septal defeet into the §mnll righ!‘\'ox;trlc‘llc
and up 2 stenosed pulmonary artery; or lf.ﬂm channel is close :
Dby a patent ductus, or through bronchial arteries (§) The pulmonary
all,
ﬂoz‘r!.;;f:xf z’?;::z Cyanosis is usually intense and is apparent
at barth, or appears soon after. A few are not blue if transposttion
allows blood from the left ventricle to flow direet to the lunm'. The
baby 15 wasted and puny and liable to dyspncea Many die in the
first year of hfe; a few may hve longer (1, 5), but not many pass

seven years, There is usually o loud systolic murmur and o thel
{B) Thoen mum cfee 1 0 Tras e

he veins of the
neck ( gram shows the
farge If the heart is
vieweo

. nght auricle 1
m front, to the observer's left, and ity pubation is

presystolie and

precedes that of the left ventricle Iying behmd and to the oh~erver's
night (9) The anqiocardiogram shows that the auricles fill together
e T ventricle not at all
Sometimes they are

+ - and indicates Jeft
ventricular hypertrophy The combination of this type of curve
and a eyanotic lesion 13 diagnostic  The auricular waves (P) tend
to be of lugh voltage

The cardiac catheter fails to enter the night v
Pass 1nto the left aurcle easily This does not
diagnosis The oxygen saturation of the blood 1
way be but little less than that of the artenal in some cases; in
others there 13 considerable arterio-venous oxygen diflerence

The Blalock operation would be worth
to be ischeme
other cyanotic lenions  If the
dangerous to increase the flow

1

eatniele, but may
help much 1n the
n the right auricle
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ATRIAL SEPTAL DEFECT

Development., Formation of the atrial septum begins i the
fourth_or-fifth week of fectal life, and is complete, apart from the
foramen ovale, by the eighth week. The partition of the auricles is
first brought about by the growth of the septum primum This
grows in the form of a crescent, with its concavity downwards.
(Caudad.) The opening in its lower portion is the ostium primum.
‘This aperture closes, meanwhile a second opening forms higher up
in the septum primum, the foramen secundum. On the right-hand
side of the septum primum there now forms the septum secundum,

S.V.C Supersor vena cava

IV, Infertor vena cava.

F1'  Foramen promum,

F.0. Foramen ovale or secundwn

S, Septum primum

S, Septum secundum

A.E.C. Anterior endocardal cushion
P.E C. Postenior endocardial cushion

Fre. 14 Formatton of interatrial septum, (After Walmsley)

thicker than the first septum  An aperture left by this septum
15 the foramen ovale wath its thick rim, the annulus ovals (Fig. 14)
Blood can still pass from right to left through this valvular opening
It could not pass from left to right because of the valyular character
of the cpening In some 16%, of cases the opening does not com-
pletely close after birth and can still Jet pass a probe from nght
to left. This apparently complex process of growth 1s necessary in
order to provide a shunt from right to left in faetal Iife, wluch can
Dbe disused at birth, and yet later prevent a left to right shunt when
the pressure in the left aunicle rises after birth (1)

Types of defect. Three types of atrial septal defect may be of
pathological importance.

Persistent ostuum promum  With this the antertor cusp of the
mutral valve may be cleft, leading to nutral incompetence

Ostium secundum defect Here this opeming coincides with the

foramen ovale.

included
Patent foramen ovale  Shit-like openmngs are not inch here
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Tn some instanees the whole septum is wanting. Thia classifica-
tion {1) may be follawed. .
1, Norma} scptum, ostia overlapped, Foramen ovale sealed.
Foramen nvale upsealed (valvular)
2. Abnormal septum, ostia net overlapped
Ostium primem
Afone
With ostium secundun.
With valvuiar foramen ovale
Ostinm secundum

Incidence. This is o coramon congenutal defect It occurc ns o
sole lesion 1 7-23%, of cases {2, 3) but Sgures are variable and the
modern methods of investigation may tause them to change
Pemales are more affected than males, perhaps twice as many.
Gther fesons ate found with atrial septal defect, particularly pul-
monary stenosts, and abnormal pultmonary veins, Physical growth
way be stunted and fral (4).

Mortud physiology and anatomy. There 13 o hole between the
aundes anything from 1-3 em across  There 13 usuatly a shunt of
lood from the [eft aurcle to the nght  The flow may amount to
30 0r 605, of the output fror the nght ventricle (5) Exertion may
reverse the shunt by raising the pressure m the nght avncle The
wsual flow from left to might may be due to the pressure in the
left auricle bemg a hitle higher than the right, but the difference
2 zeally emaRl (6} In the wpnght posture the feft auncle les at n
shyghtly higher level than the rght (7), but this may not be smpor-
tant The Qefect vames m mze It has been suggested that when
its ateq 13 more than 2 sq. em there i3 no sigmficant difference n
the pressures on, the two sides  there is i actual fact Just one com-
R s {26, 33} Whde m some cases the causes mentioned
above may operate, when there 15 no important difference
gl’i&iﬂm’, the flow from left to night may depend on the tiferent

y of the tno oF 1o vesist in therr arrculs.
tions (43)  The stroke voh iele i .
o e e stroke v ume of the nght ventricle is preater shen

blood fran
the nght s
[t

i . + eaves sty REACR
wtte, three or four twmes the normal ay rest.
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Despite this huge flow the pulmonary circulation can accommodate
it withont mse in pressure as a rule (43). The right auricle will
enlarge. The venous waves show a large “V* wave which can be
recognised by its coincidence with the second sound of the heart (S).
If there is pulmonary hypertension the “a* wave of the jugular
phlebogram may become large (6, 9).

The increase in the size of the right auricle can be associated with
P waves of high voltage. Increase in the P-R mnterval (heart block)
is quite common but these points vary much (10, 17, 12). As the
years go on the enlargement of the right ventricle may become
extreme There is both dilatation and hypertrophy Chnically there
is a heaving impulse just to the left of the sternum over the right
ventricle. Dullness on percussion may extend to the right of the
sternum  The beat at the actual apex is tapping. The first sound is
loud in the tricuspid area (27). A murmur due to euricular systole
may cause a tricuspid diastohe murmur (27) Over the pulmonary
artery a pulsation may be palpable, in fact, almost a thrli if the
patient is thin The closure of the pulmonary valves may Do felt
A systoltc murmur 13 usually audible here, hollow sounding and of
low pitch The cause of this murmur, a true ejectron murmur,
is the increased flow of blood through the dilated pulmonary artery
whtch 13 also nearer the surface of the body than usual (27), not the
atrial septal defect. The second sound mn the pulmonary area is
split The pulmonary component is the second, for the right ventricle
is overfilled and empties more slowly (47) The splitting is wide
and fixed The pulmonary component 1s jouder than the aortie {9)
If there is pulmonary hypertension the pulmonary clement becomes
very loud indeed If the flow decreases it may become soft (27). In
half of the cases there is the Graham Steell murmur of pulmonary
mncompetence (9, 12)  Sometimes there 1s a functional mid.diastolic
murmur near the lower sternum due to ncrensed flow of blood
through the tricuspid valve

Ergornocarpioaray  In some 809 of cases this shows more
or less delayed actrvation of the surface of the right ventricle, the
duration of QRS being prolonged  (Partial or complete right
bundle branch block} (9, 13, 24, 33} In V1 of the precordial leads
there may be a conspicuous R wave coming rather late, scen also
in V2 and V3. VR has a simular appearance  The T wave over the
night ventricle is usually negative. Over the left ventrcle (V6) the
intrinsic deflection is earher (Fig 15) The umpolar hmb leads
suggest a vertical position The effect of the increased filhng of the
right side of the heart is to produce dilatation and hypertrophy,
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rance enlargement due to dilatation e}uch as (Iu{ is
:;‘et:is gﬂfd “hypmn%;hie de surcharge” and is lmku‘d “("(l(:
the cardiogram commonly found in th'('we cases. Thisisin contras|
the curve of “hypertrophie de barrage’
found in pulmonary stenosis (13) 1f
the prescure rices, the card may
alter 1 type and become more ab-
normal than before: the curve may
becore more that of right ventncular
hypertrophy (34) After operation
there may be less abnormality (1{)

[ (TR

b

g

true nght bundle branch block the
ppendix of the horzontal loop 15 to
the nght runmng anti-clockwise  In
hypertrophy (RSR') the loop runs
elockwse to the right and later to the
eft {4) The RSR' pattern may be
due to defay i the activation 1n the
basal parts of the night ventricle
Thete may be some relation between
the pattern of RSR’ 1n V1 and the
volume of the fluid, the pressure being
normal  The large P waves in V1 and
V2may also be related to the flow (£3)
The association of the RER! patternm
Vand feft axis devation or left ven.
tricular predommance has been found
with a persistent, ostium Phmum with
& cleft mutral valve (46) RSR’ alone
13 R In some two-thirds of cases, and
means hypertrophy of the nght ven.
trcle  Auncular fibrllation or flutter

Fic 15 Lutembacher's Dis.

ease Nota delayed R n V1,

V2, V3, V4, V5 Negativ
¢ not uncommon 1n the later 28T warey R
The P-R n

m precordial leads
terval 13 often prolonged Vertical heart
aurnele fayls

Carouag CATRETERISATION The catheter ma;
septal defect into the left atrm, and so into
t may oceasionally pass nto the left ventricle
nght atrium Toay show 4 saturation with oxygen

before the

Y pass through the
& pulmonary vein
The Llood i the

of 80 0T 80°, 1n
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contrast with that from the superior or inferior vena cava of some
70%. This depends on the degree of mixture by left to right flow,
Abnormal saturation with oxygen may be due to anomalous pul.
monary veins. It is not uncommon for a vein from the right hmg
to drain into the right atnum when there is an atrial septal defect.
In fact pulmonary veins draning into the right atrium or great
vens have the same effect as a patent atrial septum  The pressure
wn the rght auncle and ventricle is not raised in the large majority
of cases (9, 10). In children the pressure is usually low. The higher
pressures tend to be found in older patients (19, 20, 21}

Pulmonary hypertension is an mmportant complication in these
cases. The pressure in the pulmonary artery may reach 60-80 mm,
Hg (13). There does not seem to be any close relationship between
the volume of the pulmonary flow and the level of the pressure
A moderate rise may be hyperkinetic and due to a Jarge flow without
increased resistance (43) If the pulmonary bed is normal the
inereased flow is casily accommodated (£3) Quite a small increase
1 flow may be associated with a rise in pressure if thers is increased
resistance.  The rise in pressure is due to obstruction in the pul-
monary artertoles (18). There 1s medial hyperplasia, intimal pro-
hferation (£2), and often thrombosis, so that the vascular resistance
may becore very high (26) If the pressure is normal, normal vessels
are found {42).

Radwlogy The remarkable systolic puisation 1s seen in the targe
pulmonary artery and its branches. This vanation in the shadow is
better seen o the right lung field at the edge of the heart. This
abnormal pulsation 1s particularly related to the mncrease in flow,
not to any rise in pressure (15) But pulmonary hypertension
still further enhances the pulsation if it 1s already present, yet it
will not do so alone. The enlargement of the right auricle and ven-
tricle 13 confirmed, particularly mn the obligue vien from the left (9)
The anglocardiogram may show that both atria fill together, in
fact all four chambers of the heart may be depicted at once

Course and prognosis. REVERSAL oF THE SHUNT Cyanosis
tends to appear late A mild degree of cyanosis may be due to some
minar degree of random mixing in what in fact amounts to a common
atrium (26) It mey appear transitorily after severe excrcise, ot after
per ing Valsalva's exy t when the mflow of venous blood
into the right auricle rises  This may be detected by an oximeter
on the lobo of the ear (36) Sesere cyanosis s due to a fall in the
ontput of the right ventricle . This failure of the right ventricle 1s
mainly duc to an merease In the reststance of the pulmonary
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B Late phase

Fio 16 Atnal septal defect
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arrculation, and the resultant pulmonary hypertension There may
be tricuspid refiux  Actually the diastolic pressure is not raised in the
right ventricle when it fails. The output falls, and this leads to the
shunt of blood from right atrium to left (26). The thrill and
murmur in the pul Ty area may d (24} Towards middle
life the heart may become enormous having remained unaltered in
size for many years (33). Auricular fibrillation and flutter are not
infrequent It s the only common congenital defeet with which
they are associated. A very fast rate may cause syncope, and so
may sinus standstill (£9). Infection of the opening 1s most unlikely
to occur. Although considerable enlargement may be seen, yet
many patients keep farrly well for years, usually past 30 or 35
Heart failure tends to come on in middle Iife, and the eyanosis may
be severe {33) Some patients, however, reach old age (37). The
clinical picture in the later stages is very different from that of early
years It would appear that the course of the case depends very
much on the development of pulmonary hypertension and the
associated vascular obstraction m the pulmonary arterioles In
some instances 1t has been noted that failure of the left ventricle
may come on. The diastolie pressure m that chamber 1s raised, but
the fall in output 1s small {(26). In chldren growth is retarded,
chest infeetions are common, The same cardiac findings are found
as in adolescence or young adults (41)

dssociated lesions  The combination of pulmonary stenosis and
atrial septal defect 1s considered under the pulmonary valve lesions
{p- 43) Itis met with msome 10%, of alicases of ASD (33) The
abnormal pulmonary and great veins are mentioned elsewhere
(p. 88), the subject also arises under transposition (p 25)

Mrrral. Stevosis  (Lutembacher 1916, Maude Abbot 1915)
This combination is much less common than formerly was supposed
when auntopsy findings are considered (22) It is almost entirely
confined to women. The murmur and thnll of mitral stenosis may
be detectable but they never reach the mtensity of pure mitral
stenosis, because the septal defect acts as a safety valve The
abnormahity of the putral valve may be congemtal or acqured
the latter is more hkely

PeRsISTENT OsTIUM Prisux  Occasionally there 15 mitral
incompetence and the left ventricle may then be enlarged (28) A
loud systolic murmur, mutral or tricuspid, 15 heard m perastent
ostium primum, and has been cajled false Lutembacher thsease
The defects of the mitral valve are likely to he aseoc{(xte(! with
persistent ostium primum. The diagnosts 1s important in view of
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the surgical duffienlty in closing it. The left to right _shunt'.r: .lnrg.e,
there may be mitral or tricuspid reflux. The left nxis deviation in
the ECG refers to the mitral reflux which goes with the ostium
pnmum  There may be a ventnicular septal defect. Gross cnlnr'gc-
ment of the heart ;nay develop in childhood (£8). The fo“m\{ng
clasnfication may help to make clear this rather complex situation
51

( I;):n:crs of TRE Exnocarpiat. Crsnioxs  In the sicth week the
dorsal and ventral eushions of the auriculo-ventricular eanal may
fal to fuse (1) In the mildest type there 13 a pemsistent ostium
Primum and a bifid anterior cusp to the mitral valve {2). More
severe 1s an associated deformity of the septal eusp of the lrlclltpl:l
valve(3) The auricnto-ventrieular canalperaists At the top there is
persistent ostinum primum, and below is a ventnicular septal defect
The dominant hzmodynartes are thowe of the A 8 D., hut there
may be a shunt from left to nght at the level of the ventricles
The left ventricle will probably be as much enlarged as the nght
The recogmition of an meorpetent auriculo-ventricular valve, miteal
23 a vule, heips to distingmsh the strghtforward A8 D, which
1 becoming a practieal surgieal problem, from the much more
diffieult defect of the endocardial cushions (31)  The assomation of
pulmona;

Ty stenosts must be remembered  The dumstolie murmur
av the apex m some nstances 13 due to the greatly increased flow
through the mutral valve which 18 not stenosed  Perhaps one-fifth
of all cases have this murmar (22)  An unusual type of shunt
tesembling an atrial septal defect has b
ventnenlar septal defect and an abnormal tricuspud valve allowmg
bload to enter the night atrum (23)

Treatment. Several methods are un
defect The mortality 1s falling Technical difficulties are great, for
the defects vary 1 size and stte Tt v suggested that elosurs mught
be attempted when the heart 13 beguning to fail (22} But this
might be too late, for wrreversible DRlmanarr hreetan :
have been established, a
shuat 15 reversed, which wout
suggestion depends on th,
were thrice the normal

der tnal for cunng thie

© ruime of the pulmonary flow, if 1t
operation would be ndieated (20), Probably
all cases should be operated on 1f they have persistent ostjum
secundum A persistent o5ty Primum however 1s the most difficult
to close and martatie «x - n nay oceur in
;ne n ten cases . Ppulmonary

ypertension 1 s guwons murmur of
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mitral or trienspid reflux; the cardiogram may show left ventricular
predominance; there may. be complets heart block; left to right
shunts are found between auricles and ventricles (3§). In somo
hands the “atrial well” technique of Gross is successful, with some
4% mortality (29). Hypothermia with a dry nght heart is now
generally used here, but time is short, and there i some risk of
ventricular fibrillation when the temperature falls too low, below
31°C With the left forefinger exploring the atrium and guiding
the needle direct suture of the defect is fairly easy. In this way most
of the aperture of an ostium primum ean be closed {30). For the
ostium primum an extra-corporeal circulation is needed {50), bmt is
not always satisfactory (37) The difficulties Jie in the vanable
anatomical conditions, but valnable advances are being made and
no doubt will go further. Once the closure has been done the results
are good and things return to normal (40) Pressure in the Jeft
auricle is not raised by closure of the defect The pressure in the
pulmonary artery and right ventricle falls 1f 1t was raised (£0),
the heart diminishes in size (38) The improvement is rapid and
dramatic (50). There 15 less dyspneea, for the lungs are less sbff
(19). Any abnormal pulmonary veins can he dealt with at the tune
of operation
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ABNORMAL SEMILUNAR VALVES

The nortic and pul y valves are devel

it from four

») taudy, W0 may persist only m the aorta, gving a bicuspid
Aortic valve {Fig 18)ora superaumerary cushion ot two may produce
ixtm pulmonary cosps (Fig 19)  Spitzer'a esplanation for the
ieuspid aortic valve, where there s transposition, is that 1t Tepre-
sg:):s t!&e p;umuw reptilian mght aorta which has two valves
ﬂ\n“:{:h ;\0 tie \"ah‘h are cliuely assoclated wath abnormahties of

PRI VTR
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Bicuspid pulmonary valves occur in infundibular stenosis and in
the Tetralogy. They are not liable to infection or to caleification
Even when there are four or five pulmonary cusps they may function

Fra, 17 Formation of the semiunar sahes
(After J, W. Brown)

- o) PA.

- <€w
A B c
Fio. 18 Formation of the bicuspid aorfic valies
(After J. W Brown)

N 7 PA.
U | f )
@ -

B

C

¥ic 19 Formation of supernumerary cusps in
pulmonary artery
(After J. W Brown)

quite well, but three are probably the most efficient A super-
numerary cusp, or cusps, might be suspected when there 15 un-
explained pulmonary mcompetence {Fig. 19)

1t 18 suggested that rheumatic infectton may be responsible for
those cases where no other congenital defect 15 present The com-
missural Jesion in acute rheumatism may canse fusion of the adjacent
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cusps, The vaphe in the bicuspid valve contams co!hgcnnus and
Tiot elastic tissue, and there are other signs of past inflammation.
These are the lesions peculiarly liable to infection and ealeification.

The defect 1n bicuspid nortie valves was shown to be assooiated
wath an abnormal position of the elastic tissue m relation to the
annulus fibrosus where 1t lay superficially at the raphe which repre-
sents the abortive commissure  The presence of a ridge on the wall
of the norta at the commtssure, shehtly mvolving the sms and
campased of elastic tissue, may e characteristie of the congenital
defect

Probably both types i time tend to become calaified and mfected.
Duistinetion can only be made by histologieal examination and this
may not be easy owing to gross change due to the ealeification
The serule fibro-calcareous nortic stenows, often seen in old men,
rmay be the final result of these Jesions in many cases.

The posubihty of surgical treatment of the stenosis ansing from
these defects 1s considered an page 47.

1 Franches,, J et @l 1834 Amer HeareJ 47, 664

ABNORMALITIES OF THE AORTIC ARCH

Of the prmutive six pairs of aortic arches, the first three cephahic
pars drsappear  The fourth arch on the left side becomes the arch
of the aorta, on the right mde 1t forms the nnominate, and part of
the right subclavian arteries The 6fth arches dsappear, the nght
sisth arch gves rise to the pulmonary artery, and the left to the
Quctus arteriosus :

Posubly through stenosis or some other cause, the fowrth left arch
may disappear, wholly or m part, and the fourth nghg, areh persist
instead, as 1t does m birds  Perhaps this stenosts leads to coaretation
11t accurs after the nght arch has disappeared Oceasionally, botl
arches persist complete T be
Three types of abnormakity may be distinguished —_
L Tk 120 ©
2
3
The degree of persist N
b versistence of the left arch distinguishes thewe
1 The anrtin andd «.
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Bicuspid pulmonary valves oceur in infundibular stenosis and in
the Tetralogy. They are not liable to infection or to calcification
Even when there are four or five pulmonary cusps they may function

- PA
d o

A B
Fre. 17 Formatton of the semilunar valves
(After J W Brown)

PA
A
A B <

Fia, 18 Formstion of the bicuspud sortic valves
{After J W Brown)

PA
A
<

¥ra 19. Formation of supernumerary (usps in
pulmonary artery,
(After J. W Brown)

S

L=

quite well, but three are probably the most effient A super-
numerary cusp, or cusps, might be suspected when there 15 un-
explamed pulmonary incompetcxlc? (Fxgv 19)

Its suggeﬁtcd that rheumatic infection may be responsible for
those cases where no other congenttal defect 15 r{rcscm The com-
missural lesion in acute rheumatism may cause fusion of the adjacent
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X-ray examination shows that there s manlly no sortic kol
on the left, the tortic arch prajects to the right as a knob or
band The persistent left root of the left arch may appear as & small
Lnob on the left, thus two knobs may Le seen, Barum in the
cesophagus shows the relations very well ‘The duetns arises from
4§t 41 and enmmletes the vaseular ring. The traches 8

3 There may be a double aren  ane tow sevw. "
cesaphagus to form the descending corta  Each arch gives off ite
appropiate branches The left 13 anterior and smalfer This i very
rare

The diagnosis is purely radiological

PrysicaL Sioxs are suggestive but not defimite. There may be
dullness 1o the right of the sternum. The sortic second sound is
heard high wp There may be some pulsation over the dull area
There may be a tracheal tug These all suggest also apeurysm
Paralyus of the vocal chords may occur

Syarrous These may refer to the branches or sophagus. The
bgamentum arteriosum springng from o right aortic arch may cause
stranghng n nfancy, with dysphaga, stndor and wheezing, the
head bemng held back Both these defects may Lo rebeved by opera-
tion 1o the first the hgament can be eut, and in the second the
smaller arch divided (2)

ABERRANT MaI¥ Bravcues There may be an aberrant right
subclavian artery runmng from the descending morta, which may
poss betind the cesophagus and indent 1t ¥ndentation will appear in
the s}t\m\nw ;:[ the bonum swallow  This artery moy eanse no
symptorns It may oecur wi y: i
12 ca}:x e dimded ¥ th coarctation  If st leads to dysphagia

An anomalous ynomnate and left carotid artery may oceur and
u;;\:eT \;re:;:reholé the 'm:lhltn )”l‘hey can be pulled out of the way
2 e dysphaga cauved by ¢ ¥
epithet “lusoria,” bug it 1 ri-nl :r::;ifmahes fas fong hud the od

1 Mann, W 1947 Guy's Hosp R, B8,
2 Gross, & B 1055 Cureubrpnn, . xz'c.m

COARGTATION OF THE AORTA
The earhest clasaification by B,
y Bonnett (1903) re:
tre mfantile which was a diffuse mln‘o\\'mg)of ct‘))g‘:f:rixtc“gt?m‘
RN A Cardicl % )
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behind the wsophagus to leave the thorax by the usual opening
(Fig. 204). Altcrnatively, the aorta may persist on the right side
throughout its thoracic course.

The left subclavian artery (representing the fourth left arch) may
rise from the aortic arch and pass to the left in front of the trachea
(Fig 208). It is then a homologue of the normal aorta (1) The ductus

Fra 201 Tught aortic arch Fio 20n Right aortic arch with
RSC Right subclavian artery peraistent left root.
LS.C Left <ubclavian arters LSC Left subclavian artery
A Tulmonary artery {After J W DBrown)

D A, Ductus arteriosus

anses from it, or from the aorta. Thus a vascular ring iy formed
round the trachea and wsophagus. The asophagus is not pushed
forward. Instead the left subclavian artery may pass belund the
cesophagus. Its umpresston on the wsophagus filled with banum
rives the diagnosis

structures forward 'Lhe ductus puus tne anvellivmu 1w s
behind the esophagus so that the asophagus 1s pushed forward and

to the left.



COARCTATION OF THE AORTA [in
coarctation the aorta 13 often thin walled and dilated and there
may be apeurysms

Toemmm b e 2

- '~ common in older
valves are often
They appear to

e abpormal 1 <ome 40% of cases i .

Congenital defects m the cerebral arteries are common, giving
rise to aneurysms, which may burst and cause S\I‘)amd\!\mfl
hamorrhage 1n one-tenth of cases (5) M?m widespread almorm.nh-
ties may be found 1n other l‘mrﬁs, pamc:xhrl“y.m the al.xlon_m}nl

avtornn Arsonnt’an

There 13 & raused blood pressure in most cases  But nat always 1
children (2). This nise m pressure depends on ventricular systolic
dsscharge and the capacity of the aorta and the distensibility of ite
wall Bathare vanable (3) At least half the lumen must be lost ()
1t 15 clear that the obstruction is in some way responable for the
Iugh pressure, and this may be associated with increased tone in the
artenoles of the upper part of the body It has been shown that
there 15 actuafly a decrease in the renal blood flow, but a normal
rate of glomeralar filtration  But the modern view is that no cavse
anses 10 the kidneys (4)

The blood pressure may be very different in the arms Thisisdueto
anamalies 1n the great vessels, a weaker nght radia) pulse may be
due to an abnormal ongin of the night subclavian artery, or to
stenosis at its ongin - A weaker left radial pulse may be due to
stenosis of the left subclavian artery, or to a coarctation proumal
1o the ongm of thus vessel, which may cause enlargement of the
night arm and <houlder There is usually hypertrophy of the left
ventnicle

Tow Onr- = ant features of the

1s pulsating arteries
There are scapular

s vLargtal sng integnal mary , also i 1
l:,r‘\d bspmnl The collateral errculation can be demonstrated in
h:&;‘:kﬂ‘gge?e “&hea patient stoops forsard Pulsating vessels can

time (9) nd murmurs heard, systohe and distolic in
The intan-a-a v -

tott -,

Lord

wetuus 106 100pS are conspicusus
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and the adulthich was a sudden constriction distal to the mouth of
the left subelavian, near the origin of the ductus arteriosus Three
commoner types may be defined (W. Evans).
-1, Stenosis of arch, hypoplasia proximal to stenosis, ductus
Ppatent.
2. Stenosis of arch, hypertrophy proximal to stenosis, ductus
closed.
3. Atresia of arch, hypertrophy proximal to stenosis, ductus
closed.
These account. for most of the adult cases.
Pathogenesis. The adult type of eoarctation has never been
found before or at birth. It may be that the process of the closing of

A, Aorta.

I Innominate artery

.  Pulmonary artery.
D.A. Ductus arteriosus

v Vertebral artery

§  Left subclavian artery

Fro. 21. Development of acrtic
arches  Numerals show the six
arches
(Aftor W Evans)

the ductus involves the wall of the aorta, and there 1s some histo-
logieal evidence for this. But sometimes the constriction is not so
near, and also the ductus may remamn open above or below 1t
1t is significant that the defect arises at the Jjunction of the fourth
and sixth prumitive arches.

Morbid anatomy. The proxmnal part of the sorta may be
hypoplastic, but is more often dilated

At the site of coarctation the aorta may be completely closed as
by a diaphragm, or there may be a small f‘cmml hole of varying
size. Sometimes the constriction 1s tapering and several centi-
metres long, sometimes in the form of an hour glass Below the
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~oung children the prognosis here is bad, unfess operation ix done
}’;6?) Ifg the cumtrichfn E‘pronmal to the left subelavian there are
Do anastomoses on the left side of the body {Figs 22 and 23).

Clinical features. Males are more often affected }hnl\ females.
Symptoms often do not appear for years. Those n.«or:l.nted with the
agh pressure ave headache, gddiness, throbbing in the head,
epistaxis  Aortie incompetence may result from the stretehng of
the aorta 'The inereased vascularity may lead to hyperthyroudism.
Palpitation may be troublesome.

The uppet part of the body tends to be well developed, with high
complexion and warm moist hands.

There 18 mote or Jess hypertrophy of the left ventricle; a diastolie
murmur has been beard at the apex (24). It has been suggested that
this 13 due to the lumen of the left ventricle becomng small from the
thiekening of the wall (concentnic hypertrophy), and <o causing
stenoms (23) In early infancy coarctation 13 & serious cause of
desth, particularly with a ductus patent below the eonstriction (29}

Much depends on the degree of coarctation, the mise m blood
pressure and the assonsted lesions, W any  Mild types, and they ave
perhaps eommoner than supposed, may be missed chnieally A
systohe murmor and thrill tow ands the base of theheart, and near the

Left clavlﬁe‘or scapula, or an unexpected hugh hlood pressure may

rtery settles

L tha lafe

s Buu

vervidi allely may be seen runmng upwards from theLnartn, The
asophagus may, when filled wath banum, show two wdentations,
oue above and one Yelaw the constriction  Pulsation of the aon:\'
below the cantetation 15 reduced The anglocardiogram may show
the constrichian and delayed filing of the aorta below it, hu;. the
cammst wedum 13 wpt 1o be diluted at thas stage Aortography is
the best method, A catheter 13 mtroduced through the feft radial
artery as faT as the coarctation and thy a y

25 ml of 0%, diodrast mected (2) Imgex‘:;\mhdrawn @ bitle, and
Tag P~ -

ventriel

¥ m fa

ne pre

e 1 - ox e selt ventricle wilt be found
o ductus artenosys ©pens proximal to the coarctation there may
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between fixed points in the arterics, at the angles of the 1ibs or
further round, and are curiously symmetrical Tt is supposed that
pressure by the loops may eause thoracic pain in some cases The
notches do not appear in very young children as a rule, in fact they
are rare under the age of six years (2). Aneurysms may form in
these Jarge arteries (24)

Distal to the obstruction. The relatively poor blood supply to
the legs and feet makes those parts cold and pale, patients complain
of weakness of the legs on walking and intermittent claudication.

Fia 22, Coarctation Fra 23. Coarctation
ductus closed cuetus open

The obstruction leads to a lower systolic blood pressure in the legs
than in the arms, and to weakening and retardation of the pulse i
the legs: a delay of 003 sec. has heen noted Pulsation may be
hardly palpable in the abdominal aorta and 1n the femorals  Wiile
the systolic pressure tends to be lower than normal, the direct
measurement of the diastohie pressure i1s as hgh or hgher than
normal The damping of the pulse wave makes it difficult to hear the
Korotkov sounds. The low puise pressure makes it difficult to fecl
the pulse wave However, the mean arterial pressure in the leg is
but little different from that in the arms It has been noted that
there is a thickening of the artertoles below the coarctation, inttmal
and medial, which may be associated with the rmsed diastohe
pressure (11). .

The duclus artertosus 13 patent when this structure is below the
stricture. Some 795 of all cases of coarctatron have a patent ductus
arteriosus (25) Usnally the ductus 1s proximal, but may be opposite
or distal If belaw, there 13 cyanosis of the lower part of the body



Seraical, TREATMENT il

Operation, Since Crafoord. ﬁxstxen.]edied the defect in 1044, a
considerable amount of cusgical experience has Mcﬂn.m\n\z-(\. The
sclection of the time to operate will be governed by various reasons.
1f the blood pressure 15 becoming hig'her and th? Yeft ventricle
chowing signs of overstrain, by derabl g t ond

b Jities i the elect di such as negative T waves,
1t should be adyisable to reduee the load, If the patient is child,
growth may theoretically leave the site of the operation relatively
100 emall, partieularty if a graft has been used But in fact aorto.
graphy and experiment seem to show this 15 not the case (28). .In
aduit hfe the presence of degeneration in the norta adds difficulties,
and irreversible defects in the left ventricle may have developed
Probably the best time is from 10 1o 30 yeors {18), or even younger,
from b to 16 years {28} Thoraeic operations of this magmitude are
better tolerated when young Hyperiension 1s usually not so severs
at earlier ages, the aorta is healthy

Nowadays the immediate results are usually good, perhaps 80%,
and mortahity low, under 59, (24). But it vices o great deal 1
wmuddle hfe  The techmical difficulties may Le considerable, and
depend on the length and extent of the constnietton This can
somettmes be discovered to some extent by the angiocardiogram,
the aorta being injected (2), but the actual stuation can only be
finally appreciated at the time of operation Grafts are often
needed, partieularly in adults, and one should always be avatable
m ease 1L 13 wanted, partienlarly if aneurysms are precent below
‘lhc iﬂ‘g‘m“: {20) 'The blood pressore may be Jowered temnararile

by Anfasnd dia 40 !

bee: . .

the, v wi e pressure 1308 to 2 normal lesel, but noy

F;\rhaps for several weeks or later {22) After 5.7 years in one series
e femoral and brachial pressures were within normal Tanges

The duastolic in the femoral tends to stay below the brachial {22),

lhn 3n0ther senies the brachual diastolic and systolic pressures fel),
ut au\;remnmed abote the average for the age (24) Thys reanlt nf

Tuu.se epends on the nese lumen beng adequate, that is to eay at
east, three-quarters of the normal {20)

1 Bramwell, € 1937, Brir HeartJ 9, 100
Shapro M 5 INO tmer FeartJ 31, 1043

A :px;:.\; él ‘ilmm., \\'Ctx BB 5 thorae Surg 20,136

. 2T C, Wiggers, © 1931 Cur i

5 Refensten, & R el 1943, Amer‘{;:t::.);"zzé Yo

Y
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be preponderance of the right ventricle (8) resulting from the shunt
into the pulmonary circulation.

Course and prognosis, Heart failure may end a fifth of all cases
(8), as a result of high pressure, perhaps aided by aortic reflus;
but many escape it. The norta may rupture in about this number;
cerebral hiemorrhage from a congenital ancurysm may kill one-third
Infoction of the bicuspid aortic valves or of the area of coarctation

Fie 24 Coarctation of aorta.

is not Perhaps quarter live out a normal span of
Iife and die of something else. Thrombosis in an aneurysm at the
site of a partly occluded ductus may oceur.

Patients not uncommonly reach old age without trouble 1f they
pass the thirticth year, even with very high pressures such as
250/150 or more (I2) Sudden strain 1 particularly dangerous
(13). If symptoms occur early, death is likely to occur soon after
the age of thirty (14). But the average do not pass middle age.

PreGyaNcY. It is gencrally agreed that this introduces special
dangers. There is & risk to both mother and feetus (15) While
somo may come through well, probably about half are the worse for
1t (16) Ceesarean scction at term 1s suggested, and resection of the
coarctation later (15). Rupture of the aorta seems not uncommon
here But a patient previously well may emk into fatal failure (17)
Each case must be judged on its ments, but the dangers may be

greater than appear at first
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pulmonary artery to forta for the first few hours; it is gone by the
thg‘i:)“?')m Crose The reason for this js not understood. An
abnormal angle with the aorta, or particularly thin walls have been
suggested  The neuromuscular closure may dep““.d on the presence
of oxygen n the boed, and this depends on breathing, 80 ateleetasis
of the lungs msght play a part. There is a not uncommon assnciation
with eosretation of the norta  Maternal rubella has nothing to do
with 1t The bore of the ductus varies much—from 2-5mm ;
alsoitslength There may be a direct anastomosis in older patients.
The wall may be thm with aneurysmal dilatation The channel
may join the pulmopary artery in either branch or at the bifurcation.
There may be o <hght familial incidence Gurls provide some
70% of cases 1t may be commoner among those bon in the latter
part of the year (4) It occurs more often 1n the first bom.

Clinical diagnosis. In over one-third of newly born babies the
chatactemshic ductns murmur may be heard for a time. Possibly
mild asphyxia mey cause some contraction i the pulmonary
vessely and increased disturbanes wn the pulmonary artery (36).
Later 1 the first year of lfe the typical murmur may be abent:
only a systolic murmur may be audible {2} Sometimes no murmur
13 heard at this age (6) On the other hand the characteristic murmur
of the lesion may be heard already {5) The sound descrived hy
G A Gibson in 1900, “a continuous rushing murmur beginning
after the first sound, and continwmng almost to the next first sound,”
reavhang its loudest about the second, 13 audible The quality varies,
sometimesat s hollow, wsually, 1n a chuld, 1t can be heard at the back
of the left shoulder nsually 1t 13 Jondest Just below the left davicle.
gxa:tdlelts t:\te n};\ﬂmm may be difficult to hear, particularly the
P ol ;: dpa 1sing pressure 1 the pulmonary artery affects the

murmur - Valsalva’s expenment may diminsh this
x';omon Other murmurs may mumic the true Gibson murmur.
h:’:‘f'c:;”ﬁ‘:: ::";:T;}I;“‘r‘:’;‘:ﬂfy melry fistula, a communication
of Valsatvn, 3 Setul b:t ventnele, an aneurysm of the sinus
: Ween a goronary artery and the right

ventricle, or a coronary artero-v
. -venous fistula (39), v la
bronehual or internal mammary artenes, s o g

arteno-venous aneurysm
of the lung, and some ves -

B Ty vascular tumours, an 3
lesians of the aortie valves The large left. RN

tricle grves n hunt here
135) Ths closure of the pu ot o
The second s mnyph;:;nary valves s lond and often palpable

hit The sphttmg may be “reversed”
e plmonary element comung firs (35) Pulsation may be patpable
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PEAR

PATENT DUCTUS ARTERIOSUS

During footal life, before the use of the lungs calls for a full pul-
monary circulation, the blood passing into the pulmonary artery is
carried into the aorta by the ductus arterjosus.

Noraar, CLosurk. Closure of the ductus takes place in two phases
The first is phystological, and due to contraction of the muscular
coat of the ductus; the second i« anatomical and is marked by a
process of obliteration, which starts at the pulmonary end of the
duet and spreads along it () In stillborn babies the ductus i3
uncontracted  Breathing causes coustriction. The contracted
ductus tapers at the aortic end, and is stiffer and less flexible (37)-
The rate at which the proliferation of the intima 1s carried out varies,
probably about half are closed m a month; most are closed by the
second year (2). It has been suggested that kinkng of the canal, or
tractton on it may imitiate the preliminary muscular spasm. It
has been shown that after birth for a few hours the blood in the fect
less well saturated with oxygen than that in the

is sigmficantly
p This suggests that there may be a shunt from

hand, about 5-10%.
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All these festures vary much; this makes them unseliable; the
extent of the shunt and the tume it has been there causo many
differences  The sizo of the ductus s hard to gange, Perhaps the
degeess of pulsation in the pulmonary vessels is most inportant.
Some stress the presence of o very low diastalic pressure and the
diastolic raurmur at the apex {7, 8). This ix probatly doe Io.lho
greatly increased flow from the left auricls inta the left ventricls,
which is dilated, the mutral valve shawing “relative™ stenosis {16y,

‘Heemodynamies, There 2 a higher pressure m the 205 Yhan
the pulmonury avfery as 5 rule, 50 that flow is from the aorta into
the pulmonary artery, unless the pulmonary pressure 1s higher thay
the aortic, It may be that 20-60%, or more of the output from the
Jeft ventriels passes through the ductas into the pulmonary artery
(T1) The volume of the flow will depend on the Aifference m pres.
sures at either end of the Auctus, and on its sizg Adarge shory
ductus girey 2 karge pulmonary Bow and js Iikely to be assoviated
with rneed. pulmonary pressure (31} The output nto the pulenonary
arcalation may be double that into the Teripheral (12) Thy durtys
oy, ™Ay reach over 7 litrey Per minute (17), Ty make good
this lows intg he Palmonary eireulation the output of the Jeft ven.
tricle must be Lroportionately ineresseq The OXygen content pf
the blood 1n the Dimonary artery on cardinc g thetersation may be
over 80% (7} The cardiae cathetor may often pass through the
ductus into the aorta

There i3 3 tendency for the pressure in the
wise, due at firgt 4o the nereased flpy Later
pheral resistance may be increased, when the pressurg in the main
Pulmonary ATEery 13 Iow then the Tesistance 19, of Lourse, low toq,
b e ekt T
valves may heeome mcompe!int (I!;;‘,r} °F 10 enlarge, and tho

Mj i?‘;i‘;ﬁbdi'r‘;’gm I the majonty of agses that survive there
m:;u():a:‘l?mmm n;?)y Mc;r The ch fstic harsh murmur
Quctus shomd ;;;M !re(l;‘ %D than that of the ductus  The
Rer sssossmeny, wity gy FURORRY Valve can Lo dealt with
andine catheter, 5 the right ventreular

Dreswre excecds 10 gy 57 T the card ‘s
ventrcalar stenyy, g @ © caf m(gi:am shu“ze ng;:t
bundle Wory 4 ! > thers may tight
seett The puh‘!’xao;:g ?g;f:L‘;;‘l‘lmmlar )xyp('rtmpl\y ey ako b
With noreg slenos)s the Sefraraty !

Pulmonary astery to
the pulmona £y peri-

murmur can he beard, therp may
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over the large pulmonary artery and some dullness on percussion
may be elicited There may be a thrill if the chest wall is thin. The
beat of the heart is as a rule vigorous or hyperdynamic. A soft
“functional” diastolic murmur may be heard at the apex due to
increased mitral inflow (7). A “snap” in mid-diastole may also be
audible, and a soft systolic at the apex. These disappear after
operation (33). The pulse s full and bounding, of the Corrigan type,

Fic 25. Patent ductus arteriosus

with lively pulsation of the arteries in the neck (7). The mean systolic
pressure 1s usually higher, and the mean dastolic lower than usual
The test of the effect of exerase 1s not really helpful, the fall in the
diastolic pressure must be at least 15 mm of mercury (§) In any
case in children the pressures are apt to be very unstable

RabroLocicaL Frsprses. The most important 1s dilatation of
the pulmonary artery. The pulmonary branches tend to Ve full and
to pulsate freely. The pulsation of the left ventricle may be mcrcn:_cd
and the chamber enlarged  The left auricle may be dilated (Fig 23)

Carpiograd. This is msually normal in the first part of lfe
Occastonally there is predominance of the left ventricle Right-
sided predominance would suggest a complication such as trans
position or pulmonary hypertension
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hypertrophy of the right ventricle and right axis deviation iy reen
1n the cardiogram (18, 20) 3 )
REVERSAL OF THE SuoNT. When the shunt is reversed there is
cyanosss, “differential cyanosis.” The face and arms are less affected
than the feet. This may be present at birth {19), or appear later (.1 b}
The arteriolar resistance 15 raised. The murmur may be deceptive.
1n some cases there 15 no characterisic Chbson murmur (20, 21},
Only & systolic murmur may be audible, due to the flow from
pulmonary artery to sorta {22), o the pubmonary valves may
be mcompetent, and only a loud diastohe murmur, even with &
thofl, be noted (17) 1€ the pressure be raised in the pulmonary
artery the flow from the aorta will enly e m systale, and <o na
dustolic component will be heard The pulmonary hypertension
may appear as a gradual Tice pars passu with the mereased flow,
but 1n some cases it seems to be present from the start (23} Co.the
ather hand, some observers do not consider that the increase in flow

RS -

s

Lussutiauié 11 4L the pulmonary pressure, )
Course and prognosis. Although some patients may survive
past the age of fifty, 1t 1s rare to meet them above the age of forty
Two have been recorded over seventy and one over etghty (35'1
There was no thickeming of the arterioles in the lungs (23) In
about half the patients heart failure comes on, and m a quarter
bactenial mfeetion of the ductus develops ‘The infection starts at
the pulmonary end of the ductus, and may arse where the stream
imyinges ont the wall of the pulmonary artery oppostte From hers
fl:e 1:xfefhon may spread down to the valves Jna vere fawr “wviae

Ihe Gibson murmyr

+q wunL Lhe Borta (28)
lesions as already not:

Tay be simulated by th
o e mulat ‘() ! ore due to other
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also be an early nortic diastolic murmur, The systolic murmur has
the characteristic “diamond pattern” in the phonocardiogram (£0)
and its quality is different to the ear from that of the ductus. The
carotid pulse tracing shows delayed ejection (40). ’

Ventricwlar septal defcet may be suspected from the presence of
the murmur, but diagnosis will be difficult and confirmation by
catheter needed. It would seem to be a serious combination.
Certainly the ductus should be closed.

Coaretation may cause interesting results. What happens depends
on whether the ductus opens above or below the constriction of the
aorta. If the opening is above the coarctation the shunt wall be, as
usual, from aorta to pulmonary artery. If below, then the pulmonary
pressure may be lgher, and the shunt will be from “right to Jeft.”
In these circumstances the Jower part of the body wll be eyanosed,
so that there is a remarkable contrast between the hands and the
feet. In the former, with the ductus above, the operation 14 easy;
otherwise it may be very difficult (13). In any case, the ductus
should not be ligated if it is below the constrietion. In the non-
cyanotie cases the probabihty of severe pulmonary hypertension
developing is strong (74) In these eases the murmur may be
systolic only and the diagnows may be very difficult (15) Uncom-
plicated pulmonary stenosis would be no reason for leaving the
ductus If there were eyanosts hosever 1t should not be touched
True mitral stenosis may be found The murmur may be atypica),
but eare must be taken to excinde the fanchonal munmur caused
by the increased flow through the mitral valve, If mitral stenosis is
there, ligation should not be done, for the ductus may be a useful
safety valve (13)

-PuLsoNary HYPERTENsION In some cases there is a high pres-
sure in the pulmonary circulation, as in atrial and ventricnlar
septal defects, hyperkmetic in origin.  This may reach 100 mm Hg
and more, so that later on the pressure in the pulmonary artery may
exceed the aortic with the result that the shunt is reversed, The canse
in these eases of this rise in pressure is obscure. 1t would appear to be
initiated by contraction of the muscular coats of the pulmonary
arterioles (76) Thia spasm can be relaxed by acetyl eholine {17),
and m any case the pressure may vary considerably in one person

from moment to montent
Tt would appear that later on there 13 hypertrophy of the muscular
T - COTRRPPN



ProGEOSES AND DIAGNOSIS (i

hypertrophy of the nght ventnele and right axis deviation is seen
1n the cardiogram (18, 20), ) .
REVERSAL oF THE SHUST. When the shunt s reversed there i
cyanous, “differential cyanosis.” Theface and arms ave less affected
than the feet This may be present at barth {19), or appest Tater {18)
The arteriolar resistance is raised. The murmur may be deceptive
In some cases there is no characterisic Gibson murmur {20, 20,
Only a systohe murmur may be audible, due to the flow from
pulmonary artery to aorta (22), or the pulmonary \‘n\\'eﬂ.um_\'
be incompetent, and only a loud dstolic murmur, even with a
thrdl, be noted (I7) If the pressure be raised 1n the pulmonary
artery the flow from the aorta will only be 1 systole, and 56 no
diastolic component will be heard The pulmonary hypertension
may appear as & gradual mise pars passu with the increased flow,
but 1n same cases it seems to be present from the start (23} On the

other hand, some observers do not consider that the increase in flow
Lo -

pual 1> LiaL when the shunt 1s reversed 1t is better not to ligate the
ductus (20, 22, 24)  But 1f higation 1s done earher there may be 4
considerable fall . the pulmonary pressure

Course and prognosis. Although some patients may survive
past the age of fifty, 1t 1 rare to meet them above the age of forty
Two have been recorded over seventy and one over eighty (33)
There was np thickeming of the avtemoles in the lungs (25). In
:xbo:n h‘alf the patients heart failure comes on and 'n a quarter

on statts at
> the stream

From here

ey optia dosntothe valves  In o very few mstances

the ductus may elase spo; i

ntaneously m middls 1k
Differential diagnosis. . Ve

In most cases the diagnows 1s easy. It
will be more difficult 1 the shunt 53 reversed forglnhe mnrm"i e
atevical Foll amtee o g

Lhe Gibson -M;T’u\ull 118 nortn {28}
ot murmur may be wmulated by those due

le_s:ims as already noted such aa tamma § el o :‘r'h:rr\

onary

. porsa
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complicated ventricular._septal defect or even by large internal
mammary arteries  Venous hums may mimic the murmur (29),
A continuous murmur was heard in a complex case with stenosis of
the right pulmonary artery and also ventnicular and auricular septal
defects (32). The presence of arterial blood on the right side of the
heart will be revealed in these cases. The site of the shunt may be
indicated by the chamber in which it js first detected. But if the
pulmonary valves are incompetent the diagnosis may be very difficult.
Ligation of the ductus arteriosus. The general consensus of
opinion is that the ductus should be ligated in chuldhood. The result
may be that the raised pressure in the pulmonary artery, if present,
may fall, But if the pulmonary hypertension is associated with
irreversiblo thickening of the pul y arterioles, ligation can do
no good. This is hkely to be the situation when there is established
reversal of the shunt. The arteriolar resistance is rased but not the
“wedge” pressure The vascularity of the lungs s decreased,
the cardiogram shows severe right side predominance In border-line
cases with nearly balanced pressures in the pnlmonary artery and
the aorta, the ductus may be clamped at operation, and the effect
on the pressure in the pulmonary artery observed, If 1t rises higation
should not be done (34). After ligation enlargement of the heart
disappears and the beat becomes queter. The enlarged primonary
artery will slowly decrease m size. The typical Gibson murmur will
dwsappear, hut for a time a systolic murmur from the dilated pul-
monary artery will remain  While some children seem to be but
little affected by the patent ductus, others are weedy, ill-grown and
somewhat backward. In these one can always eount on mmprove-
ment which 15 often dramatie, The risk of the operation is minimal,
under 1%, as a rule, nowadays. Recanalisation has been reported,
but is rarely noted nowadays It will be impossible if the ductus 13
divided between ligatures, but this is technically a more difficult
procedure. If the ductus 1s infected operation should be carricd
out as soon as passible after a course of penteillin, wiuch need only
be short The presence of cardiac enlargement mdicates operation
without delay, the apical diastohe murmur probably shows a large
flow through the ductus which should certainly be tied (26) The
TS e tabo hane fannd 4o he Yyoh, for the mtral

-elatrvely stenosed.

1. Heim de Balsae, R, Trauté des Cardiopathies Congénitales, Paris, 1954

. 497.
o Rewn B Herchraniheuen im Sdughingsalter, Stuttgart, 1954 p 182
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ABNORMALITIES OF THE CORONARY ARTERIES
The coronary arteries statt to devel

. clop about the end of the

F‘:zcl):\: week of feeta) Ufe, before the truncus arteriosas 18 Qvsded

il e spiral septum  If, nhen the truncus 1s divided into the

ge znfx::?; :;\‘e‘ly and aorta, the buds forming the coronary arteries

— nrtery.m septum, they will be found to arise from the pul-
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Anomalies of the ostia are more conumon than those of distribu-
tion. The former are usually assoeiated with other defects (7)

The left coronary artery is more often misplaced, and may arise
from the pulmonary artery. The supply of venous blood canses
degeneration and fibrosis and calcification in the myocardium (7).
Considerable enlargement of the heart, with gallop rhythm, may
resnit. The cardiogram may be abnormal, both m QRS and T
waves A transmural infarct has been found in the front of the left
ventniele in such a case at the age of three months (2). This lesion
was shown by the cardiogram In another case of about the same
age there were attacks of pain, sweating and breathlessness (3)
The conelusion 1s that the supply of venous blood at low pressure
causes the ischemic lesions in the muscle (4). Patients with this
defect do not live long.

While ill effects result from the origin of the left coronary artery
from the pulmonary artery if the collateral circulation is not good,
the results in other cases may not be so unfavourable The origin
of the right coronary artery from the pulmonary artery is not
incompatible with health and survival

A smgle coronary artery may anse from the aorta. This may be
either the left or the nght In one case, for example, the night
supphed most of the heart, with a small branch round the front of
the pulmonary artery to the left (5) This abnormality m 1tself does
not matter If there are no other defects the person is no worse for
it, and may reach old age Perbaps later on the development of
coronary disease may have more serious consequences, as in the case
of Dr Thomas Arnold, of Rugby, described by Latham many years
ago, m Ius “Lectures on the Heart ”*

Absence of the left coronary artery seems to be associated with
much ischaemic disease in the muscle, and infarction, if 1t does oceur,
is extensive (£).

Actually these abnorma) coronary arteries are not parttcularly
prone to develop sclerosis and lead to mfarction later jn hfe (7)
Arterio-venous fistula may be associated with an anomalous coronary
artery. It may show m an angiogram. Aortography is rather nisky
A continuous murmur 1s heard Jow down over the priecorditm,
yather variable 1n position, Cardiac pam may be feit (8}

1. Kaunitz, P. E. 1947, Amer, Heart J. 33, 182

2. Dagonet, Y, 1952 drch Mal Caur, 43,7

3. Ficher, H., Lloyd, O C. 1951. Bru. HeartJ 13, 406.
4 Soloff, L. A 1842 dmer. Heart J. 23,118,

5. Smuth, J. C. 1950, Cwrculation, 1, 1169



DEXTROCARDIA 81
6. Roberts, J. T, Loube, § D, 1957, Amer, Heart J, 34, 18%

7 Alesander, R, W, Griffith, G €. 1936. L'l:vulal:o,l. 14, ROO.
% Stewberg, Loetal 1958 Circulation, 17,372

/DENTROCARDIA

The heart lies on the Tight side of the chest, with the apex at the
nght Stuctly speaking, the word should not be nsed for cases in
which the heart 13 displaced to the right because of pulmonary
isease or elevation of the left half of the diaphragm These types
are better deseribed as displacerents.

The abnormality must arise very early m fcetal hfe. Cochayne
considers that transposition is due to the formation of a sinistral
mstead of » dextral spiral an the viscera {1). Complete transpostion
of the viscera 1s inherited as a recessive charneter, and js determined
by a single autosomal gene

There are two varieties,

Dextrocardia with transposition of the viscera (situs
riversus tatalis). Here the heart is entirely reversed, the “mirror
ttuage” heart In this case the artenal ventnele still forms the apex
of the heart, but points to the ngl

i

ht Thisis the commoner vanety
The elect d 18 tenstic  Tead 1 13 completely
inverted (murror 1mage), all the deflections pomnting downward
YA Tl andlaad T amptune 8 = & = .

wvaseosasuia  Syuel Gther congenital defects are present this
typreal cunve may be modsfied {2)  The impostanee of the direction
of P 1 lead I 1 great, 1t 13 the onc quite rehable sign when it 1
clearly negative (3)

The skuagram 13 & murror preture The stomach h
03 to t
and the ber to the left * e to the nieht,

A‘:\gma pectons has been deseribed in dextroeardia with radiation
?i the pan tothe nght arm - A similar distrsbatian of tha vas

nma;

. e uuaretion
* “La natiea o

was the actour
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smnilar findings are scen.  Cyanotic heart disease is not uncommeon
in situs tnversus totalis (4).

Clinically, this form of dextrocardia, when there are no other
lesions, causes no disability.

Isolated, uncomplicated dextrocardia, without transposi-
tion of the viscera. (a) The arrangement is the same as in total
transposition of the viscera with inversion of the heart chambers;
the arterial ventricle lying behind and to the right, and the venous
in front and to the left. The cardiogram shows the usual “mirror
image.” The aorta may be right.sided, The abnormality is of no
importance in itself if there are no other abnormalities But, in
fact, in isolated dextrocardia they are usual, causing cyanosis;
then the condition is said to be “complicated” ().

(b) Heart chambers not inverted Here also, cyanotic lesions are
common. The condition is rare. The venous ventricle, lying behind,
forms the apex of the heart, and the arterial ventricle ltes in front
No “mirror image” 13 therefore present. The abnormality probably
rises fater in intrauterine life than the other,

Actually two types are possible. (a) The venous atrium 1s on
the right as usual. The superior vena cava may be found on both
sides. The P wave s positive in standard lead I (5, 6) The arterial
ventricle is mainly to the right and belund, and the venous to the
left. If the heart lies vertically, the arterjal ventricle may be lower
and the venous mainly above and to the right (6) (b) If the heart
is actually transposed, the superior vena eava and venous atrium
will be on the Jeft and the P wave in lead I negative (5). Septal
defects aro common here,

An additional help m differentiating these cases 15 the cardiac
catheter (7). This can be better carried out from the right arm

Lmevocardia. Isolated inversion of the abdemnal viscera may
be associated with congenital cardiac defects, both atrial and ven-
tricular (5) These are usually multiple and bizarre, so that diagnosis
is difficult (8). The venous atrium and the superior vena cava may
be transposed with the abd 1 viscera. In standard lead I the
P wave will then be negative. More rarely the venous atrium and
venm cavi are on the proper side, and P 15 then positive

There may bo transposition of the aorta and pulmonary artery,
and abnormalities of the great veins as already mentioned Then
there will be pulmonary plethora. Otherwise there 1s a tendency to
inadequate flow of blood to the lungs, for which a Bilalock opemtfon
might be mdicated, but there may be serious technieal difficuities,
and mortality may well be high (8).
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ARTERIO-VENOUS ANEURYSM OF THE LUNG

Tumours form 10 the lungs m which there is a mass of vessels with
free commumeabion between those denived from the pulmonary
arteries and those fom the puimonary veins They vary o good
desl 1 awze, and may be a9 large a3 an orange. For the most part
they are in the middle or lower lobes (I}

Clinical features. Cyanoss may not be present at first (3)
but increases ence 1t has appeared  The arterial oxygen saturation
may be as low as 60% (f] There are the nsual assoclated abnor.
malities such a3 clubbing of the fingers and toes and polycythemia
Dyspneea becomes severe  Cough 13 frequent, and there may e
haemoptysis  Sewzures of cerebral orign are common, and so is
famting  Sometimes there are no symptoms at all (2],

In some balf of the eases murmurs, continuous, of the Gibson
type or sometimes only systolic, are heard over the lungs (4}. Oa
foreed expiration the murmur becomes softer and shorter. Inspira-
ton mereases 1t {2). The right ventricle of the heart may be en.
larged, there aze no actual cardiac murmurs (3),

"fhe output of the heary may be increased: thers 1s 2 rea 1 412

‘The card may sh
5 Yy show prey of the right ventriel
In most recorded cases there are cutaneous ) vl
Vaseulay

telangiectases as well
At ar tumours of 1he thoreete wall mav mvné\ . N

iy Ulese tre,
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Failing that relief, once symptoms come on, the danger lies in
1 'y infection, h ptysis and heart failure.

=

Muri, J. W. 1955 Amer. J. Surg. 89, 265
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Pomwm

Idiopathic dilatation of the pulmonary artery. Thisis a very
rare congenital abnormality when it occurs alone, Insimple valvular
pulmonary stenosts; atrial septal defect; patent ductus and ven-
tricular septal defect where the flow 1s increased, and the pressure
may be raised, it is usual to find varymg degrees of enlargement

In the 1diopathic type the whole pulmonary tree may be dilated
and the aorta hypoplastic. The whole of one branch and jts own
branches may be huge and pulsate freely on the screen, particularly
if the pulmonary valves are incompetent (1). In these eases there is
a loud systolic murmur and thrill in the pulmonary area. The closure
of the pulmonary valves 1s loud and palpable The valves may be
incompetent. The right ventricle will then be enlarged Sometimes
there 13 no pulsation and the peripheral lung fields are normal. A
clicking sound may be heard over the artery early in diastole (2)
The skiagram will show the large artery The cardiogram will be
normal and so will the pressures in the right ventricle, unless there is
pulmonary mcompetence (3, 4) The valves may be bicuspid. The
artery being very thin may rupture Its diameter may be from
40-50 mm  There are no symptoms, unless the pulmonary valves
are incompetent. Pressure on the bronch: may lead to infection

1. Kaplan, B M. ef al. 1953, J. Lab clin Med 41, 697
2, Leatham, A., Vogelpoel, L. 1954 Brut HeartJ, 6, 21
3. Goetz, R. H, Nellen, M. 1953 5 Afr. med J. 27, 360.
4 van Buchem, F. S. P. et al 1055 Dus. Chest 28, 326

Aortic origin of right pulmonary artery. The normal
pulmonary artery on this side may be wanting. The anomalous
vessel anises from the aortic arch. Thus does not affect the function
of that lung. The defect may be found by angiocardiography
There are no particular physical signs. A patent ductus 1s fre-
quently an associated lesion (I) Cyanosis may be present 1f
associated right to left shunts are present (2)

1. Caro, C. ef al. 1957, Brit. Heart J. 19, 345.
2. Muer, H. C. 1954, J. thorac. Surg 28, 145,
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STENOSIS OF THE PULMONARY ARTERY

1 may appear alone, or with other defects such as \'r\l\’u.l:\r
p\:fson:\ﬂr_\‘)ﬂe}l”l‘;sls (1) The defect has been Yikened to coarstation
of the pulmonary artery {2} Sometimes a branch only is stenosed,
or there may be multiple constricted areas, A systolic murmur .nml
thrill are the signs, but cannot bo distinguished {rom other lesions
causing such signs without the help of the cardiag c.:nthctcr |.m.d
angiocardiogeam It might be tmportant to diagnose this lesion if it
were present, mith pulmonary stevosis as well, for it might ewcape
the surgeon’s attention, The cardiac catheter will show the presence
of a sndden re 10 pressure as 1t is pulled from the periphery of the
tang Ak ta this 18 umlateral obscure hypoplasia of the main
branch which may be absent enturely.

Absence of marn branch  On one side, usually the left, but ocea.
stomally the nght, the main branch may be missing altogether (3).
The chest 15 rather smaller on the affected side, for the lung 1
srraller Thesloagram may show a lesser translucency or may sppear
deficient m vescels (f) The blood supply comes from Lronchial
arteries and anomalons vessels Thislung, of course, plays practically
no part ta the oxygen exchange Although handling 379 of the
mspired air it may only be responsible for 6%, of the uptake of
otygen {3) The pressures m the pulmonary artery aro normal at
rest, but rise excessively on exercise  The nght ventricle is not en.
largedevenatsixty years Patientsare liabletocough and hemoptyss
) While the abnormality sn itself i not semous it may be im.
portant if extensive operation on the sound side 13 contemplated

Other defects are found as well, such 23 the Tetratogy of Faliot and
nght-sided nortic arch {6

Widbams, € B etal 1957 Cirewlation, 19, 195

Loles, § B Walker, W J 1956 dmer Heartd 52, 409

Madet UM etal 1952 New Eng J Med 247,139

Elder 3 € etat 1958 Curenlation, 17, 557

Smart, I, Pattsnson, § N 1950 Brat med J. ), 402

& McKim, J S, Wigglemorth, F W 1954 Amer HeartJ 43, 845,
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CONGENITAL HEART BLOCK

e“i\m:d (tl\e £fth week of fietal Tife the antemor and posterior
o :’lﬁ: ‘m lcu«h\m\s fuse to form the atno-ventneular canal
k Atridl ning develops the musele of the aunicle and ventricle 18
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separated except for the fibres which become the bundle of His.
The bundle may be interrupted by fibrous tissue in this process
Actually, the septum is completed at the eighth week, and the hole,
if present, will be anterior to the membranous pait; hence maost
cases of patent septum are seen without heart block, But it has been
noted that when the membranous part is affected there may be
heart block, for the bundle lies near. Probably the important point
is involvement of the upper part of the bundle or node in excessive
fibrosis. Atrial septal defoct may be present as well.

Clinically, these cases may easily escape diagnosis for the ventricu-
lar rate is often over 80. The lesion has been diagnosed jin utero by
means of sound records. The blood pressure may be rather high.
Theroe may be a fair degree of acceleration on exercise. Atropine may
cause a considerable mncrease in rate. Adrenalin may not accelerate
the heart, but the rate may riso with fever. In this case there was
congenital dextrocardia  Stokes-Adams attacks are rare, but
syncopal attacks m chiidhood should arouse suspicions of the
condition. The patients are not likely to die suddenly, and they
have very fair capacity for exertion (I). Isolated congenital heart
block is no bar to pregnaney.

The prognosis appears to be very good if no other lesions are
present. Other lesions are added abnormalities, and do not cause
the block; they are really parallel disturbances (1) The association
with ventricular septal defect is to some degree true, but not so close
as has been stated in the past

1. Campbell, M, Thorne, M G 1956, Brit HeartJ 18, 90.

ENDOCARDIAL FIBROELASTOSIS

As these cases appear very early in infancy, and have been noted
among the newborn, it 1s rght to class them as congenutal, though
some are found Inter on 1n hife (see p 162) The mncidence is equal in
girls and boys (7}

Morbid anatomy. There 1s a remarkable white thickening of
the endocardium This i< due to overgrowth of fibrous tissue and
elastic tissue, collagen fibres are profuse There is no true wflam-
matory reaction. The fibrous bands may spread among the rr}uscle
fibres adjacent and these may appear atrophic The distribution of
the fibroelastosis varies a good deal. The thickness may be several
millimetres. There may be a Jittle calcification The inner wall of the
Ieft ventricle is mainly affected in almost all cases (3), but the right
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y be affected as well. In many cases, perbaps 30-50%, (2), the
ives are abnormal too. The mitral and tnicuspid are more cmln-
mly attacked than the aortie; but these may not .e'u‘np,c. The
Ives become thick and show myxomatous degeneration (2). The
ord® tendinere and papillary muscles may be thick and fused (1),
that the valve may be severely stenosed There is some doubt a3
the nature of the valvular lesion, for here no clastic tissuc appears.
ms thick fibrous sheet seems to interfere with the filhng and
nptyng of the ventricles, particularly checking qmstolo ).
ccasionally the auncle 1s affected too  Mural thrombosis may occur
nd give nise to embolism (5)

~nwbenrn

. . i
an be excluded, nor does 1t appear to be a collagen diseaso for the
nyocardium itself 13 hittle mvoived (6). Actually it has been
pomted out that the process of fibroelastosis closes the ductus
artenosus and the mammary and uterine arteries The most
feasible suggestion 13 that anoxia may be the cause (2, 7). Thero

s neralanman

1t were & general disease (§)  But no explanation s adequate so far,

The diffuse endo-myocardial fibrosis of adults, and the somewhat
simular disease seen n Afnicans has a different histology (see p. 162},
the disease of infants 1s a defiite type (9) Other cases suggest that
the mfantile type may survive to adolescence {10)

Clinical features. The symptoms are indefinte They depend
on the age There may be fatigue, dyspneea and tachycardia (11)
The enlargement becomes very obvious and the outhne of the heart
15 globular  Murmurs vary a good deal Probably they are present
1n about 20-30%, of cases (3, 17) The cardiograms vary, sometimes
they ate normal (11} or there may be curves of the bundle branch
Hlonk drmn am ahmmmmead M T 41 1 N )

been found Possibly cortisone might b : 1| i
o agat v o ight be useful Digutalis has hittle

1 Pror, 3 T, Tyser, € W 1950

1 Pror, 3 T, Tyser, Amer.J. Path 2, 969,

3 Nempton, 3.3, Glynn, L. E, 1035 Quart J Aed 24, 100
ennis, 3 L &0 ol 1953 Pecuatns, 12, 130, '

1 Lewis, K € 1951 . Pedwatrics, 39, 693.
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ANOMALOUS THORACIC VEINS. PULMONARY
AND CAVAL

The vems draining the Jungs may present several anomalies of
development; and these vary a good deal in their clinical import-
ance. The venwe cave also may be abnormal

Embryology. GrEar VEINs. In the ordmary course of growth
the part of the left precardinal vein caudal to the innominate vein
disappears, rematning only as the ligament of Marshall The coronary
sinus and the oblique vein of Marshall represent the left part of the
sinus venosus I the left precardinal vein persists, it will appearasa
left superior vena cava dramng the innominate, jugular and sub-
clavian veins on the left side, and entering the right atrium at the
coronary smus through the duet of Cuvier. If the right superior
vena cava is missing the nght mnominate vein will jom those on the
left. A sole persistent left superior vena cava may persist without
one on the right side (7). The pulmonary veins may fail to develop
normally so that all or some of them may run into the right atrium
or superior vena cava Normally the common pulmonary vein
disappears, and the four branches enter the left atrium, if the
pulmonary fold 1s formed defectively, their relationship to the
developing septum becomes anomalous (13).

To sum up, the pulmonary veins may all run directly into the
right atrim, ot only those from the right lung. They may drain into
the coronary smus, or into a left supertor vena cava which crosses to
join the innomnate vemn, night superior vena cava and so into the
right atrium.

Tt 1s important to remember that if all the pulmonary veins
drain into the right atrium, the atrial septum must remain patent
and the shunt will be from right to left The size of this defect wall
be mnportant The left atrium will be small (2) The complete
transposition of pulmonary veins to the night side 1s more serious
than the partial (3) Tho transposition of one vem is not important

(13). Theright pulmonary vems are more usually affected when there

is partial transposition.
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Parrian TranspostTioN oF VEINS, It not uncommon to
that one ot both of the vems from the right lung dram mt'“l the
right atnum  Perhaps one-half of the cases are nssoclrged “c“r:“l:\:
stnal septal defect (13) The vein is Tikely to be found on ca o
cathetensation when the cotheter may enter the vein {14). The
blood 1n the nght atrum will be highly ovygenated in contrast to
that m the vene cave If the right pulmonary veins enter the
supenor vena ¢ava the highly oxygenated blood will be found there.
The atrial septal defect 13 high, and there is likely tobe & small shunt
through 1t to the left ateium from the superior 1ena cava, but not
from the mfenor {19) The vein may be revealed in the angio-
eardiograna {9) No symptoms are hikely to arise from a single
anomalous vein (12, J4), and the ontlook 1s geod  1f the abnormal
dranage affects at least one lung there may be adverse cffects (13)
The output of the nght ventricle 13 increased and the right side
enfarged In some mstances pulmonary hypertension has developed.
Tn afmost all respects the cases resemble those with atrial septal
defect, Tor the efects of the Yewion are, in Iacy, in cavsing & Yeft to
tight shunt a3 artenal biood enters the right side 1f thero is an
attral septai defect as well the results will bo worse A mngle anoma-
lons vein need not be treated surgically, unless o defect mn the atrial
septum 12 also bemng closed at the same time,

CoxeeTe TRANSPOSTTION These patientsare stunted and weakly,
and eauly become breathless. They are kable to pulmonary infec-
tion, and are apt to be cyanosed The nght atrum and ventnele
areenlarged  There must be a defect 1n the atrial septum, and this s
usually postenor (13) Most of the blood witl fiow wp the pukmonary
artery, which pulsates freely, and there 13 pulmonary plethora (5)
There s usually a systolic murmur over the pulmonary artery (8, 11);
Yhe sound of the closure of the pulmonary valve it loud and the
second sounds at the base are double (7} The cardtogram shows

hypertrophy of the nght ventnicle, with cutves indicating delayerl
activation of 1ts surface

{right bundle branch block) (6, 7, 11)
'FLl\ire may be atnal fibrillation, In fact the featurea ave very much

the blood

Lau 1 the blood w the primaniy

»ove wweulitlioll Of the blood . the right ventmele, paimonary
nn';{‘y and systemic arteries may Lo the sngme 12 {Fig ‘gﬂ) N
® angiocardiogram may show a Jet of blood interfering with the
opaaty of the shadow of the right aunele (1)
In the coure of time

there may be Puimonary hypertension
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ANOMALOUS THORACIC VEINS. PULMONARY
AND CAVAL

The veins draining the lungs may present several anomalies of
development; and these vary a good deal in their climeal import-
ance The venw cavee also may be abnormal.

Embryology. Great VEINS. In the ordinary course of growth
the part of the left precardinal vein caudal to the innominate vein
disappears, remaining only as the lignment of Marshall The coronary
sinus and the oblique vem of Marshall represent the left part of the
sinus venosus  If the left precardinal vein persists, it will appear asa
left superior vena cava draining the inmommnate, yugular and sub-
clavian veins on tho left side, and entering the right atrium at the
coronary sinus through the duct of Cuvier If the right superior
vena cava 18 nussing the right innominate vem wail join those on the
left. A solo persistent left superior vena cava may persist without
one on the nght side (1) The pulinonary veins may fail to develop
normally so that all or some of them may run into the right atrium
or superior vena cava. Normally the common pulmonary vein
drsappears, and the four branches enter the left atrium, if the
pulmonary fold 1s formed defectively, thewr relationslup fo the
developing septum L Tous (13).

To sum np, the pulmonary veins may all run directly mto the
right atrrum, or only those from the right lung  They may drain into
the coronary sinus, or mto a left superior vena cava which crosses to
join the innominate vein, rght superior vena cava and so into the

right atrium .
It 13 important to remember that 1if all the pulmonary veins

dram into the right atrium, the atral septum must remain patent
and the shunt will be from right to left  The size of this defect will
be important. The left atrium will be small (2) The complete
transposition of pulmonary vems to the right side is more serious
than the partial (3) Tho transposition of one vein 13 not important
(13) 'Theright pulmonary veinsare niore usually affected when there

1 partial transposition.
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Fio 27 Porsistent left supersor vens cas s draming pulmonary
tems Note cap formed by dilated SV € surroundunp sortic
Emuckle

huge venous arch give the charactenstics peculiar to the condition
The venous dramage m its effects 1s simular to that already described
for the rght auricle, except that the cardiac catheter shows the
Pressure of highly oxygenated Mood in the superior vena cava, aud
of coutse in the right anricle, but normal i the mfertor vena cava
The X-ray appenrances are typical The heart shadow 13 mote o
fees entarged and there is pulmonary plethora  The oval shadow o
the abnormal vens eava is scen aliove that of the heart  Its denaity
isYes- and the aorta and pulmonary artery show through it, and then
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Cyanosis, of central type, increases. Fatal heart_failure comes on
rapidly (13), in middle life or earlier.

Persistent left superior vena cava. If there is no other
abnormality this usually opens through the duet of Cuvier into the
coronary sinus. The right superior vena cava drains into the right

F16 26. Catheter i anomalous pulmonary tem drammng
mto right atrium.

atrium as usual. This abnormality 15 of ne importance Tt may be
in the way during operations on the heart.

The catheter passes easily into the mght atrum, through the
duct of Cuvier, but it cannot be made to take the acute angle
required to enter the right ventricle The. right.arm may prove
more easy, but here there may be difficulty in getting 1t to take the
bend into the mght superior vena cava Sometimes 1t may be
necessary to use the femoral vein (10)




CHAPTER 2

T{ONS OF THE HEART, AORTA AND
TNERGTY PERICARDIAL SAC

T ths chapter 1t 18 convement to cousider together \'m"mn? su‘u]f-cts'
which are usually discussed separately  Ther atiology i+ mainly
concemed with infection, sud anatomically the heast valies ate
usually affected  Pencarditisis considered here because some aspects
of theumatic pericarditis are simlar to those of other ongm In-
fections which mamly damage the myocardium are dealt within the
next chapter

RUEUMATIC CARDITIS

Rheumatic carditis is the most wmportant manestation of
rheumatic fever Chronic earditis is the only serious sequel of the
dwease, 23 its other are gell.hmiting and ¢ ble.

It 13 dufficult to define cause when host reactivity plays an im.
portant part 1 the disease process, but all recent work has confirmed
that wdection with the group A hamolytic streptocoecus 13 the
preaprtatimg factor (1) It 18 probable that the disease process is
independent, of the survival of streptococer, however, it has been
established that even when antibiotie therapy is delayed for mne
days after the acute infection, the medence of rheumatie fever 13
sharply reduced (2) The consensus of opimon 13, 1n any case, that
sms, st of antvgrneashibady tenttien 1 wdhsed, amd thnd Abe
streptococcus, or some part of 1t, 13 the antigen

The ultimate extent and degree of cardiac damage 13 1 large
measure positively related to the duration, seventy and namber of
rerurrences or exacerbation of attacks

There 1s no evidence of
mmunty to the rheumatic reaction prosoked by streptococeal

wfection, 1f anything there 15 an inereased susteptibibty to the
reaction onee 1t has been expenienced It 1s clear that prevention of
Teeulrent streptoroccal nfection 13 important m provention of
vlumate valve searnng and it has heen cleatly shown, largely in
the Uruted States, that this may be achieved by the prophylactic
use of pemeallin for sulphy de) The mean rate of
theumatic attacks was almast five times as great sn an unprotected

o3



92 CoNGENITAL CARDIAC DgrreTs

is & narrowness between it and the shadow of the heart below as a
rule (1, 3, 5, 15) This double shadow has been likened to a “figure
of eight,” a “dumb bell” and o “cottage loaf,” so it must be said to
vary somewhat (Fig. 27). Angiocardiography is of Little value, as
the material becomes so rapidly dilated. The possibility of surgical
correction of this abnormality is very small The left auricle is
usually underdeveloped, and the vein 1s very large with thin walls.

Other variations also occur. Not all the pulmonary veins may
enter this persistent superior vena cava In this ease the appearances
aro less striking (1) The pulmonary veins may enter the nght
superior vena cava, or the inferror vena cava, or even the portal
vein. In these circumstances there is a right to left shunt through
the atrial septum: the pulmonary artery is large and so 1s the hiver.
The left auricle and ventricle are small (Z6). In another case the
heart was trilocular and there were other defects, such as a patent
ductus (17)

Sometimes the coronary sinus may receive the pulmonary veins
{11) The left superior vena cava may drain mto the left auricle.
There will then be a large defect in the atrial septum In spite of this
the abnormality does not seem to be important It may be more
convenient to use the right arm for the eardiac catheter 1n these
circumstances.
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i he
7 mitral diactolie munnnr is often poft amd follows ¢!
(g\;\"st'o\:;}l‘:a\ fhurd beart sound 3 1 3 low pitehed and nf\e}\ short
IS
mjvyr;\sg ealvuditis is recoguused by finding an carly dastolic mu’rv‘m\:
at the left sternal edge The systolic murmur of aortic \:al'\ u.mf
cantot be distingwished with certainty n She vast_majority ©
cases {rom an mnocent ejection murmur {Fig. 28) Severe l\m’\\\’f
p or mitral P may deselop in a (ot attack
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Tt rarely produces mueh enlargement before six to eight weeks of
continuous activity, so that eardiac enfargement must be considered
a relatively Yate mign.
sk o1 -
Bot-
on
pu
10 foa sou wille vrRaycardia, une
related to salicylates, at same period of the first five weeks in
hospital and 115, of these developed persistent valvuhtis (8)
Pencardins shown by patn, friction or effusion 13 certain evidence
of carditss, but thiy enly oecurs n some 10-15% of all cases The
finding of dry pericardites wdicates eardatis by 1t 19 & relatively
po feature P with the d of effusion
(9) which may appear at any time from the first week onwards
A raried venous pressure and 1gns at the lung bases pointing to the
development of effusion may precede Xoray evidence The Jung
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control group as in protected ones over a five-year period (3) A
report of the Rheumatic Fever Committee of the Royal College of
Physicians (£) recommends that any child with rheumatic fever
should be—gi\'mwicilliﬂg,ﬁve years, or until leaving school,
whichever is the longer, any patient who has had rheumatic fever
should receive penicillin when there is special risk, i e. on entering
hospital or any semi-closed communty such as an army eamp, ete
Oral penicillin (erystalline G) 200,000 units twice duly, or (penicillin
V) 120 mg, twice daily is effective, but even when carried out
conseientiously infection 13 still possible. A single injection of
benzathme pemcillin G (1,200,000 units) per month 1s also recom-
mended as adequate protection Over 2000 airmen exposed
to streptococeal infection were given 100,000 units of benzathine
pemeilln; this procedure resulted in o prompt sigmficant decrease m
streptococcal disease and protection lasted for twenty-five days (3)
A definite streptococeal infection in any patient at risk to further
rheumatic fover should be treated as a matter of urgency with
bacterieidal antibiotic therapy.

Clinical Features of Rheumatic Carditis

These are well known, but work during the last decade has shown
that less rehiance should be placed on some signs, whilst others
deserve more emphasis espectally in an early diagnosis of first
attacks. Apart from the lustory and evidence of arthropathy,
erythema marginatum and nodules are confirmatory evidence of
the presence of the rheumatic state  Nodules do not appear before
the fifth week of activity.

The best evidence of early carditis is provided by auscultation
(6, 7). In the majority of cases the diagnosis of carditis 13 made by
finding significant murmurs which indicate valvulitis; the only
exceptions are those few patients whose sole evidence of heart in-
volvement is pericarditis or a prolongation of the P-R interval
(7%). Murmurs of valvulitis may appear withm 24 hours of the
onset of the disease; they are often very soft and localised, some-
times disappearing during the course of the attack, but their
presence always indicates that the heart is affected.

itral valvulitis is recognised by finding either n systolie or

diastolie murmur or both  The systohc murmur is rather high
T D R A L 1)

FITVATRRVAVEPIIEN . . C . -
sternal edge or over the pulmonary, artery in almost every child
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The P-R intersal is prolonged in 30% \n(m": thestart of (n‘“([me‘;}t
(17, end 1m o smaller propartion the clinical counterpart of this
chm;geva softening of the first heart sound 1 dletectable. Rarely
complete A.V dissociation is seen (15) amd there s 2 re}-tnt report
of heatt block leadwg to Stokes-Adams attacks in active carditis

(Fig. 20, .
(l?g‘lse:x%me;(, Advances m the treatment of theumatic fevey \mv‘e
not equalled the advance 1n its prevention by antibiotic prophylaxis
A S TR

AR T e e
(34

Fre 30 carditia d showing {0}

H block swith Wi ! {4} Same patient

showing shght prolongation of PR mterial one manth later
and (¢) Normal conduetion one year later

and soclal betterment Rest 1 bed remains the most widely agreed
and helpful measure for patients with aetise carditis, 1t should
contine for two weeks after chmeal signs of activity have subsided
and the sedimentation rate has been normal, followed by a slaw
graduated retuen to full physical actinity Education facilities
shoald be provided for chidren whero long stay in hospital 19
wmdjeated

The jomt Unuted Kingdom-United States scheme for studying
the effects of cortisone, AUTH, and asnire, « -
" e

hevead wa

X . x4 wubu nat signs and symptoms
were arrested rapidly with 320-100 mg. of oral cortisone a day
K A Cardiol 3
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signs are due to pleural effusion. Tachypnea is usual Temperature,
pulse rate and sedimentation rate usually rise. Abnormal electro-
cardiograms were present n only 10 of 17 cases of rheumatic
cffusion. The prognosis in cases with effusion is worse in children
under ten years, and whon there is long continued activity; after
recovery there are usually signs of residual valvulitis (Fig. 29).
Heart failure 1s not an early sign of carditis; it is rarely seen in
first attacks and then only in severe cases after weeks or more of

It
i

1

i

Fia. 20. Rheumatic pericarditis  Electrocardiogram standard
leads only taken at monthly mtervals and showmng gradual
correction of $-T deviation and T-wave inverston.

continued activity Differential diagnosis from effusion may be
difficult; apart from the clinteal features, n low sedimentation rate
in failure is a useful contrast to a raised figure found mn effusion.
Digitals therapy may give an excellent response but in general the
prognosis is grave, especially when response to treatment is poor.

The electrocardiogram in rheumatic carditis. Eatlier work
on the duration of electrical systole (Q-T interval) suggested that
its prolongation was the best criterion of rheumatic activity (10,
11, 12) and further, it was considered to reflect the extent of damage
and thus atd prognosis (13). In one serics the Q-T mterval was
prolonged above 0-405 in 100% and above 0 422 in 849 in active
carditis, whereas control figures were 445, and 85, (74) Other
work has suggested that positive correlation with activity is n?t
very close and the frequency of prolongation 13 not very I}iglzn (15}
It is probable that QTe prolongation parallels activity mna significant
proportion of cnses, perhaps two-thirds to three-quarters, but
nsignificant changes oceur in many cases with severe carditis (76}
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DISEASE OF THE MITRAL VALVE

Acquired mitral valve disease. Thit 12 mainly the result of
rheumsatic fever It is accasionally due to other collagen diseases,
especially lupus erythematosus (see p 160) Endomyocardial fibross
may also mvolve the papillary rauscles, chordwx and even cusps, and
result, in organte miteal incorpetence (see p 162) Elaborate clinieal,
pathologeal and hemodynamie juvestigations associated  with
studies of mutral valve surgery and 1ta results, have led to more
atentate dugnoss of the anstorweal abrormality and vesultwg
phy mologieal disorder

Auatomical and physlological features. The essente of mtral
stenosss 13 the narrowmg of the valve onfice, and 1t 13 clear that the
severity of the patient's malady is, m the final analysis, mawmly
due to the severity of the obstruction Although much has Leen
known of the anatomy of the normal and abnormal nutral valve,
recent detailed studies have shown that the whale valve mechanism
11 compheated, and that its various parts may be affected separately,
or as a whole {1, 2) There 13 evidence to show that progressive
post rhenmatic sclerosis 13 not due to inflammation and exeatrisation
within the cusps, but rather to orgamsation of repeated fibun
depostts on the cusp surface between fhe commissures and on
the cherde (3)

The miteal salve has two eusps, the antero-medial one bewng
farge, oth are attached to the fibrous atrio-ventneular rmg Two
vapillary muscles hie oppasite the commassures and pass mto the
chorda tendine which split to gam attachment to cach opposing
leaflet  Fyve chordw are nserted into the free margin of the valve
and thicker ones fuse with the ventneular surface of each cusp,
The fundamental narrowing which produces sigmficant stenoms
“’“3"‘ at the ensp marging in the two opposing entieal areas of
ﬁ“:ed":‘olz‘:“\“m‘" I} The rheumatic process may he largely con-

© Valie margns, sa that although the contral pathway 1s
grent‘ly reduced tosay lem x 05cm + the valve cusps may remain
supple and the chordz almost normal. In more severe rheumatic
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for seven days, or 240-320 mg of oral hydrocortisone for the
same period In the peried 1930-1955 it was found that the
average duration of carditis was less than one month in only 20%,
two to four months in 30%, more than four months m 50% and
residual cardiac damage was present in all. In patients receiving
the high dosage hormone régime for seven days, the duration of
active carditis was less than one month in 699, There was no overt
evidenee of residual damage following first attacks in 849, of these
treated patients. When cortisone, salicylate and a combination
thereof are compared it is clear that the hormone, or a combmation,
causes a more rapid fall of sedimentation rate (23, 26) After com-
paring six forms of trentment in 200 cases, Ilhngworth’s group
conclude firmly that cortisone cases fare _better_than all other cases
with respect to Tarditis (25) However, high dosage hormons
therapy or high dosage salicylate in combination with hormone are
treatments not without considerable danger Although Bywaters
states (27), after reviewing the position, that “It 1s still far from
clear whether salteylate, steroid, a combination thereof, or bed rest
alone offers the best chance of escaping residual valve deformity
and cven less clear what 1s the best dosage level to employ,” most
other authorities agree that hormone therapy 1s superior to salicy
late, and that a combination 1s supertor to cortisone alone, at least
in the active and early stages of the disease
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“wedged pudmonary artenal” or indireet “left atrial pressures” are
recorded properly they correlate closely with recordings of direct
feft atoal pressures made sindltaneously at operation, ar by a
Pereutanecus or trans-bronchial route (10,11, 12, 1. 3, 18
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infoction, fibrosis affecting the whole cusps, the chordwx, and even
papillary muscle occurs; sometimes there is cross fusion between
sets of chordw on each side of the cusp. The whole may become s
thick fibrous mass in which the pathway is not only greatly narrowed
and clongated, but no Jonger capable of any valvular function
The main site of damage in valvulitis may be used for an anatomical
classification (2) In the commussural {ype the leaflets and chordee are
usually affected, calerfication may ocenr, but one commissure only
may be mainly involved In the cuspal type the leaflets are mainly
affected and grossly thickened, whilst in the chordal type gross
fusion and shortenung occurs so that a funmel is produced  Vartious
degrees of combimation occur; in the most severe cases there is
fusion of all parts, Caleification is more common in the valve
leaflets than in the commissural junctions (2).

In pure stenosis the size of the orifice at operation is usually
lem X 05cem (1, £). The range of size between which symptoms
are first produced and that which is mcompatible with life is from
a valve length of 1.75 cm to some 05 em , but such a small range
is obviously associated with a much greater range in orifice area.
When there is mutral incompetence the critical size 1s larger and in
patients sciected for operation the range was from I1-25 to 2 em
by 075to) cm () Significant regurgitation does not occur witha
mitral valve area of less than 0-8 sq. cm. (3) (Fig. 31).

In organic mitral meompetence the valve is often more severely
damaged than in stenosis, and may be no more than a rigid hole ina
rigid diaphragm. The orifice may be 2-5em. or more long, by
Tem Gross ealcification 1s sometimes present and the whole valve
untt from atrial endocardium to papilary muscles may be s thuck
rigid fibrous mass with extreme shortening of the chordw. In such
cases the evidence for a theumatic mtiology is rather slender (6).

Hemodynamics, Cardiac output 1s reduced in the majority of
patients with mitral stenosis which is severo enough to produce
symptoms {4, 5,7, 8, 9) Thi is due to obstruction at the valve n.ml
in the lung In the large series reported Ly Wood (4) cﬂfdlﬂﬂ
output averaged 3-8 litres/min m the surgical cases it was hlg]}ef
1n those with normal rhythm (41 litres/min.) than in those with
atrial fibrillation (3-6) and higher 1 those with paroxysmal dysprea
and pulmonary cedema (4-0 and 4G), 1t was very Jow (33) in
patients with mitral facies . . 3

Obstruction of the mitral valve results in a rise of pressure in
the left atrium and pulmonary veins, whilst obstruction in the
lesser pulmonary arteries and artertoles results in a riso 1 pressure
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lungs The-vessels are constricted and undxstensib\e: and are \h_e seat
of mtimal groliferation, Foel of medial hypoplasia or npl}ma are
common, and these deficienctes are thought to provoke proliferation
1n the presence of hypertension  In spite of (hete‘s(mct\\‘ml changes
there 15 much evidents of 4 reversible functional mechanism as well,
Certain ganghon bloekang drugs, acetyleholine (27, 23,23, 24) and
successful valvotomy {4, 25} result in a fall of pulmoml.'y vaseular
Fesistance, even m pabients With an extremely tigh reistance. &
fall in tesistance from acetylcholne leads ta a nse in left atrial
pressure without sigmficant changesin eardiac ontput, Vlood pressure
orpulerate Pulmonary vaseular resistance probably mereases with
effort 10 some patients, and when the resistance 1 high, effort may
cause a di ionately great mise 1n pul 'y artery pressure,
High pulmonary vascular fesistance 13 postively corrclated with
severe pufmonary fypertension, low cardiac output, o relatively
fow artenal oxygen saturation and congestive heart falure. A

lugh pulmonary vascufar resistance is only found 1 patients wath
severe stenosis

In gure wutral thcompetence it ¢ uncommon for the pulmonary

artery pressure or the pulmonary vascular resistance to be rawed l
Ho—- -

son
atr

TP couap Ly lear normal diastolie levels  Left atrial and Jeft
ventricnlar pressure curves taken at mitral valvotomy and com.
pared with the amount of incompetence found by the surgeon, showed
that the height of the “v"" wave, the v-c difference, and the Ryfv
fatio were not helpful m recogniomg incompetence, a so-called
“rorrelated x descent” of over 5mm Hy indicated mutral mcom.
Petence (16) Dye dilution curves provide valuable evidence con.
cerning the presence and depree of mcompetence (26, 27, 28) The
appearance tune of dye 15 shottened and the spread of dye particles
:Sshul\lcrensed for any given cardiac output and volume. Kotner and
M|dx::iz$'ni\:“::; claun that small amounts of regurgitation may

e method can separate those w y
surg:ml\y bhad hittle or na regurmtation from ¢haen E\g‘chmc.a fly and

1 waa u Llectssary, hemo.
S WL astable ° 1 Liewessary, hamo
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degree of stenosis when the pul ry resistance is not in the extreme
range. When there is mitral stenosts combined with incompetence,
the systolic wave tends to be higher and to rise and fall more abruptly
than n pure mitral stenosis. Owen and Wood (63) found the most
stable expression of the rate of the descent of the “v” wave, and
thus an expression of the degree of obstruction, was the quotient of
the caleulated rate of fall divided by the hesght of the preceding
“v” wave (Ry/v ratio) A value greater than 1.6 is unlikely to occur
if stenosis is pure, or ascociated with only trivial incompetence
There are lmitations in measuring the “‘v* wave when pressures are
normal or low, and the Ry/v is essentually an expression derived
from an abnormal sttuation when the diastolic part of the left atrial
curve 18 raised. There is some evidence that correlation of Ry/v
with degree of obstruction and mncompetence found at operation 1s
not very close (5, 15, 16)

Pulmonary artery pressure The majority of patients with nutral
stenosis severe enough to produce symptoms have a raised pul-
monary arterial pressure. A slight mncrease in pulmonary capillary
pressure is associated with a comparable mse in pulmonary
arterial pressure, but a disptoportionate rise occurs when the capitlaty
pressure reaches 20~25 mm. Hg (7) The systolie pulmonary arterial
pressure 1s above 100 mm Hg in a few patients, but the average
was 60/63 mm Hg in 150 patients selected for operation (). The
pulmonary artery pressure always rises on effort, 1t parallels the
pulmonary captllary pressure in patients with a normal vascular re-
sistance. High pulmonary artery pressures may fall with certain
drugs (vide infra) and with breathing oxygen (7). Hollng and
Venner (18) found that the level of pulmonary arterial pressure
was more closely related to the level of disability than any other
hemodynamic measurement

Pulmonary vascular resistance may be expressed as units from the

equation;

mean P A, pressure — mean LA pressure
cardiae output (L/min.)

{4) or as units of foree (dynes see fera) as descrtbed by Gorlin and
Gorlin (19). It is raised in mitral stenosis from levels below 2 units to
20-25 units because of organte and functional changes in the small
arteries of the Jung, Evans and Short (20) have shown that pul-
monary hypertension in mitral stenosis is always asgpciated with a
reduction in the pulmonary arterial bed by stmetnral changes

affecting arterioles and small pulmonary arteries throughout the
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lungs The vessels are constricted and undis(ermible', and are tho seat
of mhmal profiferation Foel of medial hypoplasia or ap\'a:m nre
common, and these deficiencies are thought to provoke proliferation
in the presence of hypertension. In spite of thew structural changes
there is much evidence of a reversible functional mechanism as well.
Certain ganglion blocking drugs, acetylchohne (21, 22, 23, 24) and
suceessful valvotomy {4, 25) result in a Sall of pulmonary yaseular
resistance, even m patients with an extremely high resistance. A
£all 1 resistance from acetylcholing Jeads to a rise in left atrial
‘pressure without significant changes in cardiac cutput, blood preswure
orpulserate  Pulmonary vascular resistance probably increases w ith
«ffort 1n some Patients, and when the resistance is high, effort may
eanse o P 1y great ree 1n pub y artery pressure.
High pulmanary vascular resistance 1 positively correlated with
severe pulmonary hypertension, low cardiac output, o relatively
low artemal oxygen saturation and comgestive heart fmlure A
fugh pulmonary vascular resistance 15 only found 1w patients with
severe stefiosis

In pure mifral 7 nas for the pul ¥
artery pressure or the pulmonary Tasanlay meq'sbanse s Yy ?
However, n some patients with
some stenosis, the resistance 6

atrial pressure curves show a rapidly msing systolic wave and a
rapid collapse to near normal dustalic levels  Left atral and left
ventrieuldt pressure curses taken at mitral valvotomy and com-
pared with the smount of mepmpetence found by the surgeon, showed
that the helght of the “v” wave, the v-c dhiference, and the Ryjv
Tatio wefe not helpful m recogmsing ncompetence, a sa-called

correlated x descent™ of over 5mm Hg mndicated mutral incom-
petence (16) Dye diution curves provide valuable evidence con.
certang the presence and degree of incompetence (26, 27, 28} The
appearance tune of dye 1s shortened and the spread of dye particles
lss ):&cx;:e& f(;)r any gven cardiac output and volume. Komner and
o detacted. \?\\:z"h:‘:‘; }:‘}:;tczmau amountt‘s of regurgtation may
surpoaly had Mg an sepasate those whe clinically and

T NG Te N
et segurgiation (20), Surgitation from those with moderate or

It myst be emphasised th
s at the correct assessraent of
. srent of the sevent:
of mtesl stenoss, tho degree of assoctated smnnmensn - -
chm
dyne
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MiTRAL STENOSIS

TrE PRINCIPAL FEATURES OF PUre MITRAL STEN0STS CONTRASTED
WITH THOSE FOUND IN PURE MITRAL INCOMPETENCE

{Brigden and Leatham, 1953. Brit. Heart J.)

MITRAL STENOSIS

MITRAL INCOMPETENCE

Sex

History of rheumatic
fever, ete,

Bacterial endocarditis

Heart failure

Pulse

Apex beat

First sound
Second sound

Opening snap
Third sound
Murmurs

X.raye
Enlargement of left
aurclo
Systolic backward
movement of left
auricle
Systohe expansion of
left auricle (as shown
by obwious left auri-
cular pulsatton n all
views)
Electrocardiogram
wave

Ventricular propon-
erance

MITRAL STENOSIS

Dyspnaca on effort is the commonest symptom. Itis

Symptoms.

a good guide to seventy
ed with pulmonary venous congestion and increased

uced compliance) of the lung (32, 33, 34). Inpatients
there is radiologically deteetablo pul-
and a mean left atrial pressure above

closely as<ociat
stiffness {or red

with significant dyspneea,
monary venous congestion

10 mm. Hg ()

Female prepond Male prepond
Over half cases Uncommon
Rare Common
Common Lato

mal
Palpable first sound
Loud

Normal at apex

Frequent
Infrequent
Mld-dl&stohc}

Presystolie | thrill

All degrees

Frequent

Never

Frequently large and
bifid &

Tendency to nght

+or —

Normal or increased

Suggests left ventricular
hypertrophy

Normal

Inaudiblo at apex being
mcluded i aystolic
murmur

Absent

Frequent, often loud

Systolic, loud, long may
bo mawmal 1n late
systole (+ or — thll)

All degrees—usually

shght or moderate
Frequent

Esscntial for X-ray v
diagnosis

Normal

Tendency to left

— e

of the mitral obstruction (4, 30, 31) and 13
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Orthopneea, parorysmal cardiac dyspnaa and pulmonary adema
are grades of dyspices oceurring at test and result from ﬂ}c.snmc
mechamsm Attacks of puimonary cedema may Ve precipitated
vy changes in thythm, jonal disturbance, p y and
intercurrent infection The pulmonary capillary pressure may be
Jow at rest, but nises steeply on eflort in this group {3, 33, seep 102).
Gtenous is wsually of mild to moderate degree and pulmonasy
enscular reistance is not hugh  Wood {4) found that 789 of patients
1th a resily high vascular resistance had never had osthopneea or
paroxysmal dyspnaca .

Cough 1 often due to chronic or recurrent_bronchitis nhick bs
probably related to chrome pulmonary vasentar congestion, though
not necessanly related toits severity Parenchymatous lung disease
m mitral stenosis 18 frequently responsible for further incapaerty

but rarels causes cor pulmonale: 1t 15 occastonally more important
than the valve disease Some 1mp in Y hiti

oceurs after gperation

Hemoptysis  Five kinda are recognized (). (i) sudden profuse
pulmanary hemarrhage, (1) blood staining associated with attacks
of dyspneea due ta acate palmonary venous congestion, (ud) blood
streaking with winter bronelitis, (iv) pk frothy sputum with
acute pulmonary eedema, and {v) hamopiysis due to pulmonary
mfarction It 13 probable that the massive type of pulmonary
apoplexy 13 of venous ongn oceurring when left atrial pressure has
Tiien suddenly 1 patients with a relatively low vaseular resistance
It 13 often an early symptom, the average time of onset being only
one )ear after effort dyxpneea It 15 not considered to be s serious
symptom, though often recurrent and often precipitated by preg.
nancy Some authors have considered that it mav anwatle. &

v pesasaun,
Pain i the chest 1n mitral stenoss 1s not a prommnent feature, but
here ato three types a submammary discomfort which mu_’y be
peychogeme, and due to anciety sbout the heart condition, &
(:::il E::nrilla‘\‘dmumfon when there 13 great eardiac enlargem;nt,
ot o c.n:\:dzr?‘mc ]pa}n (angma pectoris) which 13 due to
from eovany Soronacs an‘;ic“ at)mn whent there 11 a low cardiae output
anoveoua Most p;mentq 1‘1:‘?!! e G speriemon aggstited by
Dysphaga s st o ‘um ;;\::].l do 1ot complain of ain,

L symptom {especially i the
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combined lesion) and this 1s often assoclated with a dry persistent
cough, or hoarseness of the voice from pressure on adjacent media.
stinal structures by an enlarged Jeft auricle, Very rarely aneurysmal
enlargement of the left auricle appears to be the cause of erosion of
the vertebral bodies, giving rise to severe pain between the scapule

Physical signs. In mitral stenosis these may be related to the
anatomical abnormality of the valve and to the hemodynamic
derangements which result from the obstruction (see p 100). The

et e - et et s e

17 il Ll

Bnovdd v ae Cemie 2l ]
BWesm. 1. sm.z0s. MO &

IO . 1. gty
I

)
PA ! _—
HF _‘l'd. S— h
Fre 32. Mld nutral stenosis Phonocardiogram shows pre-
systolic murmur (P S ), mederately loud first sound at the
mutral aren (M A}, an opening snap (O §) seen best i high
frequency record at the mitral ares (H F M A ) and diminuendo
mutral diastolic murmur (M.D M )

mitral facies 15 due to pertpheral vaso.constriction assoctated
with a low relatively fixed cardiac output, together with a tendency
to arteral anoxenua. There 1s often a shght bulging n the left
precordium, the cardiac impulse may be seen m the parasternal
intercostal spaces (right ventricle) and the apex beat (left ventricle)
o am =~ camaratn Tmlsation further to the left  On palpation, the
ping quabty, largely due

1 An apeal diastolic or
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presystolic thnll {s common and jts presence depends on the loud.
ness of the characteristic murmur Over the parasternal region
there may be a strong pulsation due to right ventricular hypertrophy,

dicating pull 'y hyp which is also sugpested by a
palpable puimonary closure over the pulmonary artery

Auscultation provides the most valuable evidence m patients
with mitral stenosis The first sound is loud, and on the phono.
cardiogram 1t is late when compared with the QRS (Figa, 32 and 33)

M e it p’ ’
VR wi it o oyt 1

F12 32 Secere mtral stenous  An earl;
ond sounds 122}

he low frequency meord (1,
13 atrial fibrillation, - F) end thers

'y openmg map (0 )1y
Th

Whan ebe o,

it cusp mo{n‘]:t;m“: I~ coneerned partly with sevent.
The intencty
Pulmgn:r:‘}:q ;[ the Puinlonary second sound 1 nereased by
dlated. (hemn: ension,  when tension s high and the arter§~
<econd s chek m early
mmmp:to:r:‘c% “Ts:mmmeg fallowed by the m\\:x)n\:;w:fo le“;md e
© OPering anap oocurs 1 early dmsmlpe \:2:’::3;

sty o1

y and partly
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0-03 sec. and 0-14 sec after the beginning of the second sounds,
the interval between the two second sounds being between 0 01 and
0 05 scc. (Figs. 32 and 33). It is heard best inside and above the apex
and is higher pitched and earlier than the third heart sound (37). Tts
presence usnally indicates a pliable valve with significant stenosis;
it 1s thus a most valnable sign. There 1s a positive correlation be-
tween intensity of the first heart sound and intensity of the snap.
The following factors are assocrated with a soft first sound i nutral

. o,
SE ' SM:

HE ool

Fio 84 Ph 1y showing a pan-systolic murmur
present durin - .- ‘ -
Ppetence (A),
made at left

filter (HF )

valve disease and with the absence of an opeming snap. (i) caleifica-
tion at the mutral valve with or without evidence of significant
mitral 1 petence, (1) d nutral incompetence, (iii) a
very high pulmonary vascular resistance The “snap” may also
Dbe absent when there 15 a massive left atrial thrombus, and, rarely,
when there 1s co-cxistent aortie valve disease .

There is a rough posttive correlation between lateness of the first
sound and earliness of the opening snap with the sevenity of the
mitral obstruction, thus a very early snap 1s assoctated with tight

stenosis, and a late ane with mild stenosts  The third heart sound
. e «- 1 with raptd

1rd sound 9

assoeisleu witan ssteans o
Mursurs. An apical
the presence of mitral ine

- . )
pan-systolic murmur 13 a reliable gl.xldn to
pet: in the pre of sten: (38),
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rovided that it is not mistaken for o ¢ iengpid pet

§mmmr heard unusually far to the left (Fig. 34). Ths difficuity
dimynishes of due regard is paid to exact distribution of the murmur
and ats variation with respiration Copversely, the absence of a
pan-systolic murmur 13 8 reasanably good guide to the absence of
nutral ncompetence () A sofy mtral pan-systolic murmyr 1S more
common in patients with severe stenosis when there is atrial fibrilla-
tion The mutral diastolc murmur 13 long in all severe cases of
stepows, Intensity seems to bear Tittle relation to orifice size, but in
patients with a very high pulmonary resistance (usually having
severe stenosis), the murmur may be very soft and at times even
abment (39)

ATRisr FISRILATION 18 common when there 13 associated in-
competence, it brings deteroration n the cardiac status of patients

with mitral stenosis Its onset may precipitate paroxysmal dyspnea,

and peon

aew veLulles l1ger ater atnal fibnllation, the cardiac ontput tends
tobe lower () The msk of systemic embohsm is greater it patients
with atral fibrillation thap in these with normal rhythm,

Systemtc Aypertension 1s 110 more cominon in mitral steposis than
i normal controls of the same age and sex (40) 3% of 300
cases had blood pressures of 160/100 or more (4}

The electrocardiogram. (Figs 35 and 36) The P wave 1s
abrormal i all exses of severe stenosis 1t 13 widened {up to 0 12 see
w severe grades) and notched or bifid The two componenta reflect
ight and left etrial attinty, sepazated by 003 sec compared with
0‘03 se? m controls (42} This bifid P ware s nnseas » =

oo
. I:Ehz Tenteteuwtar hypertrophy s related 1o the severity and
v.xm “;? of pulmonary hypertension It probably never oceurs
\:n be pulmonary vaseular resistance commences to nse Right
¥ d is found ingly oft Lt
valve reaches 1< smallest size e ot st ey
{5). The pattern ht
l::a“jh Hlovk mostly mdieates yicht Bl i o ;lcgnmsl‘:;d:i

\ the elpctro-
-pparclils dominant mtral stenosis demands a
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Fro. 35 Mitral stenowrs with moderately lugh pulmonary

vascular resistance. (a) Before valvotomy, showing bifid 1

waves and moderate mght ventricular hypertrophy (b)) One

vear after valvotomy + left atrial component of I i< less, In-

creased RT and RV7 with deeper 8V1 indicates loss right
sentricular hypertrophy.

Fra 36 Mutral stenosss with lugh pulmonary vascular voss-
tance showing monaphasic R waves m CRI (muddle row), tha

coarse " waves of atrial fibnilation are shown best m this Jead.
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itral ¥ nortic
2 { mitral incompetence ot
xch for the presence O
fur(he{ seorch for the presence ©'

Aral stenosis are well

w of cevero stenosis,

s v s larged when

artery and s secondary branches are en
'{\}::rg“\]:“ ;‘\::&;\rv“h)wnension whily the penpheral bmnrhe«v
are narrowed, espe’cially at the bases of the lungs {43). P\\\n\m\?ry
venous cnuwe,stion is largely responsible for the Inlar congestion
g

Fic 37 Mitral stenosis mith high pulmonary escular reais

tance {a) There 13 wtense pulmonsry vensus congeation aml

the rhythm 19 regulars (b) After the onset of atria} fihnflanon

there 15 gome ncrease i heart size and further venous
congestion

seen 1 severe stenows It is usually proportioned to the depree of
dyspneea, but there are oecasional anomabes The vast majonty
of patients with pulmonary venous congestion have left atrial
pressutes betneen 10 and 30 mm Hg (f) Short homzontal hnes
(Rerley’s hnes) appear in basal regions and are related to chrome
congestion These septal lines are present i 75%, of patients with
tuzht mitral stenosis (Fig. 37).

The left atrium 15 characterisheally enlarged, but assoctated

mitral incompetence produces even greater enlargement  Qccasion-
ally a gant left atnom s
-tk an

associated with pure stenosis  In patients
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the extent of right ventricular enlargement from the general car-
diomegaly. The right atrium may be moderately enlarged but when
it is s0, the probable cause is tricuspid valve disease.

Calcification of the mitral valve is common and may be detected
by radioscopy, image intensification or tomography. It should
always be sought when surgery is idered. Mitral i 3
is much more common m patients with gross ealeification than those
without (£{). Some authors deny this (5} Thin Imear calcification
forming part of the atrial circumference indicates organised clot.

Hamosiderosis shows a close relation to severe hamoptysis and
is considered to be due to muitiple hemorrhages from broncho-
pulmonary anastomosis (45, £).

Surgical treatment. Valvotomy for mitral stenosis has now
been established for ten years, but the first attempts at surgical
treatment were made more than thirty years ago by Souttar {52),
and Cutler and Beck (53).

Mitral valvotomy is indicated when obstruction to bleod flow
at the mitral valve is the dominant disorder and of sufficient degree
to cause symptoms. Success after operation 15 largely determined
by the effectiveness of relief of this obstruction. In most patients
selection for operation may be made by clinical assessment aided
by electrocardiography and radiology.

Since a close correlation exists between the degree of breathless-
ness on effort and the size of the mitral orifice, effort dyspneea,
orthapneea and cardiac asthma are the most important indications
Completely asymptomatic patients may live normal lives and do not
need treatment, but operation should be performed on all patients
with “'pure” mitral stenosis who have dyspneea on effort In thowo
with very mud non-progressive symptoms operation may be deferred
or determned by consideration of social, econome and psychological
factors. On the other hand, valvotomy is urgent when symptoms
are clearly progressive; such patients should not be allowed to
deteriorate to the status of complete cardiac invalidism, but even
at thus level when there is chronic failure, operation may produce
remarkable improvement. Pulmonary cedema is an urgent indica~
tion for surgery, so is repeated hemoptysis. There is evidence t.hnt
operation diminishes the 1af6 risk of further systemic embo!txsm
in patients who have already had one episode, so that emholism
is an added reason for valvotomy, but the operative risk in such
patients is somew hat greater. . . X

Objective evidence pointing to surgfeally significant stenosis
includes o loud first sound and loud omninisnnp, a Yong mitral_
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duastolie murmar, electrocardiogeaphic evxd‘n\ce ,of right ventricular

Settrophy and “P_mtrale,” radiological evidence of ¥ ¥
imus cgn?';estinn, and left atrial enlargement Ina small numb?r
of cases where signs and symptoms are equivocal, hwmedynamic
studies are indicated. Rmsed _pulmonary capillary  pressures
wdicate raised left atrial pressure, the form of the pulmonary
“eqpillary” pulse tracing may be used to calenlate the Ryfv ratio.
Left atral and left ventneular cathetersation by percutancons
route to determine the gradient across the valve, 33 rarely, if ever,
wiieated,

Operation is contra-mdieated by serious yutral incompetence and
serious gortic meompetence, but munor degrees are acceptable if the
feft ventricle does not reveal climical, radiologicsl and electro-

diographic evidence of en! Mild degrees of mutral
incompetence may esen be improved after valvotomy, especially
if the cusps are mobile (5£ 53), when combined with sortic
valvotomy, the results are good (nde p 127)

Pulmonary hyp: due to a sigmficantly raised pul Y
<aseular does not contra-ndicate operation  The pul-
monary artery pressure falls after operation even in patients with

pul v vascular t: (54, 23)  Atrial
does not contra-indicate operation, but overall results
ate not 0 good  Caleification of the mitral valve is not a contra-
indication, but 1f 1t 18 exfensive it 13 unlihely that a

Y

1

t good result wil
be.achleved (52, 31), iy v hen there is associated incomp

R acti ity is an mdieation to postpone ion, but 1f
e 15 threatened by the se: oy

verity of the obstruction delay s
avouded. It seven possibleth o r:,m ion ey should be

¥dynamics
may aid the regression of the carditis. The assesoment of the

theumatie activaty 15 aften difficult, as the usual entena are wostly
absent 1 patients with stenosis severe enough ta warrant surgery
The problems concerning rheumatie activaty and vafvotomy are
unsettled and there are divergent views There 13 certamly little
:; :: ‘:um}nmn betseen Asehaff siodes found in atrial bnopsies and
e :‘I‘;&;‘ m}\lrse ol;_ these patients Parenchymatous disense of the
g e form of bronchitis and emphy<ema does not contra-
ncicate operation, but results depend on the relative dominance of

the cardiac or pulmonary disease The mnsks of operation are

obviousty neregsed

3 "
mos:ez\v{:ing r:: no llur to mitral valvotomy, but it 15 obvious that
—— indiwot“ 1 advase postponement of operation unless there

edtions, such as wereasing paroxysmal dyspnees m
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spite of treatment, or an attack of pulmonary cedema. The risks
of operation are probably no greater n the first trimester, but there-
after the risk is increased and operation should only be performed
if it is clear that medical treatment is not preventing deterioration
after a thorough assessment of all possible factors. In the vast
majority of cases 1t is possible to carry women with heart disease
through pregnancy (56), but this depends on many factors including
good co-operation of the patient, and availability of social services
1 the community. Burwell considers that surgery is almost never
necessary. However, in the great majority of reported cases of
valvotomy the result has been satisfactory

Resvrts oF Mrrrar Vanvoromy The dominant factor in
determuning clinical unprovement is the effectiveness of relieving
obstruction at the mutral valve, but even when function 1s greatly
improved the anatomical state of a grossly deformed valve 1s clearly
not returned to normal (31, 97, 48)

The overall mortality 1s 5-6%, but for most suitable patients with
small hearts, sinus rhythm and pure stenosis the risk 1s not greater
than 1%,. Most studies have shown that some 70%, of patients are
mproved by operation and in the majority of patients improvement
has been maintamed (Fig. 35). Poor resuits and regression are due
to inadequate operations, pre-existng serious lung disease, gross
calafication of the vaive, myocardial disease, traumatic mitral
meompetence and rarely, refusion of commissures

Post-operative atral fibrillation is common Spontancous con-
version to sinus thythm may oceur within fourteen days after the
operation, if atrial fibrillation persists quudine should be given
between the tenth and fourteenth post-operative day Successful
converston is unlikely before

THE POST-OPERATIVE PYREXIAL SYNDROME (60, 61} is charac-
terised by some of the followmng features fever, chest pain, peri-
cardial friction, a rise in jugular venous pressure, shght cedema, an
increase in size of the heart shadow and rarely arthralgla  Non-
specific Iaboratory evidence of inflammation may be present  Some
10-209%, of patients show some features exther early or late n the
post-operative pertod.  For the vast majonty of patients the con-
dition js not serious and merely delays convalescence for two or three
weeks; a few deaths from heart fatlure have been reported 62),
hnt in such cases it seems Itkely that rheumatic activity was t}:‘D
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The eause of the post-valvatomy syndrome is uncertain, but it
appears to be an unusual accentuation, persmenn:. and Tecurrence
of focal traumatie sequelce, perhapsan unusu@l reaction of thenmatic
subjects to blood 1n the penieardial sac. Tt is probably not due to
rheumatic sctivity owing to the absence of frosh streptococeal infee-
tiom, absence of arthropathy or nodules, carditis and a response to
salicylates  However, there are occasional patients who show clear
evidence of & recurrence of rheumatic fever from which the post-
valvotoray syndrome should be differentiated.

MITRAL INCOMPETENCE

Pure ckronic organic mtral 1ncompelence wn adults is not as com-
mon as otber forms of mitral valve discase but has <ome dustinetive
features  Appheation of the chimieal featutes of pure incompetence
to the findmgs m mixed lesions wids m assessment of the degree of
awoclated incompetence

Iu contrast to mutral stenosis, males preponderate Only 230,
grve a fustory of past theumatie fever, and supenmposed bacterial
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Fie 38 Miral wcompetenee  Phonacardio;

sustolic mumor wile crescendo 1 Tate £ oo Trn toeons
“ound {worte) 12 wncluded 1n o murmur at the apes (M 4 )
o tho hugh frequency recoding {1 J bus can bo seen 1n the
o fremiency record (LE.) The third sound 13 eleatly seen
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endocarditis is common. Ectopic beats, associated with a hyper.
kinetic ventricle are common when there is more than mild in-
competence; paipitation results. Unusual fatigue is more prominent
than dyspneea.

Sraxs, The pulse 1s normal or jerky, having a quick up-strohe
with a “small water hammer™ quality (). When incompetence
is of moderate to severe degree, the apex beat reveals left ventricular
enlargement and an early diastolie filling wave may be scen and
felt {6). Auscultation provides the best evidence of mitral incom-
petence and there is general unanimity concerning the following
ponts  The first sound is normal or soft, it is followed by a pan-
systolic murmur which is loudest at the apex and here the sortic
second sound may be “buried in the end vibrations of the murmur,”
so that it becomes inaudible. In mild eases the murmur has a
crescendo quality and has been mistaken for an innocent late
systolic murmur (sce Fig. 38). Ventricular septal defects may
produce & pan-systolic murmur which is, however, loudest at the
left sternal edge. VWhen mutral mncompetence is more than shght,
thero 15 a third heart sound. An opening snap is absent.

Rabrorooy. The presence of expansile pulsation of Jeft atrium
is a good sign of considerable mitral reflux, but jts absence is com-
patible with muld to moderate degrees of incompetence. Systolie
expansion of the left atrium must be distinguished from a jerky
backward displacement which may occur in mitral valve stenosis.
This sign 18 best seen in the antero-posterior view on radioscopy,
when both left and right upper borders of the heart shadow, formed
by the Jeft atrium, move outwards as the apical region of the ventricle
moves in with systole - In contrast to mitral stenosts, hilar con-

hddaa oAl e e
the P wave may bea
LU pluwigin vue + ssease o3 ave o Iy present. The QRS
compleses show a tendency to left ventricular preponderance but
the degree of change 1s normally shght and rarely reaches the
severity found in systemic hypertension or aortic valve disease.

Treatment. The majonty of patients with muld to moderate
pure mitral incompetence have a reasonable hfe expectancy, b!jl!
bacterial endocarditis is a real hazard (6) and prophylactte pemeiltin
is indicated when there 1s risk of infection

The surgical repair of mitral incompetence has been unsatisfactory
so far. Various methods, including the usc of vein or penicardial
grafts (46, 47), artificial valves (45, 49, 50), and the suturing of
Jeaflets have been tried. Perhaps the most attractive and satisfactory
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d so far is the use
::lil\:}r?’. t:onarro\\' the left atrial-ventmcular
which the pathological valves have to occlude
and Davila (31) report the results

Ly tring
total crreumferential puse 8
o ring (31); the onfice
is narrowed. Glover
12 cases with advanced, almost

Fic 39 Mitral mcompetence X-ray shows unususlly large

ey

terminal disease prior to operation The high mortality was not
surprising 1 view of the seventy of the disease Four were living
m an mproved state Their results clearly point the way Tt s
certan that great improvement would follow the significant redue-
tion of mutral mcompetence m patients whose left ventricular
myocardium was not severely damaged
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TRICUSPID VALVE DISEASE

Rheumatic tneuspid valve discase is almost always associated
with mitral or sortic valvultis. The trcuspid valve is aflected at
necropsy exsination in approximately 20%, of yatients with
mutral stenows when munor degrees of theumatic inflammation are
meluded (1, 2) Dbut only some 8-9%, show definite enidence of
stenosss (2, ) a higher figure (119,) 33 given by Soulié ef al, 4),
Tt Wood (5) found that only 3 3%, of a series of cases of miteal
stenows had chimeal evidence of significant tncuspid stenosis and
this 13 more in line with the experience of cardiologists Some
measure of tricuspid incompetence is associated with almost all
cases of tneuspid stenosis (11)

Rare causes of organic acquired tnicuspd valve disease are dis-
seminated lupus erythematosus (see p 160), argentaffin carcinoma
and endamyocardal flbrosis (see p 162).

Tricuspid stenosis. The mam features of this condition have
been known for a long time, but the surgical treatment of mitral
stenoss and the introduction of hemoedynamic methods has stimu.
lated a reinvestigation of the chmcal features of this condition
which 13 almost aluays ascociated with a severer degree of mitral
stenosss (3, 6, 7, 8, 9)

Obstruction at the tricuspid valve prevents the rapid egualisation
of atnal and ventneular pressure, hence a pressure gradtent develops
across the valve which may be recognited by cardiac catheterisa.
h‘on In fevem cases 1t appears that these pressures mav ot pavahen

Contributions by Gibson and Wood {6) and Yu et al (7} are sul-

stantally similar, they find that a confident diagnosiy can e

made when the following features are present. (1) Absence of
P of pul 'y venrous i

{chronic cedema and
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ascites are only seen in advanced cases), (‘_’)/A high venous pressure
in the absence of a high pulmonary vascular resistance, pericardial
effusion, uncontrolled auricular fibrillation, or severe mitral in.
competence. {3) A venous pulse showing a giant “a” wave in cases
with normal rhythm, and a gentle “y” descent without a properly
defined “y” trough in those with auricular fibrillation () A quiet
right ventricle and unimpressive pulmonary second sound. {5)
A diastohe or presystolic murmur at the tricuspid area, waxing on
inspiration (6) An opening snap at the left sternal edge in the
presence of calcific mitral stenosfs. (7) A tall nght atrial P wave in
the absence of electrocardiographic evidence of right-ventricular
hypertrophy (lead V1, or CRI1). (8) Disproportionate dilatation of
the right atrinm without enlargement of the pulmonary artery and
with relatively little pulmonary venous congestion

The exaggerated presystolic wave n the jugnlar venous pulse
1n tricuspid stenosis was recognised by Mackenzie, but these sharp
waves may also occur in conditions with a great increase in right
ventricular pressure: in particular “a” waves associated Wwih
pulmonary hypertension in mitral stencsis (as noted n (2) above)
cause difficulty in differential diagnosts (8) ; however, there s usually
an early diastolic collapse of the jugular pulse, whereas in tricuspid
stenosis the obstruction leads to a slower “y"* descent The openmg
snap in mitral stenosis 1s usually well heard at the left sternal edge
(10), and it 1s the experience of many physiciaps that this sound may
be heard even m the right chest, so that it is obviously difficult to be
certain whether this sign arises in the right or left atno-ventricular
valve The gqualtfication imposed by Gibson and Wood (5} 15 not
absolute, namely that this sound 1s a sign of tricuspid stenosis when
the mutral valve is calcified, as 1n some cases of calaific putral
stenosis a soft snap may be heard from that valve

The clinteal features ultimately depend on the relative degree of
tricuspid stenosis and mitral stenosis A severe degree of obstruction
at either valve may largely mask the symptoms and signs produced
by the less severcly affected valve

s Tricuspid valvotanty. Anatomical study of diseased tricuspid
valves shows that there is almost always incompetence even when
the stenosis is tight (17) It 1s obviously important to avord causmg
more incompetence by operation, and i most cases only & kmited
valvotomy 1s indicated. Bailey (22} adviced against division of the
antera-medial commissure because the production of incompetence
is lkely with a full vaivotomy Many operations for tricuspid

stenosis have now been performed. Baley and Bolton (13) explored
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i v ; and found tricuspid
the valve m 98 cases of mitral valvotomy and fou
st:nosis in15 Hollman {11} noted reports of 18 pa.hents who had
undergone valvotomy, and added one whose domm'nnt symp.lcm
B i mantoms which was relieved by tricuspid Aand' 'mltn\l

- 3

Tricuspid incompetence. Tricuspid Incompetence 13 tuut, 1
functional and due to dilatation of the valve ring and the right
ventnicle Itas bl ted with the lopment of heart
failure, 1t may bo due to argame disease of the valve and .is then
often associated with some degree of stenosis. The recognition of

liver
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GEBE=S

AORTIC STENOSIS

The recogmition and assessment of seventy of aortic stenosis 13
especially important now that surgical relief of the obstruetion 1s
Possible  Cieatnicial narrowing of the aortic valve 1s common, and
clearly the result of thewmatism when 1t 19 combned with mutral
valve duease 1n an adult  the lesion 13 1volated 1 some 25-35%, (1)
of gl patients with aortie stenosms ¢

mical and pathologieal mvestigation has no
problem of the eause of calerfic stengsls 1n adults nfr::Ikvuegdh ;l\‘reer:‘g(\‘a
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age of death, the low incidence of a history of clinical rheumatiem
and the presence of calcification suggest a degenerative wtiology,
but do not exclude rheumatism as the identical leston is frequently
associated with mitral valve disease The balance of evidence points
to a rheumatic origin in most cases {2), but little is to bo gained from
n solution to this problem. More importance must be attached to
the possibility that a reasonable proportion of cases of caleific
aortic stenosis are “of congenital origin (sce p. 47). It is not un-
common for aortie valve deformities associated with coarctation of
the aorta to became calcified and stenosed (see p 67).

The movement of healthy and diseased aortic valves has been
studied by cinematography (3) By such methods the greatly
diminished movement, obstruction and mefficiency of the valves in
caleific aortic stenosis may be clearly scen. The valve lumen is
triangular 1 health, and 1t becomes a small distorted tmangle m
disease (3, ) The important pathologieal feature of aortic stenosis
from the practica! point of view is its great tendency to calafication
(3). There arc all grades of stenosts and deformity, dependmng on
the extent of fusion of commissures and the amount of ealaification
)
The left ventricle is hypertrophued to a degree which depends on
the revenity of stenosis, the presence of coronary disease and pre-
sumably on the length of survival Occasionally the heart weighs
over 1000 G but the average 1s 600 G (6). Patchy fibross is usual,
but large homogeneous arcas of damage due to extensive infarctron
are uncommon  Coronary arteries are more commonly affected by
occlusive disease than has been generally stated. In eleven patients
dying suddenly with proven aortte stenosis, nme had severe stenosts
but three had severe coronary atherosclerosis (6)

Havopynamics, The gradient ucsoss the valve 1s measured by
simultaneous electromanometric recording of brachial artenal
pressure and ntraventricular pressures The mtraventricular
pressure may be obtamed by pereutancous introduction of & needle
into the left atrum, mto which a fine catheter 15 inserted va the
needle, and advanced to tho ventnicle (7) Direct percutaneous
puneture of the left ventricle appears to bo a safe and moro satis-
factory method (8, 9, 5}

Tt 15 probable that cardiac output 15 mamntaned within normal
limits until Jate in the natural history of aortic stenows This Is
attained by increased work of the left ventrele, when obstructionis
severe, intraventricular systolic pressures of 300 mm Hg and more
are not uncommon and result m aortic systolie pressures of only
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100-150 mm, Wy In late stages of the disease the end diastolic
pressure 1n the left ventricle is elevated to 20 or 25 mm. Hg

Dbstrnchion 10 the left, ventnicular outflow causes prolongation of
the total ejection period which 13 sppreciated as the xlnf\;_ nsing
pule The tune of the up-stroke may be mieasured ot arterial pulse
pressure cutves and 13 prolonged to 0 15 sec. or more (I0) When an
arcerial osedlographnt method is wied with o neck cuff to <how the
regronal changes 1 the pressure pulse form (11), the first hall of the
up-stroke time is prolonged from a normal range of 004-0 06 sce.
to 005-0 14sec The pulse wave form is only roughly related to
seventy of stenowis, mumerous other factors sach as stroke output,
Teft ventricular performance, aortic ncompetence, elasticity of the
great vessels and peripheral reststante influenee the pulse contour
1t follows that no single pressure measurement and record can be
used a5 an index of severity

The normal aortse orifice at the valve ring 1s approxmmately
3sq om T seems that this area must be reduced by more than
5% toreach a entical mize of 05-0:7 g em before nortic stenasis
‘protduces signi clmcal symyp n combined aortic stenoss

and aortic incompetence, however, the enitieal size 14 arger, bemng
approumately 15 em {12, 13)

Chnical Features
A mafe preponderance of approximately 3 to 1 {the reason for
which 1 unknowny has been confirmed 1 many recent studies
In eontrast to mitral stenosis, patients with aortic stenosis often
e & long symprom-free hfe, but from the time that symptoms
appear deterioration tends to be Tapid and death often oceurs
within two years

N Any of the following symptoms may appear alone or in combina-
100 wath others, nbnormal fatigue, angma pectons, dizziness and
i};l:::?_pe, and breathlessness from Jeft venteieular fatuee e

4 eaw tue reduced supply from a low coronary
ﬁ:{;:nncd pressure due to the wottic stenows, and possibly st}
Treduced by coronary atherora Although a serious symptom,

o rating & 0813 s * &
ften indicating Brogrosis of les than two years, » fow patients

ecn years with effort pan () X

2y ; pan ($)  Nocturnal

.: , ‘;ckq ‘x;re :’:\r)n;nol\ Some patients kave profonged a\)(atks cn{ ;{:\‘n
probable that some degree of local myocardial death 13
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sustained in these attacks. There is a much greater incidence of
coronary atheroma in aortic stenosis patients with angina than in
those without (409, versus 13-8%) (6). Sudden death is more
common in patients with angina.

“Sy~ncorr (and 1ts minor equivalent of dizziness) is common in
isolated aortic stenosis, varying from 5 to 259 in different series
Angina is more common in patients with syncope than in those with
out (75% versus 239,), and this is presumably due to the fact that
both are symptoms of severe stenosis Syncope 15 characteristieally
related to effort (14 of 16 cases in one series (15)) Various mechan.
isms have been suggested, including hypersensitive carotid sinus,
cercbro-vaseular disease and arrhythmia, but there is no evidence
that these play any part in the usual form of effort syncope.” It is
probable that the ventricle is unable to elevate its output sufficiently
(and in this sense 1t 1s failing) in the presence of peripheral vaso.
dilatation (in contrast to mitral stenosis, the stimulus to peripheral
constriction from pulmonary venous congestion is largely absent}),
acute hypotension results and the usual pattern of vaso-vagal
syncope with bradycardia follows. Syncope 1s occasionally due to
arrthythmia, e g. heart bloek, but then it is unrelated to effort.

Physical signs. These are well known and follow from the
hemodynamies of aortic obstruction. Left ventricular enlargement
15 of the hypertensive rather than the hyperkinetic type, and may
be felt as a heave at the apex when severe The murmur is charac-
teristically heard best at the left sternal edge and nortic area Itis
maximal m mid-systole (16) and sometimes preceded by an ejection
chek (Fig. 40) A thrll is clearly only present when the murmurisa
loud one When aortic stenosis is combined with incompetence, and
there is probably some incompetence m most apparently “pure”
cases of aortic stenosis, a soft early diastolic murmur may be heard

When there is great left ventricular hypertrophy or left bundle
branch block, the normal tendency to mcreased splitting of the
second sounds on 1nspiration is reversed, due to delay of the aortic
component beyond the time of pulmenary valve closure

An anacrotic pulse may be felt when stenosis is moderate to
severe, A Disferiens pulse showing recession of pressure in the
middle of the pulse wave appears when there is significant cumhinfd
aortic incompetenco: this may be due to a “Venturi” effect (I7}

The frequency of arthythmia vames in different series. Atnal
fbrillation is common when aortic stenows is mixed with mitral
valve disease, but occurs in perhaps only 10°, of pure cases, and i3

then a grave prognostic sign
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advance” {13)

Trrs, Evgcrrocarbioarad provides valuable evidence of the state
of the left ventricle It is normal in only the mulder cascs, and the
degree of change bears a Tough relation to seventy There1s, how.
evet, 1o very constant pattern of abnormality apart from the clear

Fic 40  Aortie stenoms
shaped ejectian systolic murmur ending before the aortie second
sound.

Phonoctrdiogram shows drasnond.-

evidence of left ventricular damage, which appears mn 70%, as left
prepond left lar stran or left bundle
‘branch block

Treatment. Surgery 13 the only way of diminishing orgame
obstruction at the aortic valve and should be a serions consideration
1 every case of aortic stenosts  Badey ef al (4) have reported 287
operations, Brock (5) has reported 120 operations, and many other
reports have appeared recently The present surgical techniques
carry an appreciable morbidity and mortality which are not accept-
able for totally asymaptomstic patients with mild to moderate
n:ft:c‘ s‘lenm)s \fhmh may be compatible with o lam~ 16 ™

v seuuts mdicates an inoperable state
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but successful operation is possible after the development of left-
sided failure if this has responded to medieal treatment, and
especinlly when an episodo of left ventricular failuro has been pre-
cipitated by infection. On physical examination a forceful left
ventricular apex beat and a slow rising pulse mostly point to a
severe obstruction.* An aortic diastolic murmur in the absence of
other evidence of a large leak does not contra-ndicate surgery but
probably mereases the risk.

A normal electrocardiogram is not compatible with stenosis of the
severity to justify surgery On the other hand, deterioration in
electrocardiographic signs of left ventricular damage is an added
reason for surgery. Caleification seen at the valve on radioscopy is
ot a contra-indication but 1t reduees the probability of a first-class
result (5). It is clearly preferable to operate before cnlaification
develops, thisis rarely possible 1n adults

In many patients operation can be advised without recourse to
tests designed to establish pressures on each side of the obstruction:
mn any ease, nortic and intraventricular pressures may be, and should
be, determined at operation before the valvotomy. In other cases
further tests for pre-operative assessment are necessary  Simul-
tancous percutancous left ventricular puncture and brachial artery
puncture scem to be the most satisfactory pre-operative method of
obtaining the pressure gradient, which should not be less than

+ 50 mm, Hgf surgery 15 contemplated.

Broek (5), with much evidence to support hus view, considers
that pressure records at operation are reliable and comparable with
those taken beforchand, especially 1f regard is paid to the state of
ventricular action at operation  Complete abolition of the gradient
14 often not possible but in obtaming a residual gradient of 30-50
mm Hg, symptoms may be rcheved and prognosis greatly m-
proved,

Surgical approach. It 1sclear that blind techniques are bound
to be unsatisfactory compared with open direct-vision valvotomy
Bailey (18) described the techmique of passing a valvulotome throngh
the Jeft ventricle to the valve wiich was sphit by an expanding
dilator This technigue, although abandoned by Bailey and other
American surgeons in favour of a trans-aortic approach, ]m:.been
used and developed by others including Brock, who has used it for

most of lus cases. Both methods produce improvement tn approxi-
mately 709, of patients, and the operative mortality should not be
more than 10 to 15%. The immedate operative mortality of the

trans-ventricular route is probably twice that of the trans-aortic
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4), but the number of late deaths, average time of their occutrence
nd the post-operative clinical response makes the two procedures
of equal value .

Tt 15 clear that open direct-vision operation will Jargely replace

bind techmques n the future. Several surgeons performed open
'

aartie usng & pump oxygenator system or hypothermia
carly 0 1936 {3) In Barley’s sevies of 11 cases there Wasone death
and all survivors were iderably imy d clingeally, and none

developed gortic incompetence (4). Tius method is advocated for all
operafive cases of congemital aortic stenosis and for others with
extensive ealeification of the valve The problem really concerns
the development of u relatively smple safe techmaque of managg
the open artested heart <o that all cases may be done under direct
V1si0n

CoMBINED Aowtic AXD Mrreau VALYoTOMY, Aortic stenosis
should be relieved it most patients where nutral valvetomy is
weheated for co existing rutral stenosts  Increased flow through n
widensd mural onfice causes increased load on s Jeft ventricle
alrendy overloaded Ly Gbstruction  The resuits for the double

vee ruas waiedies vasvotomy {5}
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but successful operation is possible after the develoy of left-
sided failure if this has responded to medieal treatment,-and
especially when an episode of left ventricular failure has been pre-
cipitated by infection. On physical examination a forceful left
ventricular apex beat and a slow rising pulse mostly point to a
severe obstruction. ¥ An aortic diastolic murmur in the absence of
other evidence of a large lenk does not contra-indieate surgery but
prabably increases the risk

A normal electrocardiogram 1s not compatible with stenosis of the
seventy to justify surgery. On the other hand, deterioration in
electrocardiographic signs of left ventricular damage is an added
reason for surgery. Calcification seen at the valve on radioscopy 15
ot a contra-indication but it reduces the probability of a first.class
result (5) It is clearly preferable to operate before calcification
develops, this is rarely possible in adults

In many patients operatton can be advised without recourse to
tests designed to establish pressures on each side of the obstruction.
in any case, aortic and intraventricular pressures may be, and should
be, determined at operation before the valvotomy In other eases
further tests for pre-operative assessment are necessary Simul-
taneous percutancous left ventricular puncture and brachial artery
puncture seem to be the most satisfactory pre-operative method of
obtaining the pressure gradient, which should not be less than
50 mm Hg 1if surgery 1s contemplated

Brock (J), with much evidence to support his view, considers
that pressure records at operation are reliable and comparable with
those taken beforchand, especially if regard is pard to the state of
ventricular action at operation. Complete abolition of the gradient
15 often not possible but m obtamng a residual gradient of 30-50
mm Hg, symptoms may be relieved and prognosis greatly im-

proved
Surgical approach. It is clear that blind techniques are bound
to be unsatisfactory compared with open direct-viston valvotomy
Bailey (I8) described the technique of passing a valvulotome through
the left ventricle to the valve which was spht by an expandmg
dilator This technique, although abandoned by Bailey and other
Amenean surgeons in favour of a trans-nortic approach, has been
used and developed by others ineluding Brock, who has used it fo'r
most of his cases. Both methods produce improvement in approxi-
mately 70% of patients, and the operative mortality should not he
59,. The immedate operative mortality of the

more than 10 to 15%. h
trans-ventricular route is probably twice that of the trans-nortic
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greater value than elaborate measurements of fitms (5) ‘The angio-
d ie signs are dulat of ding aorta above 38 mm,

measured 1 the left anterior oblique position, irregulanty of shu
famen and variations in aottie wall thickness However, even with
angogranhy stmilar chanmag san Lo veed oon1 1
degenert .
the asce' . . .
ond it muy ue used as evidence of infection to outweigh the implica.
tions of negative serology (6) X

The outeome of 61 patients with uncompheated nortitis has been
studied m patients having reguiar examinations for 3-14 years
{7) Progression to aortic & or farther dilatation of the

Taoe e .

anba romman

G us uut @
abnormal

Aorhie wncompetence vesylts from sortic dilatation and from
affection of the valve cusps which become separated by swelling at
the commussures and chstorted by fibrosss, Routine examination of
syphiitsc patients bas shown that

Hura ot those showing progression beeame

Same a3 occur m other forms
of aortie nrompetence

Coronary ostal sfenosis 1 the psy feardiae i

" Pamin patients
With ecardiovaseylar ssphads X g Paticularly assoviated withy
aottic incompetence, PrESUmably hossrea oo+ "+ -
- .

ual cause of

The presence op
em 3y Probably the chief determinant in

Cular nnd Qffuse aney
late syphulis, 1 slowl;

h
T aneurysmg erge

proghosts

Aneurysm  Sae
manfestations of
Dhffuse or fusifo,

A Cangtal, 5

TYSm, along with other
¥ becomuing lasy common,
o uncomplicated nortitis
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‘CARDIOVASCULAR SYPHILIS

This disease is becoming less common in the British Isles because
of social betterment, public education in venereology and effective
early treatment of syphilis. Apart from the falling incidence of the
primary disease, the incidence of cardiovascular damage in sub-
sequent follow-up of treated primary cases has also fallen. Statistics
concerning incidence of cardiovascular lesions are of Limited value
because there has been no general agreement on diagnostic criteria
either clinically or at necropsy (J) In a recent report of 1330
syphilitic patients referred mostly before treatment for cardiac
investigation, 159, had cardiovascular syphilis and 169 had other
non-luetic cardiac abnormalities (2,

In a study of 749 patients, the inerdence of cardiovascular syphulis
was 14:1%, amongst those doing heavy manual work, Whilst it was
879 1n those doing sedentary work, so that occupation prior to
onset of heart disease may be a factor The age of onset depends
mainly on the age of primary infection. More than half of a large
series had developed climcal signs and symptoms withm twenty
years of the initial infection (4). The incidence of neuro-syphilis in
paticnts with cardiovascular syphilis 1s approximately 25% (I}

Clinical Features

Syphilitic qortatis is the only important condition from the car-
diological pomnt of view, since both syphilitic myocarditis and gumma
of the heart are extremely rare. Syphilitic aortitis comprises (i) un-
complicated aortitis, (i1} coronary ostial stenosis, (iif) nom’c‘ in-
competence, and (1v) aortic aneurysm (63% of 202 cases recognis!
at routine cardiological examinations (2)), whereas isolated aortitts
is the rarest, presumably because of the panaity of signs Two uzeful
points in the diagnosis of aortitis are the high frequeney of a per-
sistently rased_sedimentation rate, and the common occurrence
of thin streaks of caleification 1n the ascending aorta.

Uncomplicated aorhtis rarely causes symptoms, thongh o dull
substernal ache has been attributed toit A systolic murmar in the
aortic area, and a rather loud musical quality of the aortic second
sound in the absence of systemic hypertension may be significant
(5). Diagnosis is more often made on radiological evidence (given
positive laboratory evidence of luetic infection), and improved
techniques havo resulted in more frequent recognition, l'luo.r?q?opy
in all positions by an exy d cardiologist or is of
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prevents the Janseh-Herzhewner reaction which ts extremely rare
1n permaitiin treatment of cardiovascular syphilis.

Pemcillin 15 undoubtedly a safe agent in both complicated and
uncompheated artitss and study of a farge series of treated rases
chows that 1t results in symplomatic ympsosement (13, 14} {\
hintory of penscilhin sensitmity should always be sought, for this
13 & more sertons problem than the Jarisch.Herxheimer reaction A
slight elevation of temperature during the first forty-cight hours af
treatment 1 N0t uncomwon

Pensedtiin alone 13 used m many clines A sursey by the World
Tealth Orgomsation of eurrent practiee in 277 elinics shawed that

2, of the partierpants used penicillin alone for syphihs in general
() However, 1t would seem reasonable to follow peniciiin witha
course of weekly mpections of bismuth (01 G} for ten to twelse
weeks i the ease of syphulitic sortitis

These 13 no general ag!

the type of peniall
or dosage schedule, but a mimmum total of 10 megs units i3
accepted 600,000 umts of procaine pemeitin twice daily duning
ten days of bed rest 15 advised  The final evaluation of pemeillin
therapy 1 cardiovasculas syphihs must await future histopatholo-
greal study, and even when this 1 availatile, control serses are hlely
to be madequate )
Surgical A vanety of techniques have been apphed
to aneurysms durmng the last few decades No more than Jumted
success ean Ve expected having regard to the patholegy of the
ma{;eml \'.\rmu)s n:;ihodt af waging aneurysws have been tried,
and more recently the techuique of wrappumg 1 polythe 1lo-
phane has been vsed with some suceess (1 s?gﬁ_gln %‘;,11:“?; s? the

fibrons tiveue reaction appears to be the chemecals used m the
manufacture of polythene,

which shouldl be impure to be effective

Tllus wethod 1 most useful when applied to fusform anenrysms

gvox; r:;)m ?c:avmnaﬂj. r:rhen an ancurgsm does not nvolve or
ate to main artersal trunks,

with a graft 13 possible (18, 19). Tesseton and replacemend
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“A;rhem!‘}\ e.i\emp,l E 1937 dmer J.Syph 21, 408,
voard, B P19 Bl N Y fead Ao o 383
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and are often associated with nortic incompetence which may gie
some “‘protection” against the formation of a saceular aneurysm.
The male preponderance of ancurysm cases is well known, as are
the other clinical features of morbid anatomy. Radiology provides
essential diagnostic evidence Careful assessment of the saceular
shadow in all views shows that 1t is connected with the norta,
expansile pulsation is good evidence but may be absent when
thrombosis has oceurred and may be confused with aortic pulsation
transmitted to other tumours, linear calcification is good evidence
but rarely occurs in other tumours. Angrocardiography s the most
valuable method in differential diagnosis from other mediastinal
swellings in difficult cases, but even with thrs technique clotting
within the sac may mislead

The electrocardiogram in syphilitic aortitis is abnormal in some
70% of cases (10). The changes are due to the effects of ischemia
and ventricular hypertrophy S-Tsegment and T wave abnormahties
are the most common  Left bundle branch block is not uncommon
when there is both aortte mncompetence and cardiac pain  Q waves
from silent cardiac infarction are unusual S.T depression aﬁfr
cffort may reveal rschemia in a graph which 1s normal at rest asin
the more common forms of coronary disease. An electrocardiogram
which shows variation i the T wave or S.T segment on different
oceasions is not unusual and is evidence of coronary mvolvement
Storey found an abnormal cardiogram n 33 of his 34 cases with
cardiac pam (10)

. Treatment of Syphilitic Aortitis .

All the accepted methods of treatment for heart failure and ungl“fl
pectoris are applicable when these conditions are due to syphilitic
heart disease

Anti-syphilitic treatment should be used m all cases of cardiovas-
cular syplulis There is reasonable necropsy evidence that adequate
treatment with arsenic and bismuth caused healing of active luetic
aortutis (1, 11, 12) However, penicillin has now superseded arsenic
which is potentially toxic, i the treatment of cardiovascular
syphilis. Serious reactions sometimes described in earlier reports are
now rarely encountered Although there 1s no agreement .c?ncem.l?‘.i'

the other hand the more protracted courses ot treatment 1eaus w
default. In any case it remains to bo proved that premedication
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ewrcumference was more thon §om. in 18 of thex‘e o ’I“ha frei;
quency of bacteral endocarditia_in pure _mitral mcm;\pc ence "
hugh compared with mutral stenosis and it affected 10 of BO_Qnsen of
y\?re 1ncompetence 1M U selected weries of hosp}m\ cases (O)A »
Aortic valve disease 13 also A} .tho site of sup oS .
doearditss  Acquired fe agrtiq D N the usua
Jeston, but congemital bisuspid velves, and occasionally incompetent
syphslitic aortic valves are also affected X X

1n 89 necropees of the Medical Research Council series the tricus.
ad valve was affected 1 four cases, but in each of these tl§cre was
also nutral and aortic valve disease “The pulmonary valve is rarely
the aite of hacterial endocarditss but after suceessful treatment with
b exercise tol was ipproved in two cases, and it nas
have partilly reheved the obstruc-

considered that ulceration may
tion {6)
[

TS A

sutme 8% of cases  Uther vameties of non-haemolytic streptocores,
staphyiococer and hemophilus organisms account for most other
cases but {he bt of mdscted orgamsms steadily grows, and Jones (8)
has presented a comprehenstve list of the very rany proven causa.
tive organisms

There 1s evidenee that the proportion of tases due Yo enterocorer
{mcludes streptocaceus finealis) 13 g, these were
responsible for ten of forty-six patients treated at the Mayo Cline
from 1930-1032 (2} In most cases enterococn: affect patients
with argante heart disease, however, there 53 evidence that normal
vafves may be mvolved {30) Brucelln abortus endocardiis s
probably more common than the few reports suggest  In most

reports the aortic valve 1s the site of snfection (21, 12, 13); treatment
s usually wnsyegesstul

Ewidence continues to show thay dental sepa1s provides the most
common focus of infection  Thete Bese apicat abeeesses m 33 5°,
and dental extraction 1 9 8%, of 457 non-hamolytic ‘trzpmcocrz:l
cases (3}, and 489, of the Medscal Research Council series shawed
BE\::NU‘.; x‘ler:\n\ lse{‘ﬂs or gave & history of recent extraction (1)

-intestinal disease and
souree of enteracoeeal mtecnm,iﬂcgm prosedurss may b the

}
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BACTERIAL ENDOCARDITIS

The clinical features of bacterial endocarditis have been well
known for many years, since pemcillin therapy wns introduced
there have been no significant recent advances, but knowledge of
the organisms which can cause 1t and the programmes of bacteriel-
dal therapy necessary to cure 1t have been steadily extended. Acute
and ulcerating forms of bacterial endocardits are raro now that the
primary septic lesions such as osteomyelitis, carbuncle, prieumonia
and septicemin are treated effectively

Age and sex incidence. The disease is rare under fifteen years
(Z)and reachesamaximum incidence between twentyand thirty years
The diagnosis 13 readily mssed in elderly subjects who are not
uncommonly affected The average age was fifty-one in a series of
33 cases of enterococcal endocarditis. There wero 94 cases of
bacterial endocarditis over the age of forty-five m a large series of
necropsies, and four times as many men were affected as women {2)-
Male preponderance was also shown m the older nge groups of the
Mediea] Research Council sertes (I) although the overall sex ineidence
was about equal, below the age of thirty-five years, 549, of patients
were female, and over that age 61°; were male This dufference 13
possibly related to the hugher madence of the more benign aortie
valve lesions in the male There 1s some evidence that males are more
frequently affected by the more virulent organisms (3)

Pathology. TyPE oF Hearr Lestox  In the Medical Rescarch
Council series of 442 eases, the mitral valve alone was affected m
419,  Although the frequency of stenosis and incompetence cc\'ﬂd
not be determined it 13 probable that the majority of patients with
mitral valve disease had dominant incompetence. necropsy con-
frmation of mitral valve disease nlone was avmlable m 29 and
actual stenosis was reported in only 2. In 20 necropsy cases of
bacterial endocarditis the mitral valve nas involved in 19 and the
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. iall

m with p P in cases of ¢ cel i
mfection  Enterococel are the most frequent cause orsenc:us penicil-
Im reustance, some cases have been cured with very }ugh' dosage
pencsilin alone, buy a combination with d:hyx\rqs\reptomycm 13 the
most effective (10), Brucella abortus endocarditis has heen cured
witha of aureomy¢in, streptomycin and dikiydrostrep-
tomyem (I3) ) R

Bactern endocnrditis may follow eardine surgery, twenty eases
tesulted from 2263 operations {I6), # coagulase negative staphylo-
ety H2s ustly Tesponcible Twelve died and s of these were
direct farture of treatment Most organiums were very resistant to

peaiiln, but o response wos oltained to dotes of 5,000,000
30,000,000 umts 1nts 1) bined with int

streptomyein m tome coses,

Lattle is to be gamed by listing and
erythromyem, oxytetracyeline, i N
and the other antibiotics which have been used, beeause ndividual

therapy must be ascertamed by elimieal trial and error together with
laboratory tests

ta

discussing the ments of
hemcol. ohl 1

Caronamide and probenecid {Benerud) are of value with mfee.
tian< of high penseillin restonce  These drugs temporarily block
the tubular excretion of pemeillin, enabling higher blood levels to
be achieved There aro sanawin -2 ¢ 10 s

s~ wud eY dbe ta be discontinued because of the
tenddency to eawse severe anoresia, naused and vor;

sting  they are
not 1 common use g Y
The tpartance of early dugnosis and treatment 15 shown fram =
Stude AF14Q e 1w T s .
freg

sestant organien e utalient in patients with hiehio
which permnittec

ProPuYLATIS
“hould have pe
houts before ar
case af uroly ~
wmbimngmp::m““,‘ ‘mu.u, uereer and Martin recommended

enterococeat l!\fenl\m\(l();l streptomyen beeause of the sk of
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Myocardial lesions. The endocardial lesions (verruccous and
ulcerative valvulitis) aro well known, but the frequent and severe
myocardinl damage is less so. Saphir, Katz and Gore (Z4) studred
the myocardial histology in 76 fatal cases and found combinations
of myoearditis, perivascular infiltration, fibrosis, Aschoff bodies,
infarcts and intravaseular emboli, QRS-T changes in the clectro-
cardiogram showed considerable positive correlation with the extent
of myocardial damage.

Renal lesions ave common in bactenial endocarditis. Minute sub-
capsular hemorrhages are responsible for the “flea-bitten kidney”
associated with o’ focal glomerular nephritis, diffuse glomerulo-
nephritis is as common as the focal form and mixed types occur.
In 100 neeropsy cases 9 showetl embolic glomerulo-nephritis, and in
10 others there was an acute or subacute diffuse lesion (15): of these
23 eases, 14 had evidence of renal insufficiency with uremia

Clinical features. In 168 patients (Z) the mode of onset wasas
follows fever and sweating (63%), cardinc symptoms (30%)
peripheral embolism (20°4), pulmonary embolism (10%,), arthralgia
(179), gastro-intestinal symptoms (6°) and headache (5%)-
Early diagnosis 1s imperative for successful treatment, and in many
cases the diagnosts should be made before the well-known signs such
as finger clubbing, petechie, Osler’s nodes and splenomegaly are
presont. Early diagnosis is a function of the sensitivity of the
physician to relatively minor or vague symptoms m a patient who
18 at risk because of a particular kind of organic heart discase.

Essentinl 1nvestigations are hamoglobin estimation, erythrocyte
sedimentation rate, leucoeyte counts and bleod culture

Treatment. Penicillin remaims tho antibrotic of choice for most
types of infection. It should be started with the first positive blood
culture or on strong clinical evidence without positive culture
The mmimum doso 1s 2,000,000 wutts daily for five weeks Many
patients require more and the dose should be doubled every forty-
eight hours or so until fover 15 controlled It 1s probably moro
satisfactory to try doses of 8-12 mega units a day before addmng or
replacing with other anttbiotic drugs, at this point of treatment ina
resistant case, bacteriological tests should have been completed,
and an appropriate drug or combination of drugs may be chosen
from among the many available However, the elimcal response of
the patient must determine the proeess of trial as ~ometimes thero
are considerable differences from the response predicted by 12
wtro testing. Individualised therapy is mdicated in all cases.

Streptomycin 13 probably tho next most useful drug when wed
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from the United States (1(, 52, 3’,1%, 8 Ag::l:: :f:r;‘: ::; s‘r: :\:‘;c::d(
opderate (§). The sympto

t::dll?\a:zg:c%:n from \v)h'mh it must be distnguished \twc:;:xso
of the great dfference in prognosis nr}d future mur}ag(c‘nl\’cf\ . g
cardiat pain occurs in over 802, (3}, 1t s often H\.‘L‘nslﬁt’ b g R‘;P' o
tion and usually starts abruptly, it may radiate centril ‘:1%;.\ i)o e
does the paw of coronary disease. ‘The most common o

symptoms ate those of malase, fever, c?ugh,'dyspnma and vort:n ug,
Y’emmdia_\,_ﬁlctmn is the 1mportant sign, it occurs soon alter he

Fro 41 Acute bemign pericarditia with large effusion (a) and
resarption two months fater (6), This patient has remamned
normal for 5 years,

anset of pain and usually lasts from seven to fourteen days, but
may persist for many weeks Fever.and leucoeytosts are common 1n
the early stage (2]

Ratiology shows enlargement of the eardiac shadow in some
50°, of cases, although this 13 probably due to pencardial effuson,
cardjae difatation cannot always be excluded without more elaborate
methods (Fig 41)

The electrocardiogram shows changes depending on the phaso
of aetivity and the presence or otherwise of effusion At first the
electrocardiogram may be normal 8-T segment elesation 1s usual
m antenor and postersor chest Jeads m early phases, T wave 1n-

version may be apparent when the S-T interval hecomes 1soelectric
Sulsequently the electrocardio;

gram becomes norraal in the wast
majonty *

Recurrence 13 common and sometimes oceurs several times 1 the
manths following the mitial attack Qne patient had 19 separate
attacks and showed no resdual damage (7) The proguosis js
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PERICARDITIS

Inflammation of the pericardinl sac may be acute or chronic
and associated with slight exudation or massive effusion It may
result from trauma, almost any infecting organism from virus to
motazoal parasite (sec p 156), all types of collagen diseaso (see
rheumatic fever, p. 95 and collagen discase, p 158), blood duseases,
cardiac infarction, metabolic disorders, mfiltrating tumours and
unknown agents The symptoms and signs are largely independent
of the cause. Pain and pericardial friction are associated with acute
exudation, and tamponade with more extensive effusion. X

During the recent past there have been advances in the recogul-
tion of causative organisms, more frequent reeognition of idiopathic
or benign pericarditis, the development of treatment for early tuber-
culous pericarditis, improved techmques m the recognition I.:.lf
percardial effuston and a clearer understanding of the hemodynamie
disorder of tamponade and pericardial constriction (sco p 140).

Benign, Idiopathic, Primary or Acute Non-specific
Pericarditis
The titles of this not uncommon condition mdicates our ignorance
of its wetiology, but it is probable that virus mfe?tion 15 responsible,
as upper and lower resprratory tract mfection is o common ante-
cedent. 1t has heen reported with increasing frequency, especially
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hsease with the deselopment of pericardia‘l effusion. Tn sox}xi
cases the first features of disability are nssocmte:d with yencnrd“l
constriction without effusion  In the gr.eat wmajority of eases the
disease steadily progresses with increasing dm'ln!xty fm.m unre-
solved effuson or the development of v:nmmci\.ve.pemz\}x\\\'\i
Occasionally, however, the disease is not only insidious in .1ts
onset, transient 1n 1ts course, but ends mn complete resolution
(3} The mtial symptoms may range s far apart as shme .Of
upper respiratory infection, rheumatism or gastro-intestinal dis-
order

The electrocardtogram shows varying degrees of non-specific
1 soved i
wi

¥ ditis  Radology shows an
enlarged eardiac shadow when there 15 effusion

Dufferential dragnosis 1s essentially from other forms of pericar-
ditis and the xtiology 15 confirmed by demonstration of the tubercle
bacllus m pericardial fluid ot on presumptive evideace of tuher.

wieusy  LURELET Ueath may ensue in the early stage of the disease
o serious tamponade 15 not rehieved by asprration  Prior to the use
of anty tuberculous therapy, the mortality rate in the first year after
the onset of symptoms was 50%% n primary tuberculons percar.
ditis ¢} With eaxly treatment mortality should now be less than
10° n the same period Qé--—s-

grammes darly should be

INAH In endy cases,

<edirentation rate, we ha . ... cowpicie tesomtion of all symp-
toms and sighs and laboratory evidence of activity as early as six
weeks Many reports have now conclusively shown the great value
of streptomyein treatment 1n early cases  After aspiration of the

sae, reaccumulation of effusion may be a problem Streptomyein

lgm disolved in 2ee of water wjected mta the perieardmm at

each aspiration may aid rapud recovery (5}
Progxosts A sned e N

ment It 15 worsc

when thete 13 cart
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essentially good and.most investigators have stressed the absence
of sequele, but 2 cases developing pericardial constrietion have
been reported ; neither clinieal features nor histological examinations
suggested a tubereulous or rheumatic mtiology (§) We can con-
firm this.

Treatment. Many antibiotics have been tried without appreci-
ably altering the usual course of the disease, but cortisane has been
assocrated with rapid recovery (5). Paracentesis of The pericardiuvm
may rarely be necessary for tamponade.

Differential diagnosis 1s from cardine infarction. Important points
in benign pericarditis are that the chest pain is aggravated by
respiration, thero is often a Instory of respiratory infection, pesi-
cardial friction is ecarly, widespread and persistent The electro-
cardiogram does not show QRS changes other than slight drop of
voltage, X-rays may show effusion and the disease tends to relapse
although time roveals its benign nature
Feder, 1. A et al, 1950. Amer.J. med Ser. 220, 144
Brown, M. G. 1951. New Eng J. Med. 244, 666
Carmichacl, D. B. et al 1951 Circulation, 3, 321.

Parker, R C., Cooper, H. R. 1951 J. Amer med Ass. 147, 835
Scherl, N. D. 1836. J. Mount Sinar Hoep 23, 293

Davies, D H. 1952, Brit HeartJ. 14, 308

. Tomln, C E etal 1952 J Amer med Asv 149, 1215
Krook, H 1054 Acta med Scand 148, 201
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Tuberculous Pericarditis N

Along with other forms of tubereulosss, infection of the peri-
cardium is becoming rare A recent comparison between a series
of cases observed in the U'S A between 1930 and 1937 and a second
series between 1930 and 1957, showed that the incidence of all
necropsies was 0 7¢;, i the 1930 group and 0-38% of all necropsies
in the 1950 group 70°%, were negro in the first sertes and 50% 1
the second (I).

All stuches show a preponderance of males, middle-aged adults
are mostly affected but no age group is immune Tubereulous
pericarditis may bo isolated (primary), or part of generalised discase,
even in primary cases the infection probably spreads from the
mediastinum, Effusion occurs in many cases early in the disease
and the infection may be demonstrated by smear, culture or guinea-
pig wocnlation of aspirated fluid m a large proportion of cases (2).
The onset is often inwidious: there may be no symptoms, or symp-
toms ranging from a vague general malaise to thowe of acute
pcricm’diﬁ" with pain and fever. Venous pressure rises early in the
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5 Aation time is profonged in
0! of normal (5) and (l\c'mrc\l ! i
o el:/D'l“’he Yeft and right atrial preseures may L:c nl'mut .t)|u;
;“a(:;z e:tselsf‘() mm Hg The high venous Im-s%urchm l‘el\:\iz
t 3 re o Cl 8
in  raied Jugular Yenous pressure Wae
t‘:::i?;‘\‘::t:i\t: :h‘:\\s (h!e sharp diastolse collapse (5" descent)

o at

Fio 42 Severe colosfication of the pericardial suc

when the trieuspid valves open, and a lesser dip with ventrneular
systole {“x™* descent) (Fig 47}, The restriction of ventricular filhing
leads to & very rapid rice m pressure after the nadir in early diastole
which 15 folloned by & plateau prior to ventreular systole,
Smular pressure pulses exit on the left mde and the hgh
pulmonary venous pressutes lead to a rve i pulmonary capillary
uand pulmonary artery pressures in some raes. The hemodynamie
changes produced by restricted filling also develop i some eases of

domyop y, particalarly in end okl
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Constrictive Pericarditis

Although commonly called Pick’s_disease, most authorities
prefer the title chronic constrictive pericarditis because its morbid
anatomy and some clinical features were clearly described long
before Pick associated the disease with hepatic damage (1, 2}

The present concepts of wtiology, hemodynamics and treatment
of the disease have developed in the last thirty years. However, the
fully developed syndrome of constrictive pericarditis is now relatively
uncommon and will become more rare. Males are affected more
frequently than females.

ZAtiology and pathology. Tuberculosis is the cause of pericardisl
constriction 1 the great majority of cases, although evidence is
often indircct. The evolution from acute pericarditis to chronic
constriction has been observed by Pickering (3) We have seen the
full picture of severe constriction develop in a fen months but
mostly the process takes much longer. Evans and Jackson )
found close contact with tubereulosis in 6 of their 30 cases and there
was evidence of active tuberculosis in lung, glands and a joint in
4 other cases. Tuberculosis was 1dentified as the result of operation
m 3 further cases. It 1s probable that a few cases have resulted {rom
pyogeni¢_pertcarditts, haemopericardium (due to trauma, hemorr-
hagic disease or cven cardiac infarction) and virus pericarditis (see
p 136) -

The morlnd anatomy has an important bearing on surgical treat-
ment The heart 1sencased toa greater or lesser extent ina thickened
obiiterated perrcardial sae comprising various stages of organi\‘ed
exudato from soft pultaceous material to caleified plate (from 1 mm.
to 5mm thick) Chromic pertcarditis 15 often densest in the atrio-
ventricular suleus and the interventricular groove When the Jeft
atrio-ventricular suleus 1s encased a sort of external “mitral stenosis”
results Caleifieation has occurred 1n the sac i one- to tuo-thirds of
patients by the time symptoms have developed. The myocardium ¥
not seriously damaged but the subjacent muscle 1s often the site of
inflammatory changes which bind it to the wisceral pericardiunt;
however, in some patients the pericardium and epicardium remain
distinet (Fig 42)

Heemodynamtics. Many physiological studies during the Jast
decade show that the most important effect of constriction is the
limitation of ventircular diastolte filling, emptymg of the ventricle
15 probably also affected (7, 2, 8 Restricted filling leads to low
fixed cardiac output per munute. change in cardiac

relatively
hange in heart rate Stroke volume is reduced

output depends on ¢
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Fio 43 Comstnetne puwarditis  Upper phonocardiogram
~hows early diastolie sounds (E D S ) of comparable intenaity
to the first heart sound and ‘ louder™ than the sccond heart
sound (2) The wnterval between the onset of the second sound
and the deflection of greatest amplitude m the ED S 130 1 sec
Lower record 13 from the same patient after successful operation
The ED S has been replaced by & small third sound {3), The
wtersal between (2) and (3) 18 018sec LSE = left sternal
alge LF = low frequency
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Symptoms. Dyspneen is the most common presenting symptom
{4, 5). Pleural cffusion, pleuritis, increased stiffness of the lung and
high diaphragms from ascites may contribute -to the dyspnaa
The next most common complaint is of abdominal swelltng and this
is usually associated with less noticeable swelling at the ankles
Swelling of the faco, tightness of the neck and a sense of congestion
when bending down are other symptoms. Unusual fatigue is quite
common, as are also cough, and vague aches and pains in the chest
Symptoms are often fow and slight, in this disease signs are much
more important.
~ Signs. The signs are directly related to the alnormal hamo-
dynamics, The jugular venous _pressure s essentially raised and
tends to rise higher on deep inspiration (Fig 55). Steep “y” descents
are readily seen. Hepatomegaly, ascites and cedema are present in
advanced cases Peripheral cyanous is common and associated
with a small pulse and other evidence of low output The average
systolic pressure was 112 mm 1n one large series (5) The apex beat
is often impalpable, heart murmurs are conspicuously absent.
The first sound 1s usually not remarkable, the second sounds are
mostly normal but the interval between them may be a little Jonger
(varying from 0 04 to 0 I scc.) than in healthy subjects (£). The most
important auscultatory sign is an additional sound mn early diastole
which is present m the majority of patients It is usually Joud and
snapping and oceurs at an average time interval of 017 sec. after
the beginning of the second heart sound (9) This sound becomes
softer and later m dtastole after successful aperation This sound
appears to be associated with abrupt halting of rapid right ventneu-
lar filling, it is usuelly higher pitched and carlier than the third
sound of ventricular failure. Its occasional absence does not
exclude the diagnosis (Fig 43)

Tup ELECTROCARDIOGRAM The “P” wave is abnormal m the
majority of cases showing prolongation and notehmg () The first
peak is usually lower than the second in left-sided chest lcndj,
ndieating a tendency to left atnial preponderance  When there is
atrinl fibrillation the “f” waves are not remarkable The QRS \voltnge
15 ustally normal, “Q” waves are never present The “T wave 13
almost invariably low, flat or inverted The degree of “T” wave
inversion is rclated to the degree of mnflammation in subjacent
myocardium Evans and Jackson (4) found that this was a means
of predicting the degree of difficulty encountered in stripping the
pericardium from the heart (Fig. 44}, .

Raproroay. Cardiac pulsation 1s diminished 1 many patients,



TREATMENT b

The Mantoux test 13 usually positive. Liver funchion fests
:ﬁ:\:'):);rymg degrees of abnormality. Serum lnlu:ubm n:(\l'er.shlz\;s
more than shight elevation Luver biopsy is rarely {ndnm( é in (ﬁ
standing cases with much hepatomegaly and ascites, the egrceoml
congestive crrrhosis may be such that ascites \}1\1 persist aft?r a g ool
penicardial resection (4); even so, operatin is not contra-indical
by severe cirrhosis .

3Dm‘mu:.\ _ Duaovosis s from cardiomyopathy causing
chrome heart faure  Strong evidence for constrictive pericarditis ¢

ooy oyt

|
Valsalva @ 50mm g ' ‘x

Fro 45 Constrictive pericarditisArtenal pulse tracing shows
“square wave” response to the Valsalva manceuste Jugular
enous pressure was 15 cm above the sternal angle at 43°

(1) a relatively small heart, (u) the presence of any caleification
the pericardum, (1) steep “x™* as well as *y”" descents 1n jugular
venous pressure, (iv) left atnal “P” waves exceeding nght, and
{v) the absence of “Q" waves (8)

Treatment. There are a few patients with very mild symptoms
and evidence of only shght constriction who can get along wathout
surgery and for whom moderate medical measures suffice {2}, in
all others, operation 15 indicated  Cardiac decompression 12 now an
established satisfactory operation resultng 1n refief of symptoms
m some 709, of cases, however only a few entirely asymptomatic
patients show entire restitution of normal dynamics  Many patients
ha‘va ow been followed from operation for two decades Anti-

therapy with ptomyem, INAH and PAS, should
be used a3 a cover for operation and for & prolonged period before-
hand of fhem 18 any evidence of activity Burwell has fofloned

upto?7 I} ion and almost alt show

ed some
abnormality, but most were able to work and lead nearly normal
Uves (10) The success from o 1sd d by the foll
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the distribution of quiet areas varies according to the location of
pericardial thickening. Sometimes there is excessive pulsation in
other areas. A sharp outline to the heart is due to dimimshed
movement. The cardiac shadow is somewhat larger than normal in
two-thirds of patients; 1t is never great. Some distortion may be
eaused by a large Irver, ascites and consequently high diaphragms
A barium swallow may show left atrial distension as in mitral

Fio 44 Electrocardiograms from three cases of constrietine
pencarditis showing bifid P waves as m mitral stenous T wave
mversions in first and third cases in “left ventricular” leads

stenosis, Caleification of the pericardium 1s present to varying
extents in many patients (Fig 42) Sometimes it encases the heart
completely. (Cecur en Cuirasse )

The absence of ealetfication does not exclude the diagnosis. The
supertor mediastinm may appear to be widened because of a
vena-caval distenston and adjacent pleuritis  Hilar congestion 1s
not usually prominent, but hydrothorax and pleural thickening are
common findings.

Orner InvesTioatioxs Cardiac catheterisation is mostly un-
necessary for diagnosis, but a full study of heemodynamies may I'xelp
1n assessing severity and the presence of unusual sites of constriction
Neither studies of the circulatron time, nor of the erculatory re-
sponses to the Valsalva mancuvre (Fig 45) are of special value as
both may be near normal and m fact seventy may be effectively

-3 e amact ancas hy olimeal means and in those cases where

: : nmation, but it
usive; o normal sedimentation rate docs not exclude

is inconel
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actwvity The Mantous test is usually pmiti\-eb lLﬁb-e'r funth':nl l(e).‘;‘li
& ity. Serum bilirubin never shows
show varyimng degrees of abnormality. Ser i er
;\zm thg\ sl%ghtgele\'sfmn Liter biopsy is ravely mdicated; in longr
standing cases with much hepatomegaly and Pscxtes_, the degree :d
ccnges(‘l’ve currhosis may be such that ascites will persist after & gocd
pencardial resection (4), even so, operation 13 not contra-imdicat
by severe curhosis. . .
)Dmn:m—:.\mx., Duaoxosis is from mrdwmyopath): cavsing
chronc heart fature  Strong evidence for constnictive pericarditis 13

|
Valialva @ somn g ' |

Fio 45 Constrictive penwcarditis  Arterial pulse tracing shows
“square wavs” response to the Valsala manoemsre Jugular
venous pressure was 15 cm above the sternal angle at 45°

(1) a relatively small heart, {n) the presence of any calcification in
the pericardmm, (1) steep “x” as well as “y"” descents in jugular
venous pressure, (1v) left atral “P" waves exceeding night, and
(v) the absence of “Q" waves (§)
Treatment There are a few patients with very mild symptoms
and evidence of only slight constriction who can get along without
surgery and for whom moderate medical measures suffice (1), n
all others, operation 1s indicated  Cardtac decompression is now an
established satwsfactory operation resulting in relief of symptoms
m some T0% of cases, however only a few entirely asymptomatic
Ppatients show entire restitution of normal dynamics Many patients
have now been followed from operation for two decades
b 1l therapy with st

Anti-

" ptomyem, INAH and PAS, should
used as a cover for operation and for a prolonged period before-

hand if there 13 any evidence of activity Burwell has folloned
patients for up to 27 years after aperation and almost all showed some
abnormality, but most were able to work and lead nearly normal
lives {10) The suecess from operation 13 determned by the following
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factors: (i) the degree to which it is possible to remove the con-
stricting scar from the ventricles; (ii) the presence or absence of
continued activity of tuberculous infection; (1if) the extent to which
underlying myocardial fibrosis complicates the pericardial constre-
tion; (iv) the presence of constrictive pleuritis; (v) the degree of
congestive cirrhosis (according to Evans and Jackson this s the
most important factor (£) ); (vi) the occurrence of atrial fibrillation;
(vii) unrelated burdens such as obesity, pregnancy, valve disease,
renal and pulmonary disease; (viii) the development of systemic
hypertension after operation (10)

Provention of constrictive periearditis by anti-tubereulous
therapy early in the course of tuberculous pericarditis 15 now
possible (see p. 139).
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CHAPTER 3
MYOCARDIAL DISEASE

A vARIETY of diseases whuch affect the myocardium are considered
1 this chapter The commonest causes of myocardal damage are
h e

anmn il v Blasmmandarn fonm thrma thom

affect man. Congenital, inflammatory, neoplastic, metabolie,
allergic and degenerative Processes Ay OCTT, and t\\es{': Troad
groups form n satisfactory bams for classification, but there is much
to be smd for o dirision mto myocarditis and myocardosis (1).

\ dit1s beng lated with andmy iswitha
varety of non-infectious dasorders

Primary myocardial disease may caunse varous symptoms but
thowe due to chromc biventricular failure are the commonest.
Syncope and sudden death are features recorded by many writers
(1,2, 3, 43, 6) In chrome heart failure from cardiomyopathy,
venous pressures are often high, the venous pulse may show a
wave from tricuspid incompetence, a domimant “a” wave from right
ventricular hypertension, or a Betnheim effect; sometimes a steep
*y ' descent partienlarly contmbutes to the difficulty of dgnosis
from constrictive pencarditis (Figs 46, 47 snd 63)  Murmurs are
conspicnousty absent although a pan-systolic murmur of functional
atno ventrieular valve incompetence may be heard when there 15

great cardiac enlargement with fature  Gallop rhythm is usually
present {5)

Electrocardiograms show all the varying degrees and types of

abnormality from muscle disease. Xerays likenise show a wide

::nge of cardiac enlargement depending on the type of diseaso and
o trom ettt BN

i Blanerhorn, M, Gall E A 1956 Cerout,
2 Saphur, O 1942 Amer Heartd 24,005 > 2
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Fia 46 Left ventricular hypertrophy ({cause unknown)

causmg “‘grant” “a” waves recorded mn right atral pressure
curve and large right atrial P waves m E € G

P—r,‘i‘H—L-HM zﬂ-_r;]
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Fra. 47. Right atnal pressure curies showmg lugh venous
prosauro and stecp *y” descents in (a) cardiomyopathy and (b)
constrictive pepicarditis. Synchronous EC G above
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foilure,
Fi. 43 Large P wsieq sssociated with chrome heart
n;:ﬂ sonomaities of QRS wnd T wanes m eavdwmyopahs - (2
ditis, (b) farnulsal {¢) puerperal ditis,
and (1) amylordosis  Abnormal Q wases in {a), (b} and (d}

Fra 49 Canhsc enlargement with stencilled onilime due to
duninubed movement, No pulmonary eongestion  (g) Puer-
peral rditis (b} Chromto rdits after

wnfection
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4
4
4
Iy
L
I

F1e. 50 Wide rango of abnormalty seen on histologteal exam-
matton 1 cardromyopathy  First section shows amylod
material (A) Second 13 from alcoholie cardiopathy showmg
loral necrosis (B} and mural thrombosis (C)  Third section 1sof 8
case of familal cardiomegaly showing great fibrosis (D) and
mural thrombus (E). Fourth section shows ncerosts of fibred
and cellular reaction probably due to streptococcal nfection

CONGENITAL CARDIOMYOPATHY

A distinct familtal heart disease was described by Evans in 1049
(Iy Other examples of affected familtes have been reported sinco
(2, 3, 4, 5) Serious symptoms appear late Palpitation, slight
giddiness, syncopal attacks, cardiac enlargement, gallop thythm and
a famuly history of premature death or similar disease are charac-
tenstic features. The electrocardiogram usually shows gross con-
duction defects (Fig 81) At necropsy, the hearts are large, having
weights which are heavier than those found in other cardiopathies
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i ation shows giant fibres with vacuolation wnd
!\;7(:::2}1? ‘::xloxex;:::n:; fibrous tiwsuE: l\hhoug\\ ane ease {6) a\\owc(“;ltt
eeliuiar reaction as well  The ’pmhelon%\cal pi:om:l ‘pnis}“\l)‘eﬂfo ;)e
progresces from eatly e ond some subjects die S\‘l & mﬁ) hefore
symptots develop. In others, the progress of Athe my oci\f‘l ) sion
may be oherved by Xotay and the electrocardiogram, whid \;;r vide
evidence of contimuously tnereasing musele damage. The ! “tl ogy
13 naknown, and there may be different causes for the several types

Fig 51 Familal cardiomegaly Sinus rhythm: sentricular
extrasystoles  duration of QRS prolonged. Q waves due to
fibroess i leads T, 11, snd V4

of familial beart chsease There are
4. )

FOp 1 with g the type
desenibed by Lvans, and further differences were seen m a fapuly
where five of nine siblings and one of their children were affected
by cardiac enfargement nssoctated with a systolic murmur suggesting
o degree of aortic stenoss, a mild degree of subaortic stenosis was
found at necropsy i two of the cases (2) It may be that these
diseases are hereditary and famuhal hike Friedreich's disease and
possibly inhented as & Mendelian dominant {4} When two genera-
tions are mvolsed the maternal parent is atfected m most cases (3).
Thus may mean that the diseaso is more lethal m males who con-
sequently do not reach an age to transmit the disease or that there

15 sex Iimkage, or posshly that the disease 15 the result of an in.
trauterie mfection such

x as toxoplasmosis with special affinities for
l(geg), (7) Ena, fibroef is may also be famihial

differences between the car-
Jogteal )

Much more mformation i necessary before the fanubial cardse.
myopathies are understood

In all cazes of obecure or apporent),
volated myocardia) disease, a full family hastory should be ubminet{,
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21 26 30 EVANS
LY P 3 (1949)
76 78
LI U AL B

o 12 i8S DIE Young )

of heart-disease, 4 aged 23-40

GAUNT £, LECUTIER CAMPBELL AND 'ruinzn%wmwmk
{1356) {1956}

o ¢
16 38 409‘1% ?25 ]\{a :—_i DAVIES (1952)
children
ond seven
hi

grandchiidren
All healthy

36 l%:_(;) 39
§35% hddyoGed

PAULLEY et al (1954,1956 )

2i
53 53 8

M F

0 O Healthy { Sex unknown

N @ cordiomegaly Numerats, age ot death
0 @ Presymed cardiomegaly

Fra 52 Pedigrees of some families reported mn the hterature
showing more than one member affected by cardiomyopathy.

and i some cases, radiological and electrocardiographic examunation
of apparently normal members of the family should be made
(Fag. 52}
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MYOCARDITIS {CARDIOMYOPATHY DUE TO
INFECTION)

Myocarditis 13 the obvious term for this group and its use who_\ﬂd
be restricted to those condstions in which there is rea:unnb}e ('hn}m\
or pathological evidence that the disease is d\3e to an infection.
Most known organisms ranging from nmskdxsgnse to metazoal
parasttes have been found to affect heart muscle, mdeﬂ\ more than
fifty causal agents have been listed (7). However, it is rare fqr heart
disease 10 ocour as the only mamfestation of such an infection and
when the heart alone 15 affected 1 is unusust to identify an mfecting
organism, even when there has been fever, leucocytosis and raised

rate, and a pretuse of acuie or subacute
mflammation at necropsy

Virvs Diseases  The_mfluenza virns has been shown to cause
myorardits  {n two cases of acute non-bactemal myocarditis

1ugreny teatures are sutlar to those found in poliomyelitis thaugh
foss frequent (vide infra) o the recent epidemuc of Asan mflvenza
evidence of myorarditis has been shight and extremely rare. Thurty-
five cases of fatal myocarditis attributable to acute nasopharyngeal
and tonsillar infections have been reported (9}

Myacarditis 15 a common feature_in pohomyelitis and s pre-
alence probably varies n different epidemics  Hostological ex-
ammnation may show shght changes with dema, capillary dilatation
and pe X il with lymphocytes and polymor-
phanuclear lencocytes  In more severe cases the myocardul fibres
are damaged, there may be a foci of mononuclear cells and some-
tunes a widespread snterstitial reaction  Dolgopol and Cragen {3)
found 16 cases of fnta)rmg ocarditss 11 92 cases dying in the acutn and

ronvalasnent cba

Canitunle wad no
vsnious myocarditis. The lesions ste smilar to those found in

mfiuenza A infection and are probably

T probably produced by the direct

\;\\vaqm of the yohomyelitis vaeus which has been recyowred from

d‘::“}‘x heart m\ﬂ;\eby teansfer to monkeys (6) Some of the my acar.
chianges might be due t 8, whi

s o gkt | o chrome anoxia which oceurs m most

The ehinteal recogmtion of cardine wvolvement 1n pohomsy elitis 15
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difficult. The signs are few and are difficult to disentangle from
those produced by general illness and those due to respiratory
trouble. Although both endocarditis and pericarditis are known to
oceur, clinieal recognition is not usually possible. Arrhythmias are
common; hypotension, shock and so-called peripheral failure are
serious aspects and have a bad prognosis. Congestive cardiac
failure may appear but 1t 1s unusual, sudden death 1s not uncom-
mon

A mild elevation of blood pressure may appear during the acute
stages () Hypertension occasionally tends to reach malignant
levels and rarely hypertension may persist. Most cases of transtent
hypertension are caused by hypoxia, but hypothalamic lesions may
be responsible m persistent hypertension Pulmonary edema 1s
not uncommon in severe poliomyehtis and may arise withontevidence
of myocardzal disease; 1t may be due to several factors mcluding
hypoxie, vaso-constriction, overhydration, oxygen powsoning, or-
culatory changes mdueed by artificial respration, and to the myocar-
ditis itself.

The electrocardiogram in poliomyehtis shows that myocarditis
1s very common The whole range of non.specific abnormalities
may be ered including conduction defects and arrhythmia
Theso abnormahties vary between 15% and 35%, in different series
and they appear withm the first ten days and often last for several
weeks,

Infechious hepatitis may be associated with myocarditis although
as in the case of most other virus diseases myocardial damage is
rarely of clinteal sigmficance. The many strams of Covsacke virus
are known to produce generalised and focal myopathy and some o.f
the strams may produce cardiac damage Isolated myocarditis
may be the only manifestation of mfectron with this virus 7, S
Ten mfants from the same maternity home became 1], six died, and
necropsy was carried out 1n three, an acute focal mnterstitial myocar-
ditis was present, and thorough virus studies showed that Coxsackic
(group B) virus was responsible (7)

Ricketisial disease Myocarditis has been observed 1n all fatal
forms 509 of fatal cases of epidemre typhus, 50°%, of 19 cases of
Rocky Mountain Fever, and all of 227 cases of Serub Typhus sho\\(td
lustological evidence of myocarditis in one large series (1), but, asin
other infections, the metdence of myacardial lesions vartes in llfﬂ'crﬂfl
epidemics  Vessels of various sizes are affected, and there is peri-
vaseular infiltration, nodule formation and diffuse interstitial
change (9) The vascular lestons tend to cause thrombotic ocelusions
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and multiple small infarcts, acute c\rt\x\ate'\'y failuee may'r‘eiu{“
(10} The QRS-T complex of the electrocardiogram shows slight ‘u
great abnormality, but retum to the normal appears to be Jnvariable
with recovery from an attack of typhus fever,

Racrzriat, Myocarorrrs This may compheate any of the known
speafic bacteral fevers, but it s lncremingl)"mw 'l‘h'e most
important effect of specific bactenal infection i3 by an mdm.:gt
action of which theumatic carditss {see Chapter 2) and diphtheritic
myocarditis are the well known common examples. Searlet qur
may cause a myocarditss {other than ie) in perhaps 69
of cases (II} Diffuse parenchymatous and foeal interstitial re-
actions have been abserved. \Whilst it is generaily considered that
recavery 14 complete, it 1 possible that healing may resultin fibrosis
which appears as a chrome cardiomyopathy many years later {{2)

Diphthera With the mereasing use of active immunssation
dephthertti difts 18 beeoming 14 remmns, how-
ever, the most serous sequel of diphthentic infection, and is re.
sponsible for more than half of the deaths from diphthena (13).
There ate 1o very recent zdvances m knowledge of any aspeet of
this conditton  Myocardial cells are primanly damaged, but an
nterstitial reaction oceurs which may be a non-speafic response to
musele death  The chimeal pieture vanes m intensity and m severe
cases the development of hypokmetic faslure or severe hypotension
carries @ bad prognows The electrocardiogram shows varous

b I Cond Qefects are

pecally common, and
con;ple(e heart block may lead to Adams-Stokes’ syndrome
7, I, %) Te o

op - T i may invalve the heart
m both s congenttal and negqwred fo

rms The orgamsm has
been observed 1 heart muscle m the acquired generalised form

(14, 75, 16) The mvocarditis 3 usually part of the generaled
tiness but accosionally

u it may be the pre-enting and dommany
cature of the dwease {17) 1In one case, proven by inoculation of
heart musce into o mouse {18}, a diagnosis of non-spearfic myoear-
ditrs had been made the patient developed progressive heart.
falure, and died some four months affer the iiness started The
dye test and complement fxation tests for toxoplasmosis were
y;;w\tkwe n hfe  The eleetrocardiogram showed left bundle branch
“(occ&u"l“he ‘l‘\fan muscle was hypertrophied and there were focr
—r " the seetions, bat the tovoplaama argamen was not
Fawilial cardiomyopathy may result front tox < 2
ek cases 1t 1 uncrttan whether the lemn:\‘fli:sméimnﬂc?x‘r;xlx‘?c'
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acquired form or truly congenital: it has been suggested that
pregnancy may reactivate toxoplasmosis in the mother, resulting
in foetal infection, If the relatives of patients with known cardio.
myopathy are investigated, evidence of unsuspected heart discase
may be shown by cardiomegaly on X-ray examination or a patholo-
gical clectrocardiogram may be found. It is clear that in cases of
subacute myocarditis, familial cardiomegaly or isolated chronic
cardiomyopathy, the possibility of toxoplasmosis should be eon-
sidered.

- Trichiniasnis. It js now well known that the heart muscle may
be infected in trichiniasis. The parasite may be scen in heart
muscle, but this is unusual even in cases where there has been clear
evidence of myocarditis in life Trichiniasis may be mistaken for
rheumatic fever because of arthralgia, fever, epistaxis and electro-
cardiographic abnormalities. Ventricular ectopic beats may oceur
and the T waves may be inverted; these signs of myocarditis may
disappear with the administration of ACTH or cortisone. It has
heen suggested that cortisone suppresses the inflammation following
the invasion of the larve trichinella wlich later become encysted
(22)
Trypanosomiasis  The myocardium 1s damaged in both the acute
generalised and chrome forms of infection with the trypanosomum
cruzei (Chagas’ disease) (23) Interstibial myocarditis, and even
extensive necrosis of musele may be found in the acute form.
Chagas’ discase should be regarded as an essentially cardiotrophic
mfection by schizotrypanum eruzet The heart is affected m most
cases The acuto form occurs mainly in mfants and children. In
chronic cases, arrhythmias and conduction defects are especially
common. Sometimes chronic lesions of the heart are associated with
megacesophagus. Males between twenty and fifty are more often
affected than women.
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Puerperal Myocarditis
Heart falure amsing towards the end of pregnancy or in the
° * - amn of the usual causes of heart
1sease unrelated to toxemia
. wnd m some patients recur-
renee 1n a second pregnancy, suggesty nat the relatiguship to preg-
naney 18 not a comnerdence The condition s not wigely recogred
aithough there have been several descriptions of the disorder since
1937, when cases with cliueal findings confirmed at sutopsy were
vecorded (1,2} recently there has been renewed wnterest (3, £, 3, 6)
In one senes (6) of 15 cluncal cases 13 were negroes Necropsy
showed patchy damage to the muscle with foci of muscle necrosis,
o 4 - Tance fufiee woe wamly

recovered from the attack Twin births are common at uesvuy
from the pregnancy concerned ‘The xtiology of these cases 15
quite obseure  An analysis of 18 cases of heart Sadure oCeuITIRg
m the puerperum {7) suggested that one or more of several
causes may be active, some were asocated nith toxwmm,
. N . PPN (O Lfferemtin)
s,

t1s

1Ml B, Haflesbvng, © 1937 New Oleans M & § J 89, 850
2 Goulley, B & etal 1037 Armer J med er 102185
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CARDIOMYOPATHY DUE TO COLLAGEN DISEASE

The heart 13 affected m a varying degree in all of the so-called
collagen diseases, but 1n many eases cardiac damage 1s only an
insignificant facet of generalised damage to organs Hypersen-
sitivity myocarditis and serum stckness, polyarteritis nodosa,
systemic lupus erythematosus, rheumatoid arthritis, scleroderma
and dermatomyositis are included 1n this section, but rheumatic
fever which is the most important collagen disorder from the heart
point of view is considered separately (Chapter 2).
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Hypersensitivity myocatditls and allied conditions. 'Th(-so
ate rate conditions and httle 1s hnown about ﬂ.mm‘. The em:a’(.ﬂ.\‘cc
of neate or subacw’- e cerow :
to drngs and other
carditis 33 modtly ©
ativity which affed! "
sagiitis)  The lesions tend to be homogeneous, located within the
viscera and interstitium, and show an exudative type of reaction
1,2} To contrast, the lesions of polyartenitis nodosn affect the

Targer vessels and are heterogencous, showing vanous stages of
development

Heary metals sulnhonamidos and sane ~el
the he
cuten
atcor

an 2

bramcr plock, but terovery may be complete (3) There was no
increase 1 the pumber of cases histed as interstitia} myocarditis
after the introduction of sulphonamide at the Mayo Clinic {4)
Closely related to hypersensitivity myoearditis, in which there is
& known antigen, are many cases where there 13 clinical or pathologi-
el enidence of allergy Lut no obvous xtiology  Such cases mostly
present & more chrome ¢hmeal pictare and
Cases have been described with a high il
15) ond havms andeaea? 20 T 0

are rarely reversible
ing phil count

systenr
Pat
. « s auyuenlly damaged in
primary perartenitis  In a review of 175 cases ()yz (herg were
carr(éx;\e symptoms . §5%, hypertenmon m 53%, wnd electro-
cardiographie changes 1n 649, The mediom-srzed branches of the
::::\i;?ﬂ menesh tend 10 bo affected rather than the smallest
. a3 ™ hypersensitivit; i i
ond aventn ool y angltis Inflammation of medin

hzmopencardinm (16)
mg{fpen:;\;?n 1 & common development wn pessartentss nodosa
eparted ineidence ranges from 55 1o 100% and together mt};
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Fie 53. Puerperal myocarditrs showing decreaso 1n heait stzo
with recovery from heart fallure although ECG sgns (V6
only 13 shown) show persistent S T changes suggesting ehronie
myocardial mjury. (@) One month after delivers of a normal
child. (b} 4 months later, (c) Ono jear later (d) After 3 years

CARDIOMYOPATHY DUE TO COLLAGEN DISEASE

The heart 1s affected n a varymg degree m all of the so-called
collagen diseases, but in many cases cardire damage 15 only an
insignificant facet of generalised damage to organs Hypersen-
sitivity myocarditrs and serum sickness, polyarteritis nodowa,
systemic lupus erythematosus, rheumatoid arthmitis, scleroderma
and dermatomyositis are included m this section, but rheumatic
fever which is the most important collagen disorder from the heart
point of yiew 13 considered separately (Chapter 2)
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Myocardtis is & commaon finding on hi-tologseal examination of
necropsy matenial but 1t 1s rarely recognised in Ife, and 1ts cﬂ'fcts
are diffieult to differentiate from those caused by hypertension,
penicardual effusion and endocarditis Myocarditis is one of t!le
rany eanses which Jead to death from heart failure. The myocardial
fibires 1] are not often d d but toxylin bodies
appear to be formed from degenerating muscle nucles  Myoeardial
dumage 15 mainly interstitial where sparse granulomata, & fibrinoid
fattice and occasionally patches of fibrous may be seen.

Scieroderma. This1s a disease of the mesenchyma of unknown
canse, and hike systemic lupus erythematosus the name implies shan
disease, but &3 1 lupus, there are also syxtemic lesions  Cutancous

3 A, s

with less of elastionty, Ray s 1acal
USSR 3 " Pt

were first described by Weiss et al {18) 1n oo nectopdies, and
sywptoms were present in al) of mne cases  Various lesions may be
present rangmg from a vascular fibros to apparently acute patchea
of ditis and mcluding p l The at 1

valves may show small nodes (79) Macroscopically the myocardium
13 brown, strngy and flabby {20) Two mamn types of lesion are
preent fneitmanecoie 'matlo 0l e -

of m

of tt

hear wunue detelops  Lhe formation of cedema under the ngid
skin causes great discomfort

The efectrocardiogram may be normal but more commonly there

ate abnormalities such as shght prolongation of the QT mterval,

wtraventneulat delay, Jon voltage and T wave changes  Arrhyth.
mlés ;re not uncnl;nmnn and heart block may develop

oruisone usually gives some improvement, but should be

- o iven

Z;Euou:l) A :ve;‘x w :er‘; there 1s heart falure’ Lewnwand {19} rep%med

atient who i

e :“‘) T e ad received treatment with cortisone for four

™
2
=
i
&
3
3
¥
&
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5

Cureut
Fawrets, B M 1048 Avel, Path 45, 35 gy
Loetler, X 1936 Schuec: med W echr 66, 817
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myoeardial discase it is usually responsible for heart failure which
is the commonest-cause of death (17)

Systemic lupus erythematosus, This disease is not uncommon
and is now well recognised. Originally it was considered to be a
skin disease, but visceral manifestations have been known for a
long time and Osler observed cardiac complications over fifty years
ago In 1924 four cases of verrucose endocarditis were described (12)
and damage to the heart was thought to be rare, however, more
recent investigations show that from 60-90% of patients with
systemic lupus have cardiac abnormalities at some stage (13, I,
15, 16).

The elinical diagnosis of systemic lupus erythematosus is based
on a typieal skin rash, arthralgia, serositis, fever, retinal changes,
alt 10, and confirmed by a high sed ion rate and the
finding of L.E. cells in the Llood

Pericarditis is common, and is probably present in all cases at
some stage of the disease (15); it was not present i 4 of 22 necropsies
but these 4 had died after an unusually short illness Some patients
have recurrent brief cpisodes of pericarditis, whilst in others it
appears to be a process of continuing activity. Pericardial frictwfl
15 more common than pamn in the chest. Tamponade from peri-
cardial effusion 1s rarely seen, but many patients show radiological
evidence of an effuston followed by resorption after a phffse of
activity The electrocardiogram shows T wave flattening or inver-
s1on, sometimes there1s S-T elevation and often a low voltage tracing
when there is a large effusion. Serial electrocardiograms are of vn‘lﬂ(e
in following the course of the pericarditis. Constrictive pericarditis
has not been observed

Endocarditis A non-bacterial, non-rheumatic valvular endo-
cardit1s of a verrucous nature was first noted by Libman and S-lsh“
(12). Recognition of this endocarditis 1n life is often difficult. En-
docardial lesions wero present in 8 out of 18 cases at necropsy (16)
but only ene had had a diastolic murmur and this was of dqllbtf}l‘
significance In a more recent series endocarditis was recognised in
life in 5 of 30 patients (15). Small vegetations at the junction of
the mitral valve leaflets and ventricular wall are the most common
finding Sigmficant stenosis of the valve has not been observed, but
the development of mid-dinstolic murmurs 1s not uncommon
Aortic valvulitis may produce shght mcompetence and tl'l.CUSI"d
valvulitis has been reported (17, 15) Bacterial endocarditis may
complicate systemic lupus erythematosus as in other conditions
with abnormality of the valves.
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NUTRITIONAL CARDIOMYOPATHY

The Ormental form of beri-ben »s rasely seen in G{m} Britamn,
Aalkmear and Wenckebach (1) deserib A\he}“p\d N assoct
ated with beri-beri but Keefer (2) found this hYP""k’"?“” ‘f’“’e n
only one-third of the cases seen i Cluna. QOcedental beri-beri differs
from the Oniental form, and often presents with signs of Jeft ventrn-
eular disease (3) Tt 13 probable that chronic hypokinetic \3ean
faiture 15 the most common fotm of presentation of ““‘"“?’"‘l
cardtopathy, 1t 18 always & late development. The myocart}mm
shows hydropic degeneration snd patehy necrosis with variable
fibrosts Symilar lestons have been deseribed in thimine deficient
atumals (£, 5) and the lesions closely sesemble those found in
potasstum deficiency (6)
lcoholuzm 13 the wmp cause of 1 heart disease in

the Oceident, but the existence of heart dusease due to alechol, and
ot to bert-ben, 18 stifl not widely sctepted A senies of 22 cases (7)
<hows the wide range of heart disease associated with alcoholism,
but only s few cases develop fugh output heart faillure and have
a good response to thiamne {§) There are intermediate states but
the majonty of patients appear with hypokinetic heart failure and
give 1o response to vitamun therspy 1n these the muscle shows
mainly hypertrophy, small areas of necrows and patchy fibrosis
None of 12 patreats with aleoholie heart dicesse m another series
shuwed signihicant response to thiamme (9} It is perhaps significant
that alcohol 1 frequently mentioned amongst the case histories of
Teports on so-called idiopattue eardac hypertrophy m ten adult
cases aleohol was a possible cause factor wn four (10},

1n a serles of 50 cases of cardiomyopathy alcoholism was present
m 13 (17) The ages ranged from 41 to 69; and with one exception
all were males A few were heer drmkers w ho consumed vast
quantitics over many years, the others drank nne ar more bostles
of spints a day over peniods ranging from 10 to 20 years  Symptoms
and signs appesred earlier and were more severe 1n the spmt dninkers
Al Pmsmmd\];‘lﬂ\‘ﬂ)spnm %n exertion and m several this was

P ¥ palp None had

forms of heart disewse but bronchitis was ;ommu:[ (s;ﬁi:\fl;nt‘:
much smolung went with the excess dnnking!y Gout had oceurred
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“Endomyocardial Fibrosis (Endocardial Fibrosis)

This term refers to the morbid anatomical appearance of the
endocardinm m o varicty of conditions of uncertain wtiology, and
does not appear to represent o single diseaso process with the excep-
tion deseribed below. A minor degree of endocardial fibrosis is
common in any chronic form of myocardial discase, and this should
not be confused with the great endocardial thickenmg found in an
apparently specific diseaso occurring in Africa. Neither shol'x]d
thta be confused with the endocardial fibroelastosis of infants which
appears to be of congemital origin (see p 86).

During the past few years several reports have indicated that o
disease with varisble amounts of endocardial fibrosis leading to
death from heart failurc 13 common m certain parts of Africa (I, 2,
3). O'Brien (4) described 25 cases from the Sudan, and Niwokolo
(5) has found tho condition in Nigeria, The cause is unknown
but these African ecases probably have a common wticlogy. P‘“’”
and Bail (3) find that there 1s extensive fibross of the left ventricular
endocardium and adjacent myocardium, mural thrombi are com-
mon and there may be patchy caleificatton  Fibrosis spreads up.tﬂ
thicken the chordwe and the posterior cusp of the nutral valve % hich
may become meompetent Right.sided lesions are Iess extensive,
but partial obliteration of the tricuspid inflow tract may occur.
Histologically the fibrous material is largely acellular and strands of
it penetrate the my i degenerative ct are present m
myocardial fibres away from the affected area. N

The clinical picture depends on the site and extent of the fMdrovis.
Quict pan-cardiac farlure 15 usual and there may be sxgnq.of organic
mutral or trreuspid ys Bacterial i ditis 15 not
uncommon,

L. Bedford, D. E, Konstam, G L. 8, 1946, Brit. Heart J. 8, 246
o, Ball, J. D, et al, 195¢ Lancet, 1, 1049,
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raso-dilator substances. On uuﬂculta(in}\ gatiop rhythm from mu%zile
‘ailure 18 usnal and significant systolic murmurs are :{ncomn‘] bé
The nervous system is mostly normal, but ankle jerks may
absent . h
iograms show aurcular fibrillation, but when there

SInElll: :;:;tt}innxi ngrl’"\l\ aves tend to show shght nght attial prcpond;‘r;
ance 'The QRS'T complexes show vatious degrees of \"mmc\; 1}‘
damage. The T waves are frequently small and inverted in the )e“
cheet leads (Fig 54, pathological Q waves do not oceur, hut ef
ondle branch block sometimes develops X-ray exatmation shows
shight to gross enlargement of the heart (F.lg. 54)

A moderately good response to routine treatment for heart
PSR- IR DR .

e

amage and potehy necrous result from feeding potassiur defictent
liets 1 some ammals {§) Similar changes have been reported in
nan, MeAllen (12) has lated the clinical, biochemical and
post-mortem findings mn two well-establiched cases of potassium de.
feiency  The coronary arteries may be patent but extensive muscle
fibrosis 15 present and the muscle has & low potaswum content

Sternal pain indstimgushable from the pam of covonary disease
may be present El diog , a8 might be d, show
varyng degrees of al lity suggesting nfs with i i]
abnormality st peniods of hypokalemua & fow potnesium level
<hauld be corrected quickly and completely, 1f permanent myocar-
al imgury 15 to be avoided

Asbomear, W € Wenckebark, K F 1820 Ween drek inn Med 16,193
Keefer, € § 1930 Arch vt Med 43, 1

Weiss, 8, Wollang, R W 1936 Trans Ass Amer Phys 51, 381
Ashburn, L Ui Lowrs, TV 1944 Arh Fath 39, 27

Rewvart 3 F V4T Amer J Peth 23, 879

Folls R B etal 1942 Amer 2 Fosh 13, o

Benehumol A, Sehlesinger, P, 1933
Jomew A

Amer Heart J. 48, 245
M Brumweli, C 1939 Brit HeartJ 1,187

Y Blankenhorn M A otal 1946 J Amer med Axs 131, T17

SOIAL R LR Glabn, W€ 104 dAmer ffeartd 25, T3

1 Brigden W 1937 Lancet 2, 1359

§2 Meufbn P MCANS Bt Heago 7 17,5

Sarcoidasts The wmyocahum 10 often affected 1 systemic
::rmdnm The muscle becomes infiltrated with tubercle-like
p “of showing epithehond cells and giant cells  Such masses may
formt nodules large enongh to protrude ity the gndocmdmm and
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one patient, delirium tremens in two, and stomatitis, dermatitis,
pain in the legs and attacks of nocturnal sweating oceurred in some
of the others There were no signs of serious nutritional disorders,
several were plethoric and two were frankly obese Evasiveness,
irascibility, indifferent co-operation and lying were common.
Their true aleoholic habits were often difficult to determine

cardiac
enlargement Right atrial catheterication shows absence of

Fra. 54. Aleoholic

pathy causing

pericardinl effusion shows shallow 10t erston

of T waves i IL 11T, V4 and V6

Congestive heart failure 13 soon apparent after the onset of symp-
toms, and it is of the same form found n other eardiomyopathies
but with greater emphasis on left ventricular fmlure. Tachycardia
1 usual, and 1rregulanty from extrasystoles or aurtcular fibriflation
is common, the pulse tends to be small and exammation shows no
evidence of hypertenston. Hyperkmetic eirculation does not occur
in this group and few have “hepatic” palms, increased pulse
pressure or any evidence suggesting the presence of circulating
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vaso diator substances Onauscultation gallop rhythm from muscle
f:iui is vsual and significnnt systolic murmurs are unwxmr'mn.
The nervous system is mostly normal, but ankle jerks may be

s N
dbél:‘cirocnrdwgmms show aurienlar fibnilation, Lut }\hﬂ\ there ix
sinus thythm the P waves tend to show sfight right atrial prepopder
ance ‘The QRS-T complexes show vartous degrees of ventricular
damage The T waves are frequently small and mrerted in the left
chest leads (Pig 54), pathological Q waves do not oceur, but left
bundle branch block sometimes develops  Xeray examination shows
shight to gross enlargement of the heart (Fig 54).

A moderately good vesponse to routine treatment for heart
PR— B AT A .

damage and im'chy necrosis result from feeding potassium defient
diets m some ammals (6) Sumilar changes have been reported in
man, MeAllen (I2) has correlated the chimenl, biochemical and
post-mortem findings in two well-established ecases of potassium de-
fiiency  The coronary arteries may be patent but extensive muscle
flbrosts is present and the muscle has a low potassium content
Sternal pain indistingwshable from the pain of coronary disease
may be present. Electrocardiograms, as might be expected, show
varying degrees of abnormahity suggesting infarction with increased
abnormality at periods of hypokalamia A low potassiom level
should be corrected quichiy and eompletely, 1f permanent myoear-
dial mjury 1s to be avorded
1 Adismear, W €, Wenckebach, K F 1929 Wen Arck 1nn Med. 16, 193

Keefer, ¢ § 1930 Arch int Med 43,1

Wems. 5, Willans, R W 1936 Trans Ass Amer Phye 51, 381
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12 Mellen P M 1955 Bry Heart J V7,5

Sarcordosis.

‘The myocirdium 15 often affected 1 i
u n systemic
;.ﬂ‘fmllns)‘l The musclo becomes infiltrated with tubricle-hke
lestons showing eptheliond cells angd giant cells Such masses may
Yorm nodules arge enough to protrude into the endocardium and
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heart cavity, In some cases there is relatively little involvement of
other organs at the time of death. The heart is affected 1n approxi-
mately 20% of all cases of sareoid.

In a review of 28 autopsy cases of myocardial sarcoid (Z) no less
than 14 of these had had Stokes-Adams attacks or clinical evidence
of heart block. Young adults may be affected and the condition
should clearly be suspected when there is heart block of no obvious
cause in young persons. Other arrhythmias may occur and chronic
congestive heart failure sometimes results Few cases have been
diagnosed in life.

1. Peacock, R A, etal 1957. Cureulation, 16, 67.

Amyloidosis. Amyloid disease of the heart is often the most
important, and sometimes the only, manifestation of primary
amyloidosis. The heart 1s rarely involved in the secondary form
Carthiac amyloid 1s not rare and there are many recent ease reports
in the world’s literaturo (1, 2, 3, 4, 3, 6)

Amyloid, a glycoprotein of slightly varying composition, appears
1n the reticulum around the muscle cells, and these then disappear
without a cellular reactron It may be present n the myocardium
of any one or 2ll the heart chambers. The pericardium is sometimes
involved but the greatest amount 15 in the muscle; here it showsa
tendeney to affect the sub-endocardial region, The afria are nearly
always affected

Cardiac failure develops insidiously. A high venous pressure with
paradoxical venous pulsation js common (see Fig 55), and since
the heart does not become very large, constrictive pericardial
disease is particularly difficult to differentiate because hxmo-
dynamies may be similar {7) unless thero is evidence of amyloidous
in other organs Other symptoms due to the disease elsewhere may
be slight or apparently unimportant, but } hght dyspl
macroglossta or an attack of purpura are mportant clues The
electrocardiogram distinguishes this discase from constrictine
pericardits (8), m cardinc amylord there is generally a low voltage
graplt with pathological @ waves whiek do not gocur ir constriclive
pericarditis (Fig 56) No offective treatment is known Amylod
infiltration in the ground substance of the intima of the aorta has
Been deseribed, It apparently occurs in the same distnibution as

atheroma (9).

. Mathews, W, H. 1954, Amer. J, med Ser 228, 317,
‘!‘ Thomashaw, A. L. ef al 1033 Amer Heart J, 46 895
5 Snchaom, A . Slavin, M. 1054, Amer. Heart J 47, 839
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Benson, R, Smith, . F. 1036 Brit HeartJ 18,520
Ashton, H 1056 Brit Heart J 18, 422,

Hetzel, P. § etal 1933, Proe Mayo Clin 28, 107,
Brigden, W 1957, Lancet, 21179

MacMahon, H E, Coté, R 1931

ot

Carculation, 16, 208

¥io 53 Right atni
4] pressure cur:
and (b) constrictive pereardirs There: - 2::,‘,“ amylowdosss

ey " descents,
156 10 pressute after a transient fall on msp.r:uon ' both
cases
is, Cardiac fe

and even d may be m:
fatal he“n‘“(‘;‘;‘:: i the chinseal pieture of hmmochimnntos}:: l’:::\ nt\
suggests that moczocc‘m m about, 159, of cases (1, 2) Endenco
There may b cases ultimately have some myocardial dise:

Y be some relationstup between the degree of mu:ZIee

actiaty and t
he amount of pigment deposution  certamnly there
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CHEST LEADS
o

F1a 56 Electrocardiograms m three cases of primary cardiac

amylordosis  The voltage 15 low i each  There are abnormal Q

waves m (a) and all show flat or mverted T waves or S-T depres-
sion i some leads. (Chest leads = V1, V4 and V7.)

15 much more pigment m affected heart muscle than in muscle
elsewhere In some cases the muscle fibre appears to be replaced
by pigment granules and there may be 30-50 times the normal
amount of iron m the myocardium Interstitial cedema and fatty
degeneration may be extensive and probably play a large patt n
the development of fadure of the muscle (J) Fibrosis is not a
remarkable feature All chambers become diffusely enlarged
Substernal pan -~ o . L Ascnnsa
is an interesting fe:

ment and the deve..p. .
course. The development of acute right heart failure with a total
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cardiac historyof only 9 days has beendeaeribed {4} An'hythmifls are
commaon {3); the electrocardiogram shows a progressive lowering of
voltage snd T wave abnormalities common to some other diffuso
cardiogyopathits

Treatment of established heart failure due to hemochromatosis
1 usually aeffective but remission may follow repeated veneseetion
6] A amilar on of iderotie diomyopathy may
amse as o result of repeated transfusions, m enth cases venesection
may bring about some jmprovement,

1 Sheldnn, § . 1935 Homochromatosss Oviord Umis, Press.
2 bwas, L G, Dewar, H &.1052 Bri HeartJ. 14,117

3 Levin, B B, Golum, A 1953 Amer. Fleart 5, 35, 235,

4 Bovme, ©, Caosdon, B, 3 1953 Lancet, 2, 7,

5 Lewa I P 1851 Amer.J med Sor, 227, 544

6 MeAllen, P 3 efal 1957 Quart J Med. 36, 231

Mjyotonia atropbica. Cardiae vompheation in this rare disease
bas been Lnown for a long time. The heart {3 sametimes enlarged,
ot an analysis of 16 cases by Spiflane showed that 1t was vsually
af normal aize (1) A small pulse and low blood Pressure were com-
mon A profonged P-R wnterval and low voltage T swaves on the
f{‘m;o;ardll‘zgmt':\‘ are ri;ntures (I,hf,', 3} The neurological signs

evelop earlier than cardiae ones which oty 2
RSN ¥ appear w cases of long

Fie 51 WMiwae 5
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Progressive muscle dystrophy. Heart failure from cardio-
myopathy may develop in the muscular dystrophies (4, 5). Cardro-
megaly may appear i some members of a family and myopathy in
others. The weight of the heart is increased, there are degenerative
changes in the sarcoplasm, and replacement of muscle by loose
@dematous connective tissue  Myocardial lesions have been found in
sheep suffering from a form of musecular dystrophy (6).

. Friedreich's ataxia. The heart is often affected in this disease
(7, 8, 9, 10} The electrocardiogram was pathological in 12 of 33

g e B —

A A" ‘P\ . A )

Frc. 538 Friedreich's atavia in o twenty-two year old woman
There 1s complete heart block and left bundle branch block and
frequent extrasystoles,

(By courtesy of Dr, Wilham Evans )

cases (7) although chnical examination showed abnormality in only
one. These observations led Evans and Wright to state that the
disease may be “as much an affection of the heart as the nervous
system ” The affected members of the same family tend to show
1dentical cardiographic changes (Fig. 58)

The infrequency of climical findings has been confirmed by other
writers, but eongestive heart failure 1s not an uncommon termina-
tion. Arrhythmias, including heart block with Stokes-Adams attacks
and paroxysmal bouts of tachyeardia, are common features At
necropsy there may be coronary artery obstruction (12) hu.t this
may be incidental for some cases show interstitial fibross W ithout
coronary artery disease (11). There may be a close relationship
between Friedreich’s ataxia and famulal cardiomegaly (7), a3
families may have some members with isolated cardiomyopathy and
others with ataxia.



TRAUATIC MyoCARDLAL DISEASE 171

Spilane, 3 D 1651, Bt Heat ], 43, 310
v 14 Bn¢ HeartJ. 6,
%\e‘\f‘};‘,ﬁ%‘,anmsa.v 1050 J. Amer, med Ase 144, 209
T & Noviny 8 1031 Proe Roy Soc. Med. 41, 604,
Srorstem, O , Anstarbeim, lg \;]:5 A:M ;I.(d Seand, 150, $31.
et, ¥ D etal 195 neet, 2, 737
g:?n‘;?:\".g'ngm.ﬁ 1942 B Heartd 4, ol
Ruseell, D 1015 J Path Bact 58,739 o
Teymancik, M R etal 1949 Amer HeartJ.33, No 5,557
10 Manmng, G W 1058 Amer HeartJ 39,799
1 Sene A eal 1952 Amer Heartd, 44, 805.
12 Faduo A § ctal 1951 New Eng Med S 39,284,

P

TRAUMATIC MYOCARDIAL DISEASE

Not-penetrating Injuries

1t 13 now wefl known that blunt injunes may damage the heart as
serrously as penetratingones  Perhaps the commonest cause today 14
the steering wheel aceident when forward momentum 15 arrested by
eoflision

Paraorocicat, Frsoixes  Necropsy after gross trauma not
mfrequently shows bruxsing of the heart muscle. The penicardrant
15 usually affected but traumatic rupture of the heart with ntact

pericardium has Leent reported (7} The ruscle sometumes shous
Bapranrehasin .

of
dt

€ .y us o i-xt UAYS alter the mjury {3).

Rupture of & papillary musele 1 addition to contuwon of the
ventreular wall has been reported (4) and rupture of the ventricular
septum may also result from non-penetrating myury (5} Fracture
of o chorda tendua 13 less senous. A ventriewlar aneurysm may
cause death months after the trawwaa (6)

1t 15 possible that blunt mjury to the heart may cause coronary
ocelusion {7), but in most cases where thiy s alleged to have occurred

it 13 probable that there 13 etisting atheroma  As it 18 now well
hnown that even severe carona

ry atheroma may be prestnt n
early adult hfe age cannot be vved ay evidenice that XES‘QCQ\‘L\!&]
disease has resulted from chest mpury

Cusioas Fearvres  These vary greatly and partly depend on

the nature of assoriated njunes Cardiae
symptoms
by shoek, or the pam from skeletal m; o Vi

jury or pleursy. When cardiac
cunml:mn has oceurced without major Injury elsewhere symptoms
may be absent st first Thus one man, who died later from a cardiae
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aneurysm, assisted other people from the car and changed a tyre
before he was scized with violent precordial pain (§). Another
patient had his first attack of angina whilst walking two hours
after the injury (8). Chest pain is probably the commonest sympton:
following blunt mjury, obviously its origin in many cases is in the
anterior chest wall It often 15 an immediate symptom but may
be delayed. Symptoms from cardrac neurosis and others which may
be related to the possibibty of compensation are not uncommon

Fia 59 Angnn of cffort snce fracture of sternum in car
aceident three years before  Deep nversion of T waves i I,
V4 and V5 due to myocardial myury

sequele Pericarditis sometunes follows blunt injury, friction may
be delayed and heard up to a week or a little more after injury

Arrhythmms are not uncommon  Sinus tachycardia and brads-
cardia, atrial fibnllation and flutter, and even heart block have
been reported When atral fibnllation develops, palpitation and
dyspneea are usual symptoms: pulmonary cedema may cause
death after a severe non-penetrating injury (9)

Etectrocardiographic abnormalittes melade the changes of thythm
already mentioned and those due to varying degrees of pericardal
and myocardial mjury (Fig 59)

Treatment clearly depends on the extent, site and hemodynamic

1 of the damage Hmmopericardium scen one day after

 blow on the chest required paracentests and resulted in completo
recovery in & fortnight (10) Successful suture of a ruptured heart

following non-penetrating myury has been reported (11)




TRaUMA

Fic 605 Tho samo patient with less effusion sh
fragment embedded m right ventricle

owing
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Penetrating Wounds of the Heart

These are common m war but otheriwise rare in the British Isles
In civilian life stabbing by a knife is the usual cause. Any degree of
damage may follow. Early diagnosis is essential if effective surgical
repair is to be carried out. Heemopericardinm, damage to coronary
arteries, perforation of the chambers of the heart, laceration of
valves and chorde have been reported from time to time.

The importance of perieardial tamponade is now recognised andit
is gencrally agreed that rehef by aspiration should be carried out as
a matter of urgency (12, 13) Foreign bodies in the heart should be
removed (14, I5). In future it is probable that repairs in the most
complicated cases may be attained with cardiac arrest and the
use of a heart pump-oxygenator (Figs 604 and B).

Bowman, H. S, 1953, Amer J. clin. Path. 23, 33
Barber, H. 1940. Brit med. J. 2, 520

Warburg, E 1940. Brit, Heart J.
Glendy, R. E, White, P, D, 1936. Amer, Heart J. 11, 366
Pollock, B. E. etal 1932, Amer HeartJ. 43, 213
O'Farrell, D, T. 1939 Bre HeartJ. 1, 172,

Hissane, R. W. 1952, Cureulation, 6, 421

Campbell, M 1938 Brit. Heart J. 1, 177.

Barber, H, Osborn, G R. 1941, Brit. Heart J 3, 127,
Rajasmgham, A, § 1939, Brt HeartJ, 1, 181.
Desforges, G. et al, 1955 New Eng. J. Med 252, 567,
Elian, D, C.. Campbell, R E. 1951. Ann Surg 133, 623
Cooley, D A etal 1955 Surgery, 37, 882

Barret, N. R 1950 Brit.J Surg 37, 416

15. Harken, D E 1046 Surg, Gynec. Obst. 83, 117.
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TUMOURS OF THE HEART

Primary cardiac tumours. These are rare at necropsy uufl s
exceptional for dingnosis to have been made m life Primary
tumours may be bemgn or malignant Approximately three-
quarters of those reported are benign (1) Myxomata are the cont-
monest and some 75% of these are found in the left atrium )
Rhabdomyoma, fibroma, lipoma and lefomyoma arc the other
rare bemgn tumours,

Malgnant tumours, which comprise a variety of sarcomas,
account for some 25% of the 415 case reports of primary tumours
collected m 1051 (I). Sarcomata may arise from any.part of the
heart or pericardium but they are found most often in the right

atrium
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dary cardiac Malignant ¥ ‘ in the
heart are not uncommon  In one senes of neeropsies in mahgnant
dusease the heart was affected m 13%, {3}, but in somewhat h:-g.cr
senes the figures have been 10% of 1270 cases (4) and 10 0% of
1082 cases (5} Bronehial carcmoma 13 the commonest primary
source and acconnts for nearly one-thurd of the cases: this i3
presumably due to proximnty and mavasiventss of the tumour (£}
Other not uncommon primary sites include breast, eesophagus and
the lower gastroantestinal tract Both sdes of the heart are
wwolved with equal frequency.

Crasteas, Fearures  The elmiend pieture is diverse and is due to
Vo rrem A€ AL b mmamfe AV 2 Y .- .. -

atrtal mxyomas may sumulate mitral stenosis and pulmenary
fhypertension from obstruction at the mutral orifice or openings of
the pulmonary vems  Death may be sudden (6) or from progressive
unresponsive heart failure (¥) In addstion to mutrsl systobe and
diastolie murmurs one case had the loud first heart sound apd an
opening snap charactemstic of mutral stenosi, but the correet
diagnosts was made at operation by suceessful removal of the
tumow (8)

Right atral tumours may simulate trrcuspid stenowws  We have
wvestigated one cuse presentg with severe polyevthemis and

seaswunes ) syncope related to pomtional change, variable
paroxysmal dysprea, sand o st ot

endocarditis Ina ease«

tion of the mferior ver

?‘1\:}‘) subsequently thromuusis of the nfemor vena cava oco\\‘ned
throb:\ny the syraptoms and signs of mtractnble heatt fature are
mv;cenzmunes:) manifestation of cardiac tumour but m many cases

® 10 obvions $
———— chmea} features and the diagnosis 13 made at
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tumour in the heart (). Attention of the clinician was drawn to the
heart in only 20 of 127 necropsy cases of secondary tumour (4.

A full investigation is elearly necessary when primary cardiae
tumour is suspect as cure by operation is possible. In the cass of
metastatic malignant disease elaborate investigation 1s unlikely to
benefit the patient.

X-ray findings. Local changes of heart contour may point to a
tumour but such signs arc rare. A large heart shadow is most likely
to be the result of pericardial effusion. Localised enlargement of
chambers and the presence of pulmonary venous congestion may be
due to obstruction at the valves.

Angrocardiography can show filling defeets, particularly in the

case of atrial tumours (1) and is the mvestigation of choice in such
cases.
The electrocardiogram may reveal almost any type of abnormality.
Many kinds of arrhythmia have been reported. Bizarre P waves
may point to an atrial tumour Bundle branch block or Q waves
may suggest a ventricular site. The absence of gross abnormalities
does not excludo the presence of a tumour. 5

Nox-carpiac ToMours may affect the cardiovascular system in
diversoc ways Cnrcinoid tumours of the small intestine {argent-
affinoma) produce excessive quantities of serotonin (5-hydroxy-
tryptamme) which may lead to an endocarditis affecting the right
heart. Bjorck et al deseribed the association of tricuspid incom-
pet: pul rys d carcinoid (12) Several cases showing
variations of the syndrome have been reported smce (13, 14, 15)-
It appears that scrotonin is “mactivated” in its passage through the
pulmonary circulation (14). The diagnosis is suggested by the
assoctation of heart signs with a typical spasmodic flushing, patehy
cyanosis, asthma, gastro-intestinal symptoms and particularly
diartheea  The diagnosis may be confirmed by estimating t'he
urinary excretion of 5-hydroxy-indoleacetic acid (6) and by radio-
logteal investigation of the gastro-intestinal tract

Carcinomatosis of the lung may affect the lesser eirculation by
either a spreading Iymphangitis or by pulmonary embohsation
The clinical features of either subacute anoxia or hypertensive cor
pulmonale may appear (see Chapter 5)

1. Pritchard, R. W. 1951, Arch Path 51, 98.
2. Goldberg, H. P. berg, J 1955 € , 11, 963

3. DoLoach, J. F., Haynes, J. W. 1953 _Arch. ent. Med 91, 224.
4

5

, R. B. 1955, Brit Heart J. 17, 183,
’ g:;;‘::el'!. V., Garvin, C. F. 1939 Amer. Heart J. 17, 431
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CHAPTER 4
=~ - HYPERTENSION

Avrtiouest much work has been done in many directions the
problem of the cause of hypertension is still unsolved. In fact the
present tendency is to consider that hypertension arises as a dhis-
turbance of an equilibrium at several possible points (1); and that
it is not a discase entity in itself (2).

Distinction has long been made between essential hypertension
wherein the raised blood pressure is thought to be primary (hyper-
presia) and diseases in which the hypertension is secondary

The Normal Blood Pressure

TeCHNIQUE. This was defined by a joint recommendation of the
Bntish Cardiac Society and the American Heart Association (3).
1t does not matter if the patient 1s sitting or lymg  The rubber bag
should fit snugly over the brachial artery. It is as well to take the
systolic pressure first by palpation, as difficulties over the nuscu]t{-
tory gap will be avoided If the cuff is then inflated well above this
point, the level at which the sounds are first heard will be the systolic
pressure, As the cuff 13 deflated the sounds become louder, then
abruptly muffled (4th phase) This 1s the pomnt which the British
Society advised for tho diastolic pressure  The American Committee
preferred the point at which the sounds disappeared (5th phase),
and this view has been upheld more recently in that country (4).
The point of disappearance 1s usually withm a few mullimetres ?f
the muffling but when the pulse pressure is large, such as with gortic
incompetence or hyperthyroidism, the sounds may persist to zero
Direct brachal pressures recorded by electromanometer have shown
that the actual systolic pressure 13 about 12 mm above the sphygmo-
manometer reading The diastolic pressuro is about 3 mm. below
the point of muffling but 7 mm. above the point where the sounds
disappear.(5) 1t would appear, therefore, that the muflling of the
sounds is & more accurate index than their disappearance If the
difference between these two points 1s more than 10 mm , three
pressures should be recorded

NoRMAL VARIATIONS Respiralory variations may amount to
12 mm. Hg in direct recordings of the systolic pressure The Traube-

.
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‘alsatv uvre 1 which forced expiration is made against a
tlt[&:‘rl ;10‘::: n;:he blood pressute fa\l? duying the forced expration
and mises during the succeeding deep inspiration @ L

Exercise causes  considerable, though transient, i< in the systolic
pressure, [n young normal subjects the systolic pressure rose up to
20 mm byt fell to normal m four minutes. Most elderly normal
subjects reacted similariy but in some the pressure rose by 80 mm.
Mild hypertensive patients had a more pronounced xise (9}

Posture  Standing up causes a fall in the systohe pre<sure Aof
10-20 mm and the diastolic nses shghtly This is caused by gravity
sad ean be prevented by standing up to the chit i water (10.]‘

Effect of emotton The effect of anxiety on the blood pressure is
4n outstanding dsfieulty both wn the tagnosis of sn eatly case and
1 the control of the established state with hypotensive drugs, Tt is
# trusm that the patient should be relaxed and at ease, but in those
with & nervous disposition the wflation of the armlet may raise
the blood pressure exeessively  1f tho patient 1s hept recumbent
for an hour or more without food and readings taken every few
mmnutes, the “basal pressure” can be obtained, in contrast to the
“easual pressure” of a single reading (1), These basal pressures
can be surpnsimgly low, the systohic reading being under 100 mm in
some people The same low figures may be obtrined during steep

Amytal sedation fest This has been nsed extensively to abolish
the effects of emotion  Three grawns of sodium amytal ate given and
repeated for the next two hours, unfess the second dose sends the
patient to sleep The pressures are taken at wtervals of thicty
minutes but the record when asleep 1s the most nformative  Drama-
tie falls of 108 mm Hp or more 1 the pressutes may o
fortunately , the fact that the nressures hnea ¢
normal under a sec
drsmssed as only
sequently have a &' v,

cenr Un-
e

Cold Pressor Test Tt has been ~uggested that those with labile

pressures are more Lkely to develup hypertension later than these
whose pressures are more

stable, and the Cold Pressor Test has been
usuz to discover hyper-reactors One hand 15 immersed 1o water at
1-6°Clora mnte, and the prescure measured on the other arm
Uung drrect arterial recordings an sbnormal reaction constets of a
nse In the systolic pressure of 20 mm and n the distohe of 15 mm ,
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Avrnoven much work has been done in many directions the
problem of the cause of hypertension is still unsolved. In fact the
present tendency is to consider that hypertension atises as a dis
turbance of an equilibrium at several possible points (7); and that
it is not a disease entity in itself (2). .
Distinction has long been made between essential hypertension
wheretn the raised blood pressure is thought to be primary {hyper
picsia) and diseases in which the hypertension is secondary.

The Normal Blood Pressure

Tecustque  This was defined by a joint recommendation of the
British Cardiac Society and the American Heart Association (3
1t does not matter if the patient 1s sitting or lying. The rubber bag
should fit snugly over the brachial artery It 1s as well to take the
systolio pressuro first by palpation, as difficulties over the auscults-
tory gap will be avoided If the cuff1s then mflated well above this
point, the level at which the sounds are first heard will be the systohe
pressure. As the cuff 1s deflated the sounds become londer, then
abruptly muffled (4th phase) This is the pomnt which the Br.msh
Society advised for the diastolic pressure The American Committee
preferred the point at which the sounds disappeared (5th phase),
and this view has been upheld more recently in that country (e
The pownt of disappearance is usually within a few milimetres gf
the muffling but when the pulse pressure 1s large, such as with aortic
incompetence or hyperthyroidism, the sounds may persist to 2ero
Direct brachial pressures recorded by electromanometer have shown
that the actual systolic pressure 1s about 12 mm above the sphygmo-
manometer rending The drastolie pressure 1s about 3 mm below
the point of muffling but 7 mm above the pomnt where the sounds
disappear (5) It would appear, therefore, that the mufllng of the
sounds is A more aceurate index than their disappearance If the
difference Letween these two pomnts 1 more than 10 mm, three
pressures should be recorded.

NoRMAL VARIATIONS Respiratory variations may amount to
12 mm. Hg in direct recordings of the systolic pressure  The Traube-
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the unclamped kudney 15 also removed (19). TThis is becanse the
antenoles am that kidney have suffered damsge on account of the
hypertension from which the vessels the chmpe'd kidney have
Veen protected  The lesions m the unclamped kidney resemble
those of malignant hypertension and comprise foeal necroses of
arterioles, and healed and healing infarcts. They are due to spasm
of arterioles subjected to hugh pressure  This spasm has been ob-
served and photographed many times on the surface of the brain
(20) The sschaemic kidney, therefore, releases a pressor substance
which produces artenolar lesions in the other kidney wluch then

also teleases pressor subistanices and so perpetuates the hypertension
T I hath eadeen oo sl B .

Last UL 1418 WRO were Joned together soon after birth <o that they
had to some extent a common wireulation, Inlateral nephrectomy
in one of the pair did not result m a ryse m pressure in the other
The heaithy kidneys i the intact rat were able to antagonse the
extra renal preéssor substance entering st cireulation from the
nephrectormised ammal (21} In summary, if the cireufation of rat
and man can be compared,’ischeme kidneys release a pressor
substance eapable of producing lesions simular to mahgnant hyper.
tenston ({There is also o adrenal agent which can be nentrahsed

\‘w healthy kidreys but which comes into play after bilateral nephree-
omy

The application of 403 Work to man bes 1n $he Frdees -5
acteny g e 2RI SHOTE & camsteiotinn oF R
of operat1
nght vena
shell of ¢
wieer QoY Ly wy pettension . Ao
e foad €3 wopttension shortly before s sudden death and

e rerent thromhy nvolving both renal attenes (26)
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and of these the diastolic nise is the more important (2), This occurs
within 50 or 60 sec. after immerston. In a review after six yearsno
normal reactors had developed hypertension while 38% of hyper-
reactors had done so In essential hypertension the reaction was
greater, with an average rise of 37 mm  systolic and 25 mm. duastolic.
This tended to became less in the more severe cases of hypertension
suggesting that the artertoles were becoming permanently con-
stricted

Tue NorMaL Liamrs. Most life assurance companies nowadays
regard 140/90 as the limits of a normal pressure; but this is not
true at all ages The average at eighty years is 170/90 (2) and many
old people, with systolic pressures of 200 or more, have no symptoms
from them. These high systolic pressures may be due to Joss of
elasticity of the norta It is suggested that the lower levels for
hypertension 1n males should be regarded as 145/90 at sixteen years,
increasing steadily to 190110 at sixty years (I13) The figures for
women are a little lower at all ages up to sixty when the average
pressures rise above those of men (14).

Ztiology

Pressor SUBSTANCES  Renin is a proteolytic enzyme produced
by the tubular cclls of the renal cortex This acts on an «-globuln,
hypertensmogen, made I the liver, to form the polypeptide angio-
tomn, which stimulates the smooth muscle of the arterioles. If
frog remn is given to dogs, made hypertensive by renal ischemia,
the blood pressure falls as anti-renm is produced and this neutralises
the dog renin {15) It has not proved posstble to produce o similar
reaction 1n man, nor is it likely that angiotomn is the cause of
human hypertension since angiotomin mcreases the pulmonar.y
arterial pressure aswell as the systemie, and the pulmonary pressure i
normal 1n essential hypertension (16)

RexaL Isciumnd YGoldblatt i 1934 (17) produced hypertension
m dogs by clamping both the renal artereXVIf one artery was
clamped, the pressure rose and then fell. If the healthy kidney was
then removed, the pressure rose It was, therefore, apparent that
renal jscheemia could produce hypertenston, but only 1f both kidreys
were i d- Eifher the healthy lidney could neutralse a
presor Fubstance being formed in the ischwmie kidney, or else &
depressor~substance was produced by a healthy kidney, but was
not released by an ischwenic one

This work cannot be apphied to human hypertension as nephree-
tomy, in cases of unilateral renal disease, can on occasion restore
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and i the blood volume. The active agent here is probably the
sodium .

rtension does not OCcuUr among pnm\}we TACCS,
nn?io::l::ls hleie?:mmd hat their dset is commionty low 1;\ so:?nu:: N
with an average of 1-2 ¢ (30). Ameong a large group of pa' m}m,
analysed mregard to thetr salt intake, 12% were found to come W I‘ h-
10 the fow sodn range, and none of these had hy})tr\msmn. t k:s
ot wuggested that sodwrm ftself causes hypertension, but that tho
unknown cause may 1ot operate where the sodim level 1 the diet
s low The cffect on hypertension of vi:u\'al abstention ‘[‘n‘)m salt

Avor neadanand spmain o dbe Sfos 3ot

Helatives of those with hyp jon showed high p
age groups (32}
Sez Wonmen tolerate hypertension better than men.
NEvrocENIe Cavses, Itisdoubtful shether a neurogenic element
plays any patt in the causation of yyg)enensionAexcopL on rare

neenstane whan dhaea - ~oae

in all

pasungets o Cast Uz poty neuritis due to porphyia, paroxysms
of hypertension occurred, with pressures nsing to 170130 mm ,
asonated with difficolty in swallowing (33). Procaine Mock of the
carotid smus, which usually canses & wse i the blood pressure, was
without effect It 13 suggested that the same sequence may take
place 1o bulbar poliomsyelitis or post-diphthentic neuritss 1f the
Tnth and tenth cramal necves are paralyzed  Injunes sometimes
cause a rice m blood pressure |34), presumably through stimulation
by the sympathetic'system  Fifty casuafties were found to have
sustamed systohe pressures from 140-250mm of mercury AR
the men compluned of severe pain. Morphia had little effect, but

the pressure fell after ijections of rogttine or hexamethonium and
tl\;‘:)\\ymem\m\ was abobshed by pentothal or spinal anmsthesia
¥

COABCTATION OF AORTs The pressures ‘proximal to the obstrue.
on, a8 m any other vasealar obstraction, are high m order to

maintain an adeguate flaw of blood 1o the low rt
and especually to the kidneys et s ot e

In the femoral artery the systolic
Tressure 1s Yower than the normal but the diastolic 18 unchanged
avmg o swall pulse preesare  After a successful resection the
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It is suggested that the contracted kidneys of some cases of chronie
pyelonephritis are due to multiple ischemic areas caused by arterial
occlusions {27) In ten cases of malignant hypertension gross
narrowing of the arteries was present with some evidence of re-
canalisation. This arterial obstruction was not present in chrome
pyelonephritis without hypertension, and the kidneys were not so
contracted.

The results of nephrectomy in these cases are not good In
twelve instances a successful result was obtained in only four (25)
This is not surprising if it is true that after a variable time lesions
will develop in the other kidney which will perpetuate the hyper-
tension. Further, sclection of cases was made on the finding of
casts and cells in the ureteric catheter specimens from one kidney
only. Aortography, used to dehneate the renal veseels, will pro-
bably prove more satisfactory in the future Pyelograms are often
normal.

Adrenals. PrzocurodocytomMa The adrenal medullary
tumour causes hypertension through an excess of noradrenaline
The normal daily excretion of noradrenaline 1n the urine of 150 mg
may be mcreased to 3000 mg. or mare Intravenous injection of
1 ml. of urine from one case mto a dog caused a rise m pressure (29).
Patients may suffer from paroxysms of hypertension with tachy-
cardia, prostration, sweatng, anxiety and cyanosis, or the hyper-
tension may be sustamned The basal metabolic rate 15 ramed.
Intravenous injeetion of & mg. of phentolamine ncutralises tem-
porarily the noradrenaline i the blood and causes an immediate fall
m the pressures Injection of oxygen into the presacral tissues may
canse the tumour to be visnalised on a skingram and show the side
on which it les, but there 1s considerable risk in this procedute
Handiing the tumour at operation may cause the pressures to rise
to dangerous levels unless controlled by phentolamine After
removal of the tumour a noradrenaline drip 1s needed to prevent
a catastrophic fall.

Cushing’s syndrome usnally comprises hypertension as well a3
obesity, husuitism, strie, and byperglycenma  This disease it
sometimes associated with a piturtary basophil tumour, but it is
now known that the adrenals are the intermediate cause of the
syndrome and adrenalectomy may lead to n complete regression of
symptoms The administration of extraets from the adrenal cortex
such as cortisone or desoxicorticosterone, if given in excess, and
to patients suffering from adrenal insufficiency, may Jead
ted with an increase in sodium in the blood

especially :
to hypertension associal
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LEF? VEXTRICULAR FarLoRe  The signs are.thuse of failure from
any lesion by which the left side of the he:m'\s OVEY\'m\dﬂL Dyep-
noea on exertion gradually increases intensity and is folloned by
attacks of nocturnal dyspneea Gallop thyihm may be present and
alternation of the pulke. The nocturnal dyspnera may progress to
attacks of cardine asthma ot acute potmonary cedema, The pul-
monaty cireulation 18 overloaded and the pressure m it ey,
congestion, of the pulmonary veins tan be seen on sereening, and
the pulmonary component of the second sound intreases in Joud-
ness  Latet the nght veatncle weakens, and yugular venous en-
gorgement, and cedema appear At this stage the arterial aystohe
pressure may fall oning to the mability of the ventricle to maintan
the pecessary output .

" Bernfieim syndrome [1910] Qccasionally the signs of venous
engorgement with cedema set 1n eatly with insignificant dyspncea,
and the lungs remam clear The septum thickens when the left
ventricle bypertrophues (38), and when very thick, may bulge into
the cavity of the right ventncle terfering with its fillmg  Thus,
a3 1 tricuspid disease, right auncular pressure nses and large “a”
waves may appear, before feft ventneular failure has ocearced In
these eases, although there 15 evidence of left-sided hypertrophy
the electrocardiogram, the heart 1s vertical in position, so there 13
o feft axis deviation [3%)

Retivat Crisxops  These e graded mnto the three groups of
Wagener and Keith (40) In group 1_there
vessel walls This 1s shown b sraenila
WItW an tncrease in the
naraw Tha wesnn <o

is thichening of the

of sbsorption  These twu groups oo

eur 10 beragn b Ttension of
varyng degrees of severtty Group3, hmﬂenmvcrﬁ'z!:' AL
- FYSIRLIS

ey [N
5 .

[EECEEEIN
i wUSL D100dIess \Cunas I muothen

Wt T type paml

occv:xf alone and may sugpest o cerebral tumonr

WYMFIOMS conmst mainly of headaches or

ddy
2t mare often due t0 a state of mentat 3 Badmens, but these

Rt
Hledema may

i e iaims to relieve symptoms
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pressures should return to normal; otherwise the obstruction has
probably not been relieved completely.

Conclusions. Ammal experiments appear to have established
tho. following facts An ischaemic kidney releases a pressor substance
which causes the pathological lesions seen in malignant hypertension,
and these are due to spasm of the arterioles as a result of the high
pressure. Thero is also an extra-renal cause, probably released from
(}.1(: adrenals, which causes hypertension after removal of both
kidneys. The adrenal pressor substance can be neutralised by
healthy kidneys.

In most cases malignant hypertension 1s a complieation of renal
drsease, either of nephritis or of renal infarction or pyelonephritis
(36). In 4% only did it supervene in benign hypertension There is
no anatomical cause for benign hypertension. Renal biopsies taken
from patients undergoing sympathectomy for essential hypertension
show, in the majority of cases, such slight abnormalities m the media
of the vessels as to make it unlikely that this could cause hyperten-
sion by arteral obstruction (37). It is clear that the hypertension
preceded the vascular thickening The cause of this primary hyper-
tension is unknown An excess of noradrenaline can produce
hypertension It is possible that essential hypertension results
from the ludneys failing to eliminate or nentralise normal pressot
substances secreted by the adrenals It s also possible that pressor
substances from the central nervous system through the sympathetic
may mamntam an abnormally lugh blood pressure.

Clinical features. A sustained hypertension has important
effects upon the cardio.vascular system The left ventricle hyper-
trophies as the result of continued overwork XNarrowing and
tortuosity ean be seen m the retmal vessels and a fatlure of vision
may occur from arterial or venous occlusions. Death eventually comes
in 60%, of patients from cardiac failure and 1n 25%, from & stroke.

LEFT VENTRICULAR HYPERTROPHY. In a case of established
hypertension enlargement of the heart is obvious The apex is
outside the mid-clavicular line, the impulse 18 heaving in character;
there may be a systolic murmur due to mrtral incompetence The
ringing aortic second sound 1s due more to clongation of the aorta
than to the blood pressure since this increase in length brings the
aorta nearer to the chest wall In those cases whero the apex
impulse 15 masked by emphysema or obesity the electrocardiogram
may help to show left ventricular hypertrophy, or the skiagram
may show the left border to be unduly rounded or prolonged
Enlargement backwards may be seen m the left oblique view
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practicable to taks the basal pressure in these circumstances, ue
several readmgs can be taken and the lowest recorded  An increase
1 pulse Tate may belp here ot & more forceful heart beat. A h{s(m’y
of & strake or sudden death in one or both parents would point to
PR "o S A e A e

cardingrom and by means of X-roy examination If the issne s
still doubtful, and 1t 18 important to know if normal pressures can
e reached, the basal pressure should be measured {43).

Grading of established hypertension. Sevetal methods of
grading cases of estabhshed hypertension are in vogue with a view
o awessing their switability for medical or surpical treatment.
The simplest is to grade according to the ophthalmoscopie appear-
ances, stage 1, consisting of those with narrowed and thickened
arteries, stage 2, of those with nipping of vems; in stage 3 there are

s : : ol exudates
1t Another
' eerebral or

. . erse factors
as angina, encephalopathy or mtrogen retention 1 taken inta

account, and patients who have them are placed n lower groups
46}

Toxemia of pregnancy. Much work ks been done, without
suecess, to c}:s@rer the cause of toxemia of pregnaney  Formasle

sk e il ou 3edts of age at some time after the 25th

\l;[e;kd of pregmr’xﬁ (#1) The provess alwaye starts with a rise
pressure 55 may be trrvial as judged by st

tul hypertension A casual systohie b D e o e

e A
<P B & T 1+ pressure of 130 1s regarded with
‘ P

[N

sath
1 ens wiuwLLng, Whieh may be masst
with oedema of exelids and ankles This ahoan snrcorrs oo

4 tem v ULetus 18 the only treatment 1§
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by means of hypotensive drugs are largely fallacious The relief
should be credited more to the suggestion afforded by the intensive
treatment than to the treatment itsclf.

Hypertensive encephalopathy or hypertensive crisis. A great
variety of symptoms are noted. There may be severe headaches,
intense at times, nausea and yomiting; transient blindness and
parxsthesie about the body; motor disturbance such as aphasia
and paresis, or, most dramatically, severe epileptiform convulsions,
Loss of memory and coma may supervene. The onset is often very
sudden, but the changes are transient and recovery is complete
The blood pressure tends to rise before the attack and the pressure
of the ccrebrospinal fluid is abnormally high. The local cause is
cerobral angiospasm, which is part of the general vaso-constriction
Sooner or later the permanent damage of hxmarrhage or.thrombosis
almost invariably follows these transient disturbances, but the
wterval is sometumes surprisingly long.

Malignant hypertension. This may be found in a variety of
conditrons, including acute and chronic nephritis, pyelonephritss,
polyarteritis, disseminated lupus erythematosus, essential hypff-
tension, polycystic kidney and Cushing’s syndrome (43) It is
characterised by a high drastolic pressure, the average being 140 mm ,
and a cerebrospinal pressure of over 250 mm H,0  Necrosis oceurs
mainly 1 the arterioles of the kidney, bat also n the spleen, pan-
creas, hver and brain. Tt 15 probable that these are due directly
to the high diastolic pressure smce 1t has heen possible to prolong
the course of the disease by hypotensive, ganghon-blocking dr{lgi
(44) Clinically the main distinction between malignant and benigh
hypertension hLes in the ophthalmoscopic findings of retinal cedema
with papilledema  These mostly occur when the diastolic pressure
is above 140 mm (£3) Cases seen first n the malignant phase may’
be hard to distinguish from chronie Bright’s disease, since albu-
minuria and hematuria may occur m the early stages. In thofc
who have been under observation prior to its development, it
becomes clear that the whole conrse of the discase has altered, an
rapidly changed for the worse. Before the advent of hypotensie
drugs the prognosis was almost mvanably bad  Most patients died
from urcemia ot cerebral heemorrhage withm a year

Diagnosis in the early stages. This 1s not casy The bl_ood
pressures may have beeiu found to be rased at a routine examination,
possibly for life assurance The lf:vel may be nnyt.hn}g from 1[‘:0/10(?
upwards; and it must Le decided whether this is a temporary
rise due to nervousness or o true essential hypertenston It 15 not
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Diagnosis in a case of hypertension. 1{a patient ;\re.icnﬁf with
y the following possibilities should be bome in mind
BExiey TYFERTESS10%. The diastolic pressure i scldora more
than 140mm Hg There is no evidence of renal disease, nor of
nenro retimtis
MarigxaxT HyYPERTENSIONX. The diastolic pressure is 140 mm./
or over Keuro-retmubs with papilicedesna is present. The pressure
1n the cerebrospmal fivid may be rased. The degree of renal defect
vaties greatly 1f secondary to glomerlonephntis there will be
albuminuria, granular casts and a raised blood vrea. As a result of
chromic nephntes the urme will show m addition a low snd fixed
speafic gravity In forewua of preguancy albummuria may be
massive  Those with pyelonephritis ik ususlly have pyutia; s
polyeystic Ledney the blood urea 13 usually raced  Pyelograms may
reveal o hydronephrons  Aortograms raxy shon vaseular obstruction
or infarets sn the kidney
CoarcTamios OF TRE AoRTa The systobe hypertension is local
and confined to the upper patt of the body Thus type is lihely to Le
Tound w young geople
AvRENALD; Hypes 13n feature of the pheochrom-
eytoma n which W 1s frequently paro:
14 of al

sysmal  There will also be the
p palp sweating and nervous exhaus-
tion In Cushing’s syndrome merease 1 weight, stnz and glycosuria
may be present

Nrurs

Diseasys involving the basal gangha such as
bulbar poliomvelitts This s very rare N

Treatment
In recent years & number of hypotensive drugs have been intro-
duced. They do nat salve the problem, byt attempt to break the
dtmn of :ven\s rei{u\kmgmo\'et-s&\m\l\ﬁhm of the systemic artenoles
at points away from the root cai
2t Tomts use of the increased peripheral
Trg 3 C The 4
m 19 -
ethyl ammonwm bromide could produce o an s Lot

anghon blockade of the
eﬂ'er:nt ‘s?"mpat‘het_m vaso-tonstnctor xm%\lﬂ}m and -~ - Jthe

which lend 6 ndesatl e ety 5 U Ve egqured
PENTOLESIEN {stnsolysen)

A cousiderable advance was made
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induction of labour is delayed, eclampsia with convulsive seizures
may follow soon.

Fatal malignant hypertension may supervene soon after induetion
in severe pre-eclampsia (48). In two such cases death took place
from urremia about six weeks after induction, the blood urea levels
being over 400 m.

The problem as to whether toxmma increases the liability to the
later development of essential hypertension has received much
attention, and it seems clear that it does, to a mild degree. In one
large series primiparm, with an average age of 18 years, whose
pressures had been normal before they developed toxmmia, were
followed for ten years (49) During that period the majority had
further pregnancies and half had a recurrence of hypertension in
these pregnancies At the end of the ten years 1795 had persistent
hypertension as compared with the 8% found by Master (13) in
women of similar age on routine examination,

Persistent hypertension oceurred three times as often after severe
toxremia than after mild, but actually 1t was the duratien of the
toxwemia that was the important point A mild toxezmia % hich was
allowed to continue for three weeks would be more likely to produce
high blood pressure than o severe attack which was terminated after
o week. It is posstble that hypertension may be precipitated by
toxamiain women who would have developed it later in any case (50)

In older women essential hypertension may be present before the
pregnancy commences 'The pressure tends to be higher thanm the
early stages of toxmmia (51) Ganglion-blocking drugs have a
considerable effect on essential hypertension but very lit!lc. on
pre-eclampsia, and their action begins to dimunish before the signs
of toxemia appear (52).

The cardiac output begins to rse dunng the tenth week of
pregnancy and reaches the maximum between the twenty-sixth
and twenty-minth weeks, In essential hypertension the output 13
not raised above the normal for the stage of pregnancy. The oxygen
consumption 1s raised but the arterio-venous oxygen difference 13
also increased In pre-eclampsia, or if pre-eclampsia supervenes in
es<ential hypertension, the arterio-venous oxygen difference is not
inereased and so the caleulated figure for the output rose above the
anticipated-level (33)

Post-partus -HyPERTENSION. This 13 of ne umportance n.nd
returns to normal within six months (#7) There is some suggestion
that pituitrin and other drugs given during the third stage may

play a part (54).
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{Feakuess of accommodation. Faralysis of the paraxympathetic
cawses failnee of accommedation ‘The patient may Lo unable to
read for an hour or more after each dose, This does not mntfer
after the mghtly dose but can be distutbing at midday. Eserine
draps may help.

r‘g‘mmy of lhxe)mamh This is common i some degree. A tablet (3('
Pilocarpine nutrate {gram 1f12) taken with each dose mitigates this
symptom R

Putmonary fibrosts. A eurious condition of pulmonary fibrosia
has been found 1n a few patients who had been taking hexamethonium
for & long time (60). In two cases orgamised fibrmous edema with
fibross was found (61) This eomplication has not heen deseribed
with the newer compounds.

D q during L therapy, Of 43 cases,
mamly with malhignant hypertension, treated with hexamethonium
or pentolinium that came to neeropsy 20%, had dissecting aneurysms
{62) This1s an unexpected finding since dissecting aneurysm s rre
w 7 1t 13 suggested that the fluctoation in
the pressures may play & part, or that posubly the hypotensive
agents have a speaific action on the aorta

Oties GANGLION-BLOCKING AGENTS Search continues for a
grughon-blocking agent which 18 effective by meuth, and with &
fonger action than pentolnmm

Chlmxjandmmne (Ecolid) 13 supphied in 50 mg. scored tablets
5:0:" 2 to 200 mg are taken before breakfast with another smaller

-

s“\l,:_‘,::ﬁ‘il.:zz-lf gven by mjection or by mouth Tho averaze
dowr
of
lasty

o 5 cwwsaudl ool pentonum Pra daves daily ¢ are
required  Constipation 1 not caused but e

i vasual disturbances may be

;e‘::er; ?‘:lre;oze {at;ex}\)huprefer peatolinum  The average d)aily
About half that of pentohmum There 13 no

cross-

gﬁx&ﬁiﬁ:”iﬁ drugs and ‘pentolinium, and whep they a:e

. e than 50 mg, teice datly must be given at the

Mecamylamine {Intersiney 13 o secondary amme and is well
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when this drug was introduced, which has row superseded hexa.
methonium. By the subeutaneous route it is five times as active as
hexamethonium and the oral dose required 1s also much less (37).

METHODS. Subcutaneous injections. Pentolinium tartrate can be
given subcutaneously. It is supplied in 10 cc. bottles containing
5mg. per ce. Tho drug is also avarlable combined with ephedrine to
delay absorption in 10 cc. bottles containing 10 mg. per ce  Twoor
three doses daily are required to maeintain an effective control
The initia) dose 1s 4 mg. and the dose Is increased by 1 mg. untd the
systolic pressure standing has fallen to 140 mg. Hg at the trough of
the depression which occurs usually about an hour after the injec-
tion, or until signs of intolerance appear. The dose should be just
insufficient to cause the patient to feel faint when he stands for 2
minute at the time of the maximal effect (57).

Oral. The initial dose 1s 20 mg, three times daily and this &
mereased by 20 mg at a time until the desired effect is obtained.
Tolerance to the drug usually occurs during the first few weeks and
the dose will need to be adjusted accordingly

Pemmdune tartrate (Perolysen) is more potent by mouth than
pentohnium. The mtial dose 1s 2:5 mg. three times daily. This may
be mereaced gradually to 10 mg four or five times daily The hypo-
tensive effect may be increased by giving at the same time chloro-
thiazide 0 5 g. twice danly i

Sine-errecrs  These are due to the blocking of the sympathetic
fibres, and of the parasympathetic impulses which al<o pass through
the gangha

Constipatwn 13 almost invariable with large doses of he..m-
methonium aund paralytic ileus can accur. When hexamethonium
was used in toxaemia of pregnancy three babies died from ileus and
1t was thought that the drug concentrated m the liquor amnii (55).
Constipation 1s much less severe with pentolnium It should be
corrected, as 1t may lead to difficultics in the adjustment of the
dose, since the drug continues to be absorbed from the bowel, and
over-dosage may occur.  YWhen given subentaneously the doses are
smaller and the constipation less

Hypotensive attacks. These may occur within thirty minutes of
a subeutancous injection or from one to two hours after an ora
dose. The patient may faint 1f he stands or be unnble‘w sit up
owing to dizzmess, The attacks are not dangerous mxfl will p‘msvoﬂ'
if the patient lies with the feet raised, but they are mmpammhn)g
and unpleasant and they should be avorded . Prolonged attacks witht
shock have been reported cither throngh disregard of early signs ot

from conetipation (59)
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each other, and there was no signifieant hifference letween them
(¥5) Sumilar results were obtained in another group in which m\“.v\-
tosd was uied (76} There is no doubt that the rauwolfia alkaloids
cam tower the blood pressure and that some patients can have thewr
pressures controlled by them alone

The effect, when taken by mouth, takes time to develop, and may

e hronaht aloss 2L - )

wn st cal w2 L€ 1aDDIE G1AE to the Tefease of noradrenaline, and the
vaso-constriction does not oceur 1f Teserpme Nas been given pre-
viously (77) Tmprovement usually ocenrs in a fortnight (76) but
may be delayed up to three months (74)  When reserpine (Serpasil}

was given mtravenomly, however, the maximal fall oceusred 1n from
1} to 1 hours, the wec = 1 ? ‘

A similar effect
was felt thay th

to it sedatise . on yigge oo igattizant merease 1n renal plasma
flow was found after reserpane {79).

Side-effects These are shght and consist 10 the main of nasa)
congestion, some Jooseness of the bowels, drowsmess and lethargy

The only sertous compheation 15 depression and this seems to ha
confined to reserpine '~ - -

33 vare wath rawwiiod, v
1n one sertes treated Wy
depresston  one patier

izdmntted to a mental Bo_pucar (44 £ he symptoms are restlessness,
msomun and a sense of pame Bradyeardia 15 common with reser-
Pine, but nat with rescmnamine  The pulse rate may fall to under
40 a mmate

PENIOUNITN WrrH RavwoLria The combined use of rausolfia
with pentoliuum was firot suggested by Smurk (80} wbo found that
less pentolinmm was required  When ravwiiod & W was given to
m{m\;ts previously stabihsed with pentobminm alone, st was
&2 :e t‘u\ r;dnr‘e the dose of peatohnsum to an average of one-thrd
v :‘N\.\ b x‘:\h‘;“ fgrmer\y required; aand there was a conaderable
e More‘wﬂ\m esitable effeets of the ganghon-bloching agent
e op oo, some c‘f ;he xx’]e-ﬂfects of rauwoifia eounteract

, deney to & of the Lowe

i}:;m;:z c‘(:sn‘sltl\pmun. the sedation and siowing of the heart a)s\;
Vorkuog agentj BoW to give raunolfia in addition to a ganghon-

R A Cargiol, 7
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abqorpezl from the gastro-intestinal tract. Consequently it is equally
effective by mouth as by imjection (66). The drug 1s supplied in
10 mg, tablets scored into quarters. The action is rather more
prolonged than that of pentolinium. The trough occurs in two houts
and the pressures return to control levels in 6-12 hours {67). Meca-
mylamine does not seem to act only by ganglionic blockade, as
before an intravenous dose takes effect_30~60 minutes elapse which
is much longer than with the pure ganglion blockers There may
also be an rction on the central nervous system and a direct effect
upon the intestines and fhe heart (68). The initial dose is 25 mg.
H!.roe times daily, up to 40 mg. per dose have been given, the average
being 20 mg. {69). The results after 13 years were good 1n 14 out of
20 patients, the diastohie pressure falling to 90 or less  As with other
ganglion-blocking agents, the bination of rauwolfia with meca-
mylamine, will often allow a satisfactory result to be obtained with
smaller doses and 5o with less severe side-effects  Side-effects are
prominent and constipation, dry mouth and visual disturbances are
common It is better to give the largest dose at night (70)
. Dibenzyline (Phenoxyb ) lowers blood pressure but i
apt to cause weakness and orthostatic tachycardia. When raunolfia
~wavadded the average dose of dibenzyline required was reduced from
70 mg._to 70 mg daly and the patients were able to tolerate the
side-effects (71).

Rauwalfia serpentina. Tiis root has been used empincally
in Indsa for a variety of conditions for 3000 years, but Vakil in 1940
(72) showed that the main action was hypotensive It is a sedative,
and also stimulates muldly the intestinal and bronchial muscles (71).
The drug is active when taken by mouth and is obtunable as the
crde root, or as a selectton of active alkalods (reuwiloid), or a3
the two most active alkaloids reserpine and rescinnamune. The
comparable doses of these preparations are 250 mg of the crude
root, 4 mg of rauwtloid, 1 mg of reserpine, 6 mg of rescinnamin®
(73). It was found that these doses could be constderably excceded
without leadng to intolerance but that there was little increase in
the hypotensive action Using double doses no appreciable differ-
ence was noted betveen the activity of the four preparations in &
large series, about half the patients responding to each one. The
less severe cases did better. In another scrics reserpine (Serpasi)
was used in doses of 0-5-2 mg. daily and the same proportion had

& good result, with a mean fall in the diastolic pressure of 47 mm.
me reduction in pressure was reported, however, in every

74) Sor v
iase in one series in which the four preparations were tested against
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and collapse of the circufation, The diet is now seldom used, n.ml

only m combmation with drugs such as pentolnium, or with

wutgesy i i
SysparrEcTony. The aim is to abolish all sympathetic stimula-

t10n from the lower patt of the body. Both sympathetic trunks with

e spanchuic nerves aTp Temoved frot the level of the 8th theracie

tothe Ist Jumbar This can be done as a one-stage (£3) or two-stage

operation {90) In these with angina or tachyeardia it is Letter to

remove the sympathetic nerves from the inferior cervical to the 12th

thoracie panohan  Tha adeenéns-q -F - - -

C-

L}

¥

fuucts wut respond (60} Claims that the life expeetancy 1s
Ionger with sympathectomy than with medical treatment (45) have
not mcluded patients treated with the most recent Arngs {45) There
can be little doubt that the operation i3 faling into disuse, 1t
should be reserved for those who feel they cannot carry ont the
severe and prolonged medical régume

, ,Ctlnc’h.xsinns. There are a number of drugs from sehask to ogep

. « The
. B nta-
" . )Jﬂt
. L s olite lere 38 no
iuss Lolerance befween these compounds a egmban: 1
prove effettive  Rauwolfia com
side-effects, and it 13 usua) to g
Bgents becanse ¥ hag w57 . )
Tequir
side-e .
:‘e:;:ls Veratram, toa s akuss GO tolerate even mndarees
added to raunolf

abanm Afa:

-y vad method about one-thurd
v+ peully nave ev 3
- entuslly been able to manare with roireddfa
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HypraLLAZINE (Apresoline) acts on constricted smooth muscle
in the walls of medium sized vessels (§2) It is stated to dilate the
renal and uterine vessels, and 50 has been used in the toxemia of
preguancy. The renal blood flow is increased in many cases (83, 84)
Hydrallazine can be given intravenously or intramuscularly in doses
of 10-20 mg. The pressure begins to fall in about 10 minutes and
the maximal effect occurs in about 30 minutes {85). 30 mg. given
intravenously caused an average fall of £0%, in the diastolic pressure.
It is supplied also in 25 mg, tablets for oral administration The
initial dose is 25 mg. four times daily, which 1s increased until the
desired reduction is obtained, or untul the side-cffects are prominent.
These include headache, palpitation and rhinitis, and were severein
30% of patients (86). Angina pectonis may be caused Intravenous
hydrallazine caused depression of the RS-T junction (§7). Anaverage
oral dose was 350 mg. daily. In about 109 of patients who have
been taking substantial doses over a prolonged period, o febrle
rheumatic_syndrome may develop This bles r id
arthritis, with pleural and pericardial serositis. Lupus erythemotosus
cells have been found 1n the marrow. Unless the drug is stopped as
soon as the patient complains of pains 1n the joints, the syndrome
may persist for months The arthralgia can be relieved rapdly with
cortisone (38)

Hydrallazine can be used in combination with pentolimunt anfi
rauwolfia. Toxic reactions are, however, frequent and often necessi-
tate the withdrawal of the drug.

VEeRaTRUM VERIDE (Venloid). This drug has been known as &
hypotensive agent for o long time but the toxic dose is so near to
the effective dose as to make 1t of Iittle practical value. OF the
alkaloids Neogermutrine by mouth wags found to have only 0-1 mg
between the toxic and the effective dose which varied from 05 to
0-8mg. (89) The effective dose of Proloveratrine was about 1 mg
The maximal effect of each occurred in 1~1} hours Toxic symp-
toms which comprise vomiting, choking and hiccough became more
frequent after giving the drug for a month 3

Rice Dier This diet, containing virtually no sedium, if con-
tinued for months, undoubtedly causes hypertension to recede
Not only do the pressures fall but retinopathy disappears and the
heart becomes smaller Possibly depnivation of sodium leads to
decreased actvity of the adrenal glands. The diet is, however,
severe and the effect does not equal that of the ganglion-blocking
drugs. Prolonged deprivation of sodium may lead to the low.salt
syndrome characterised by reduced renal flow, museular cramps
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TREATMENT OF HYPERTENSIVE ENCEPMALOPATHY AND ACUTE
PoisoNany (Epeys. Pentolinium 1mg, should be given intra.
museularly, and the injection repéated in an hour. The second dose
may be 2 or 3 mg. but the initial dose should not exceed I mg. sinee
m some patients the p may fall excessively. |

TrEarMexNT OF Martaxant Hyperrexstox  Fifty patients with
malignant hypertension, but with a blood urea of less than 60 mg,
have been treated with three injections of pentolimmn daily, and
with reserpine by mouth, and half are hiving after five years (1)
This is a considerable advance on what has been achieved by other
methods of treatment Retinopathy disappeared, hemorrhages in
a few weeks, papilleedema m a few months. The signs of heart failure
might go and the heart become smaller.

TreatsextT of Beniey Hyrentessiox. The treatment of
essentinl hypertension 1s 2 more difficuit problem since the course
of the disease 18 5o variable  Many patients continue free from symp-
toms for years without special therapy. If they have evidence of
retmopathy or left ventricular enlargement, they should be treated
inan endeavour to prevent further progress of the disease and becanse
they may pass into the accelerated form of malignant hypertension.
Sinee there is no urgency, oral preparations are to e preferred
Rauwolfia should be given for a few weeks, and if the pressares are
still high, hydrallazine can be started in doses of 23 mg four times
daily We have found it best not to exceed a daily dose of 306 mg.
and the patient 15 told to stop the drug if headaches or palptation
ensue, or if the joints become pamnful or swollen. Finaily pcutolin{um
15 begun m doses of 20 mg. three times daily  or mecamylamine,
ar perolysen 25 mg can be given twice or three times datly. The
dose of pentohnium is increased by 20 mg each week, and of pero-
Iysen or mecamylamine by 25 mg, until the pressures have f{lllen to
satisfactary levels or signs of mtolerance appear Any tonstipation
should be treated with laxatives but the dosage should be regulated
so that the patient is not troubled with dizziness or visual distur-
pances. The attamment of normal pressures should not be sought
at the expense of making the patient feel nuserable since the carchio-
vaseular system may bo afforded considerable relief when the pres-
sures are still above the accepted normal.

. Page, 1. H,, Corcoran, A C 1952 Circulation, 6, 286

. Hamulton, M., Pickenng, G W. etal 1953 Clin Sex 13, 11
3 Brit, Heart J 1939.1, 261:
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5 Roberts, L. N. ¢ o 1033, Circelateon, S, 232
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. CHAPTER 5
VPULMONARY HEART DISEASE

JPU'LMO)‘ARY beart dicease 15 a_disorder of the_right heart _with
or without heart failure: 1t results from disease of tho lung paren.
chyma, or the pulmonary vascular tree, or hot‘h.’ Lung disease
which is secondary to heart disease is excluded” In all forms ‘of
pulmonary heart disease there 158 rcducti‘_un ?f the total p:xlmf?n\?:

wias

Pulmonary heart disease includes many unrelated conditions
which have little 1 common beyond puimonary hypertension and
hypoxia some Tony develop as on acute condition, winlst in others
the process 13 1asidious and protracted over many years There are
many varable and overlappmg cardio-pulmonary factors which
contribute to the clinieal pieture in every case, so that no definitive
classification 1s entirely satisfactory The accepted division into
acute, subacute and chronie types of cor pulmonale has little to
1ecommend 1t, since neither mtiology, pathogenesis nor abnormal
function 13 ndicated  Furthermore, any one causal mechanism
such as pulmonary embolism may oceur as either an acute or a
chrome condition

At present, if classification 1s required at all, 1t would seem reason-
able to divide these diseases into the two groups of hypoxic or
hyp cor pul hased on the domi functional
disorder  However, any one ®tilogy may present as a chnical
problem in either group, thus whilst emphysemsa or eystic disease
usually belongs to the hypoxic group oceasional enses present as
hypertendive pulmonary vascular disease This wide range of
tirzeus‘es 15 tepresented at one end by hypoxic emphysema without
or ihopathie putmonary

Chrome obr \; h
chronic cor pulmonale.)

heart dicease or
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{5). Other causes of chronit Lot puunues - P

213 et e .
‘mg};noozxasxqs The clumea) features of pulmonz.\r} heart d{seasvi
and its rate of development depend on the relative seventy and
internction of many causes, of which an
% 1 1

oreemia from respiratory

from red of the
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whilst the residual
volume of the m SLo Yo v sneransent 1o sOmE 308, of total
lung volume {6) he
C0, tension 1

tve
obliteration of alveolar-capmllary surface by chronie innanunauon,
ol Tucti

ol actual mn number of alveol
and vascular shunts m areas of damaged lung tissue (7, §, 9).
Chromc artenal hypoxia eauses hypervolemia, increased cardiac

l\ output and polyeythemia (when the arterial saturatu
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on is below

Ve

obstructrve pulmonary artenal disease (see p 213), rately severe

JRRE

some fixed structural changes are present because the pressure 1s
rared in a proportion of patients at rest, and before the development
of faure (12, 10) In the early stages pressure 13 only raised on

exerarse  the first endence of failure being an elevation of nght
ventricular end diastalic

by pressure to some 7-10 mm Hg on exercise
The wmereased

p for pul 'y hypertension
15 due to a great reduction m total pulmonary vase

A cular bed “Thia |
15 the result of loss of vessel-bearing lung tissue, the replacement of
long with & vascular scar tissue, perivascular mfammation ang /
obliterative end , medial hy phy and even ath !
Furthermore, hypertension 13 mereased by the greater viscosity of
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Secondary emphysema associated with kyphoscoliosis, asthma,
pneumoconiosis.
Severe chronic pulmonary fibrosis associated pnemmoconioss,
bronchiectasis, tuberenlosis, sarcoidosis.
Diffuse interstitial fibrosis (Hamman-Rich) and miliary carcino-
matosis,
Cystic lung disease.
Massive obesity (hypoventilation syndrome).
v Hypertensive pul 'y lar di
Primary pulmonary hypertension.
Secondary pulmonary hypertension (excluding primary heart
disease)
Pulmonary embolism—repeated and small, or single sad
massive (with or without pulmonary thtombosis)
Collagen disease, Pulmonary arteritis.
Schistosomiasis
Parenchymal disease usually presenting with hyposia but
oceasionally with dominant hypertension, e g carcinomatosis
and cystic disease,

EMPHYSEMA HEART DISEASE AND OTHER CAUSES
OF ANOXIC COR PULMONALE

Much frutful research into the problems of chronic cor pulmonale
during the past tuo decades has fed to a clearer understanding of
this disease and rationalsed its treatment In this condition right
ventricular hypertrophy and eventually heart failure results from
respiratory insufficiency, which 1s always due to chronic disease of
the lung parenchyma. The cluueal picture at any stage is due toan
interplay of many factors in the cardio-respiratory system* u.ut-
standing features are arterial unsaturatron, pulmenary hypertension
and polyeythemia. The ineidence of chronic cor pulmonale ranks
with ischzemic heart disease, hypertension and rheumatism (1), but
in rural areas it 1s much less common so that the overall incidence
in the British Isles is probably between 5 and 103, of all erganic
heart disease (2) Males over 45 are the usual victims

_UEtiology. The commonest cause of chromc cor pulmonale
1s chronic bronchial inflammation due to infection, ar pollution,
smoking, and changes in teffperature and humdity, msucin}cd with
the development of diffuse obstructive emphysema Chronic severe
bronchial asthma with secondary emphysema {3) and kyphoscoliosts
with emphysema may lead to the same type of anoxic cor pulmonale
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fhas been shown that the arterio-venous oxygen dxﬁ'erTe:vc i n:n}:;nk
irrespective of !‘hg Presence OF nbr/al:cexo( failure. There is m“‘g_ h

PRI PR Cate an

not provoke o further adequste jnerease. When ﬁ\i]l{rc i§ scveni
u:x p, longed, and pul ry vascular t is high, th
cardiac ontput fa¥h below normel valees .

A t an function is d in all of these deviations
from the normal; with effective treatment anoxemia may be
dimimshed and followed by a fall in cardise ovtput, pulmonary
Typertension, and in the degree of polyeythemia, )

Clinieal features, The clinjeal features of congestive heart
o . 3

gl oL
presence of emphysema

The onset of heart fadure 13 tecogmsed by the appearance of
@dema aud. 5. rased jugnlar venous pressure  Even at this stage
emphysema may make auscultation of ittle valne, but in some cazes
an alnormally lond pulmonary second sound and even a pnlmenary
dsastolic murpur may be heard A night ventricnlar gallop thythm
taay be heard high 1 the epigastrium where a foreible pulsation of
the right ventricle may be seen and felt Radiography 1s the only
rehable method of assessing cordiae enlargement m emphysema

{ Polyeythemia strongly snggests that the heart is mvolved, even
in the absence of faure (22) Moderate finper clubiinn o ~f-
mrosamt «md - '

y hyp ion are iable ju the

chowe. 3

P

wuiy

R
- veoulary usanehes are enfarged, but‘m the peni-
phery vaseular marlungs sre dimimghed Latgem the disease r’éh@
heart enfargement, beeomes appareny (Tigs 624 and §2r1
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polycythemic blood, and the augmented cardiac output of chron
{\noxmmiu adds yet another factor. Although the exact mechanis
is unknown it is clear that ia per se is responsible for son
increaso in pulmonary artery pressure (I4, 15, 16). Pulmona
resistance is in the extreme range of 10 units or more in abo
209, of cases {2).

H g ) N 1 T rmm
P A 1
M—{hww o

i ST

LsE ‘v o
ot ot Al s
ot 2 ol

Fio. 61. F shows puls y dastolic murmur
(P.E.D M) 1n anoxic cor pulmonale with exceptionally high
vascular resistance. a = large atrial sound 1 = first sound
2 = second sound H.F = high frequency L.F = low fre-
quency PA — pulmonary area, LS E. = left sternal edge

Carplac OvuTeuT in chrome pulmonary heart discase may be
above or below normal resting values. Anoxwemia, hypervolemia,
infection and raised oxygen ption tend to iner cardiae
ontput, but when clinical failure 1s present the cardiac output is
madequate for the demands of the body. The renal blood flow and
glomerular filtration rate are depressed during failure, and im-
proved during recovery (17). Temy Y er des of renal i h
may precede the development of congestive heart failure (17). It




TREATMENT 205

Electrocardiography. Here also difficulty is cl\co\!ntcred in zeparat-
wig those wigns due to emphysema alone {vertical axis nnd' RS
complexes extending across to the left chest jends), and ih?w E!ghs
which, often appearing late in the disease, indicate deﬁx}\te right
heart hypertrophy. Tall P waves are best seen i lead 2 derived from
YR and VF and n 71 or CR1 {P. pulmonale) and these indieate right
atriol hypertension  The earliest mgns of nght vcn(ricul:\\' hyper-
trophy 15 the appearance of a small secondary R wave in right-sided
chest leads (V4R to V1) {19) In chronic cor pulmonale 1t 13 unusual
to see extreme evidence of hypertrophy with monophasie R waves in
the night chest, as seen 1n hypertencive pulmonary vascular disease,
‘but in late stages of chrome emphysema heart it is common to find a
SR’ pattern 1w aVR and nght pectoral leads: the secondary R
wave is relaively tall and late  Right ventmeular strain may be

e pussasuny

artery pressure {associated with fresh lung infection and heart
farture} may be associated with negative T waves from V1 to V3,
Right ventricular hypertension mav anenvan thaoommee - -0
cardiogram but definite E(

trophy 18 not found 1n the
110 (T £ a3 £ 00

o sviin alia L some cases contnuous chemo-prophylativ
m“)(; Ye m}i‘v\sa\ﬂe Where financial and sovial factors permut
Tesidence should be away from mdustrial area N ]
e sho y areas  Smolung should
d‘g;l::rt falﬂrf 'Pahenls in emphy<ema heart falure lieneft fore

and At - sunaled wWhere thawa a1 -2t

< A\~f] I the most severes cases
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Fic 62n Prmary
pulmonary hy per
tension  No diseaso
of lung parenchs -
ma. Massive night
ventriele and large
mam  pulmonary
artery at necropsy

PurLyoNary HEsRT DISEASE

Fic. 624, Chronte
hypoxic cor pulmonale
due to emph) sema and
asthma, At necropsy
night ventricle nearly
o3 thick as left. No
occlusron of marn
branches of pulmonary
artery Giant em-
physematous bulle.
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L fiography. Here glso duffienity is 3 in separat.
ing those signs due to emphysema alone {vertieal axs ““d‘RS
complexes extending aeross to the 1eft chest leads), and thowe signs,
whuch, often appearmg fnte mn the disease, “.\d\m(c deﬁ\utc right
Teart hiypertrophy. Tall P waves ave best seeninlead ‘.’.‘dct.l\'ed from
VR and VE andan Vi or CRY (P, pulmonate) and these indicate right
atnal hypertension  The earbiest spns of nght \-cm:'xcul.ar hyper-
Srophy 1 the appearsnee of o small secondary R wave in right-suled
chest leads (V4R ta V13 (76} Tn chronic tor pulmanale it 15 unasual
toeee extrerse evidence of hypertrophy with monophasic R waves
the right chest, as seen fu hypertensive pulmanary voseular disease,
but 1 Late stages of chrowe emphysema beart it is commen to find &
SE pattera 1n aVE and right pectoral leads the secondary R
wase 13 relatively tall and late Right ventrieular stran may be
detected 1n teads placed higher on the chest wall (V2 m 3d LCS }
where a secondary R wave greater than 4 mm was frequently found
m coal miners with pneumoconosis (20} Acute tises i1 puimonary
artery pressure {(associated with fresh lung imnfection and heart
farlure} may be assocrated with negattve T waves from V1 to V5
Right ventnicular hypertension may oceur in the presence of a normal
cardiogram but defimte ECG enidence of nght ventneular hyper.
traphy 15 not found m the presence of normal right heart presayres
(29} (Pigs, 63 and 64),

Treatment. Proplylasis i important. Patrents sith chronie
$ung dnease should receive vigorous antihrotie therapy for threatened
fung wfection, and in some cases continuons chemo-prophylaxs

may be wdvisable Where financial and social factors permt,
residence shonld fie awa;

y from industr: %
e e y from strial areas, Smoking shonld
Heart fallitre Paseans- -
digitalis, althou .
even harmfu} '
PRIy -
> poiyeythaemia

Tawn every fen
vy dtquires treatment azul’ itz consequent

anoxamia relieved as far as possible, Oy tedn

the acute stages and mmﬂp\?:w\«;_ J3yen therupy i mdueated
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Fia, 620, Primary
pulmonary  hy per-
tension  No disease
of lung parenchy-
ma. Massive right
veatriele and large
mmn  pulmonary
artery atl necropsy.
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Fra, 62a. Chrontc
hypavie cor pulmonale
due to emphy sema and
asthma, At necropsy
right ventricle noarly
rg thick as left No
occlusion of marn
branches of pulmonary
artery Giant em-
phy sematous bulle
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Fig G2 oo

P waves

trophy {8 wox

Tasealer tlouiee S &Y fiectopsy Trght and 1ef 1
romscle ecquat

JRRPTTY
entricular

antiwoties, whether or not there 13 overt lung nfection, Vroneho-
dilator drags and » sedative. congh Jivtus  In the recovery phase
breathing eXeraises are usefa), and postural dramage may be in-
dieated  The yoduttion of bem~sn

o s vuesnvely dreated, and alveclar wa-rt
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.oxygen carries_considerable risk (25), carbon dioxide retention 15 8
Inte manifestation of cor pulmonale, and at this stage hypoxia is
the only stimulus to respiration, thus oxygen administration may

i i
f i

HThA
B !
i

3

¥
{
!

s == ss)

Fre. 63. Chronie hypoxic cor pulmonale due to asthma and

emphysema, P *“pulmonale” beat seen i leads IL and II1. Sumilar

patterns m VR and VL due to vertical heart and deep S watves

from V3 to V8 due to rotation Only shight right ventricular
hypertrophy at necropsy.

result in respiratory paralysis, acidosis and death. Although oxygen
poisoning is relatively rare, and never oceurs in the carly stage,

. |there is much to be said for using intermittent oxygen therapy in all
}"/ cases. Control by careful clinical observation is essential, and in
etients with definite CO, retention, gas mixtures containing less
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of cases of lang standing genernhised pulmonary sarcoid have marked
abnormalities m function, organdsation of fung tissve leads to
increased work of bresthmg, obstructive emphysema and a fow
iffusion capacity. Hypoxic_cor pulmonale with moderate hyper-
tension develyps in relatively few eases (1, 9) ~ Obliterative endar-
tenitrs 18 rarely present, but the picture of hypertensive pulmonary |
vascular disease does not arise as parenchymal Jesions sn the lung
determine the climeal features

1 Stone, D J etal. 1933 Amer J Med 15, 468
2 McClement, J H etfal 1953 Awmer, Rer, 67, 154,

Cystic lung disease. Honeycomb Lung Disease may affect
all of both lungs or only a part of one If the patient with diffuse
diease survives the hazards of pneumothorax, pneumonia snd
renal fallure (in congemtal eystic disease) chromie pulmonary heart
disease 13 a hikely development {Fig 63). Respiratory muffeency

Fio 85 Cysuc ) 3 N -
st Jung disease leading to
TOnary hypestension and deatl, from heary s meert P
o frr re. Samo case

a4
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improved, a considerable improvement in all aspects of anosic
cor pulmonale 15 possible. The outlook for this condition is not as
gloomy as it was in the past.
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Other causes of hypoxic pulmonary heart disease. In other
types of lung disease which lead to hypoxic pulmonary heart disease
the wtiology and pathology may be very different from cmphysynm
but the phystological derangements which lead to right heart failure
are similar. The degrees of anoxemia, pulmonary hypcr‘ten‘w"
and polyeythamia and their rate of development determine the

- e Dl atan erthor

.
‘[monary heart disease and it is & common termmal event 1n smt:w
| tuberculosis. Asbestosis, beryihum fibross, scleroderma, sarcofdosiz,

" eystie lung disease, radiation fibrosis, and long standing tuberculosis

\“-ich scarring, pleural thickening and the results of extirpative

| surgical therapy are other less common causes. i
L Sgarcoidosis. This condition may lead fo extensive ch'rax'uc
fibrosis fn the lungs and ultimately to cor pulmonale The majority
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canse is unknown  The walls of alveoli are thickgnt‘d and the inter.
stitial tissue of the lungs undergoes o progressive diffuse fibrosias
this leads to difficulty m diffusion and greatly inerenses thev\\.'nrk of
breathmg At first it was considered to be an acute Fondmon n
but many cases have been destnbed 1n which the disease runs a
fatal course after many months or even after several years.

The symptoms ate mainly respiratory. Dyspnora may Le sevete
even ab rest  Anoxmmia 13 marked and clubbing of the fingers
appears There may be no signs at an early stage, but later fine
adventitions sounds may be heard over both Jungs Although in
some cases death may occur from acute respiratory fmture (2),
sooner ot later hypasic cat pulmenale develops in others (2, 3, 4)
Severe puimonary hypertension may occur (5) but is unusual in this
rather rare disease.

"The treatment 15 the Sate as in emphyremn heart disease, Diffuse ,
wterstitial fibrosis resembles the subacute collagen disorders in '
some ways and steroxd hormone may bring considerable temporary
Tebief 1m gome cases (6) but 1t does not cure

1 Hevoman, L, Rich, A R 1044 Bull Johna Hophina Hoxp 74, 177
2 Rubm, £ etal 1952 Ann. ot Med 36, 864

3 Caflahan, W P ctof 1952 Arch wnt Med 90, 403

4 Sioper, § C, Willams, Bt 1035 Lanext, 2, 533,

3 Amott, W, 5{ 1955 Brt med J 2, 239.

€ Moore, F § etal 1957, Arch wt Med 100, 651,

Pul{rmnﬂry heart disease due to obesity. A currous syndrome
COMPTISING exireme ubesity, cyanosis, somuotence, hypercapnia and
ultimately right beart failure has been the subect of several tecent,
reports. First described by Kerr and [acen o 1090 11 ¢«
e

of

ti0 « wsuass WL tung volume, & Y
TR , decreased functi

vesidunl capacity and decrens . o

e ed velume of expis
Weight reduction aed emce - 0 of expiratory reserve (3)
Ay spnas and ¢
one case (4}

< . AaysmsCaaan syn-
n‘l’r?%?Ckl:zs Bu g eiletal. (5), because of the siular features. d.e%n\lwﬁ
b !)\owed o 10 his famous fat bay, they describe a stagle case who
< same features and developed cor pulmonale with fajare
Sreat weiht veduction. was afeo follawed. by loss of wdema,
iiads ‘?;pt::;ns!on and hepatomegaly, even right bundle branch
5 normal conduction A further two cases were
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is duc to the presence of muitiple non-functioning aircysts up to 1 em.
in diameter, combined with interstitinl Sbrosis (The cysts do not
communieate with bronchi in cases which are undonbtedly con-
genital (£).) The pathology in 66 cases has been recently described
1{2). Secondary cystic disease may be associated with cosinophilie
‘granuloma, tuberculous bronchopneumonia treated with strepto-
jmyein, sarcoid, berylliosis and scleroderma. Pulmonary hyper-
itension due to 2 relatively hugh reaistance may produce the picture

; .
% . Iy s f L

Fro, 66 Cystie lung dsease causag right axiy devsaton n{nd
signs of great nght ventricular hypertrophy m V1 and VR,

1
s

with the emphasis on hypertensive rather than hypoxic Jung disease.
We have seen such a case with a very high resistance (Fig 66) and
Waood (3) records one with & mean pulmonary artery pressuro of
43 mm Hg and a resistance of 10 units  Such cases show consider-
able right ventricular preponderance on the cardiogram as in the
case described by Bedford (4)

1. Norns, R. F., Tyson, R. M. 1947, Amer. J. Path. 23, 1075,
2. Heppleston, A. G. 1956 Thorox, 11, 77. ., .
3 Wood, P. 1957 Diseases of the Heart and Circulation London, Eyre &

Spottiawoode.

. Bedford, D. E 1951 Proc. Roy. See. Med. 4%, 597

Diffuse interstitial fibrosis of the lungs (Hpmmuu-Rwh Syn-
drowae). 1t is uncertain whether this is a single disease entity as the

4.
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canse1s unknown The walls of alveoli are thichened and the inter-
stitial tissue of the lungs undergoes a progressive diffuse fibrosiss
this leads to dsffieulty in diffusion and greatly increases tho work of
breathing At first 16 was considered to be un neute condition (1)
bat many cases have been deseribed in which the discase runs a
fatal coutse aftet many months or even after several ycars,

The symptoms are mainly respiratory Dyspncea may Le severe
even at rest  Anoxemia is marhed and clubbing of the fingers
appears There may be no signs at an eatly stage, but later fine
adventitious sounds may be heard over both lungs  Although in
some cases_death may oeewt from aeute vespuratory failure ),
sooner ar later hypoxic cor pulmonale develops in others (2, 3, )
Sevese pulmonary hypertension may occur (5) but is unusual i this
rather rare disease.

The treatment is the same as in emphysema heart disease. Diffuse

fbrosis the te collagen disorders in
some ways and steroid hormone way bring conuderable temporary
relief fu some cases (6) but st doee not cure

1 Hamgnan, L, Rach, A R. 104%. Bull Johns Hopkins Hosp. 74, 17
% Bab B eval, 1952 Amn i Med 30, 860, Hoep- T4, 173,
3. Callahan, W, P. efaf 1052 Arch wne Med 50, 463

4 Noper, J €, Wifliams, E 1955 Laneet, 2, 533

5 Amon, W M 1935 Brit med. J.
§ Moore, F K etal 1951, rch. v

2,27
Aled. 109, 831

m;uXmonary heart disease due to obesity. A curious syndrome
“““I;l:;;z}g ;s;thr:l:z (;:zeisny. cyanosts, somnolence, liypercapnia and
seponts B art faslure }ms been the subject of several recent
arcxmn\ssem ‘e;mbed by Kerr and Lagen 1 1036 (1) no further
of thews fe;m 0 have 2ppeared until several patients showing some
e hurm were desersbed 1 1955 (2, 3, ) Respiratory fune.
Tt c: owed decreased total lung volume, decreased furictional
Weigtt 1.edpalmy and decreased volume of expiratory reserve (3)
G)‘S;nmag“,;tc:;l and venescetion wero followed by great relief of
one came (;) T hems. bat &)mven!\\ation and cyanows remaied m
dome” by ey ‘12 condition has been ealled a “Pickwickian syn.
5 Dickens oy );ea ftt al. {5), because of the similar features deserrbed
Growed et amous fat boy, they desenbe a single case who
grest wonghs eatures and developed cor pulmenale with falure
LAY gt }ffl\mhon 35 also followed by loss of adema,
10n and hepatomepaly, even right bundle Uranch
» ormal conduction A further two cases were
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jsduetathey of multiple non-functioning air cystsup to 1 em
in diameter, combined with interstitial fibrosis. (The cysts do not
communicate with bronehi in cases which are undoubtedly con-
genstal (1)) The pathology in 66 cases has been recently deseribed
‘(.?). Secondary cystic disease may be associated with eosinophlie
Ve ﬂgmnu]oma, tub 1 bronchor fa treated with strepto-
jmyemn, sareoid, berylliosis and scleroderma. Pulmonary hyper-
‘tension due to a relatively high resistance may produce the picture

o R ]

vi '

Fra. 66 Cystre lung disense causing right a<is deviatron and
signs of great right ventricular Bypertrophy wm VI and VR

with the emphasis on hypertensrve rather than hypoxic lung disease.
We have seen such a case with a very high resistance (Fig 66) and
Wood (3) records ane with a mean pulmonary artery pressure of
43 mm Hg and a resistance of 10 units  Such cases show consider-
able night ventricular preponderance on the cardiogram as m the
case deseribed by Bedford ()

1. Norms, R F, Tyson, R, M 1047 Amer J Path 23, 1075

2, Heppleston, A G 1936  Thorar, 11, 77.
3. Wood, P. 1957 Diseases of the Heart and Corculation  London, Eyre &

Spottiswoode,
4. Bedford, D. E. 1951. Proc Roy So¢ dled. 43, 597.

Diffuse interstitial fibrosis of the lungs (Hamman-Rich Syn-
drome) 1t 1s uncertain whether this 1s a single discase entity as the
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that severe secondary pulmonary hypertension {rom mitral d\*c'x\ﬁc
and congenstal shuats (Eisenmenger syndrome) produees & similar
Clinfeol picture of hypertensive pulmonary vascular disease, the
features of which may entirely obliterate those _of the underhying
Tewon The “purest” esample of this condition 13 found m so-called
dsopathic (solitary) putmonary hypertension

IDIOPATHIC PULMONARY HYPERTENSION
{SOLITARY PULMONARY HYPERTENSION)

The cawse of ths interesting and uncomsmon dhseass remains
naknown, Many cases have been described and investigated during
the past 20 years (I-20) ‘Ths condition 1s & distinet disease. its

wan puitnemary hypertension

Pavsioroey axp Parroroey The prewsure in the pulmonary
artery may be raised to the level of systemc arteries, the systohe
pressure 1s often above 100 mm Hg 111) In one series the average
®as 111159 (8] exercise produces a further tse of prewsure. In
the late stages of the disease pulmonary hypertension 1a fowered hy
night ventricular falnre  When the pubmonary capillary pressurs
©an be measured it 15 found to he normal, but the ;m\mem\:v wasenlar
Tesistance may be exght times the normal (3) with an nveﬁge of 15
vutts (22) “Normal wedge pressures and hygh resistance mdseate that !
the abstruction 15 at o precapdiary tevel! Indicator-dilution tech.
uques show that there 15 a arculatory detay but no major shunt,
although 3 small veno-artenal leak may oceur through a fommﬂ;
ovale, as shown by early appearance of dye in the systemic curemia-
fon after 1t wmjection at level of the venw cavae (4]
rh'f}‘\f“ I:Elm?nzfry vascular resistance showa little tamlan-e +

. <asutlids UXFEeN Suturation 15 normal b
‘:}:sntf:‘g z\ilgv‘;t‘g“ln‘ ihffl s;zg&s of the dwease or, from s&u‘:\d:\:\i
hlood 1 i
Rt necropes e b rough a foramen avale (8).

is heavier than normal becaunse of right
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described by Carroll (6) one of whom was examined at necropsy.
Both had tremendous appetites and were grossly obese, their chests
were relatively immobile and breathing was of the abdomnal type.
Heart failure associated with carbon dioxide retention and cyanosis
oceurred, and atrial fibrillation developed 1n one. At necropsy there
s was dilatation and hypertrophy of the right ventricle, the lung
| vessels were normal, there was terminal bronchopneumonia but no
{ emphysema or fibrosis, Two similar cases reported from the Mayo
Clinte () also demonstrated the great improvement which may be
achieved by weight reduction, all the features of heart failure and
albummuria disappeared, high erythrocyte counts became normal
rand cyanosis disappeared  Primary cardiopulmonary disease due to
iobcsny emphasises the adverse effects which obesity may have on
patients who have other forms of heart and lung disease’ existing
dysfunction may be aggravated by the hypoventilation syndrome.

1 Kerr, W J, Lagen, J B 1936 Ann. ant Med, 10, 569
2 Wel, M H 1938. J Amer. med Aas 159, 1592,
Sieker, H 0 1933 J, clin. Invest. 34, 016
Auchmloss, J H etal 1053 J chn Invest 34, 1537
Burwell, C 8 1956 Amer J Med 21, 811

Carroll, D, 1956 Amer J Med, 21, 819

Lillington, G. A 1957 Proc Mayo Chn 32, 585

vaae

HYPERTENSIVE PULMONARY VASCULAR DISEASE

This title includes varjous conditions i which a high pulmonary
vaseular resistanee 15 cwentmlly due to occlusive disease of lung
vessels The resulting obstructive pulmonary hypertension and
right ventricular strain 1s similar to that produced experimentally
by o variety of methods of occludig the pulmonary arterial system
n ammals, Pulmonary artery pressure may be of the same order
as in the systemuc eirculation, causing right ventrienlar hypertrophy
and secondary damage to the liming of the pulmonary arteries. The
clmieal picture 19 ndependent of 1ts eause  Common symptoms are
dyspneea on exertion, anginal pain, cough and hemoptysis, effort
gyncope, palpitation and hoarsencss are less common The signs
are essentially those of pulmonary hypertension with periph.crnl
cyanosis_and varying degrees of right ventricular fuilure, slight
Janndice is not uncommon. . .

Only those eonditions in which pulmonary hypertension is
primarily due to lung vaseular disease, with or without pare.nc_hymu)
disease, are included here as pulmonary heart disease; but it is clear
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that secere secondary pulmonary hypertension from mitral diseass
and congenstal shunts (Eisenmenger syndrome) prndnccj a similar
climeal preture of hypertensive pulmonary voseular disease, the
featnres of whieh may entirely oblterate thowe of the underlying
Yesion, The “purest”” example of this condution i+ found 1n so-called
idtopathic (xolitary) pulmonary hypertension

IDIOPATHIC PULMONARY HYPERTENSION
{SOLITARY PULMONARY HYPERTENSION)

The canse of this interesting and uneommon discase remamns
unknown  Many caces have been deseribed and investigated durng
the past 20 yeats (1-10) This condition is n distinct disease: ats
exential features ate severe pulmonary hypertension due to occlusion
of the ematler vessels m the lesser cireulation withont parenchyma.
tous lang disease and any of the other usual abnormahties asociated
with pulmonary hypertension

HYSI0L0GY AND PatRoLOGY The pressure in the pulmonary
attery may be ramed to the level of systemic arterres, the aystolic
pressure 1s often ahove 100 mm Hg (71} In one series the averape
was 11159 (8) exeranse produces a further mse of pressure  In
the [ate stages of the disease pulmonary hypertensian is lowered by
fight ventncufar falure  When the pulmonary capiffary presure
'»}n l:e meaxured' 1t i3 found to be normal, but the pulmnnm:\ vascular

Vo e LS

I:l;{‘\‘x:: ;}‘:?s:l:\: :«‘::- :1 :ru{-clula‘:ory delay but no major shunt,

orate B & omall venoa 1al leak may oceur through a foramen

o 3y early appearance of dye in the systemie cireula.
o ep“iltl:;:l:r;uon th l‘e\-el of the Tene cavm (8)

y vaseular rewistance shows hittle tendency to
f)’:::rg:c t;l:;cr:]};alauon of 100°; oxygen (4) pomting to fixty n)( the
Mﬂdm;l.ch “ar ocelusion; howerver, the imjection of emall amounts
Tt (L :s\te may cause a fignificant fall of pulmonary artery
- addltloﬂg?Q g that there 13 some puimonary vaso-constriction
o epion to orgvnmc obstruction (12, 13) The cardiac output 15
iy ;1:;]) fixed  Artenal oxygen raturation 13 normal but
i {% ly i late stages of the diease or, from secondary
tang of venous biood through a foramen ovale (8) X

Becropsy the heart 19 heavier than normal becanse of nght
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ventricular hypertrophy; anh average heart weight of 393 grammes
for 11 female cases was much higher than the normal of 250 grammes
(10). The pulmonary artery is dilated and the main branches often
how gross intimal thickening and even atherosclerosis, but the
105t important lesions_ are in the small vessels where extensive

Fic 67 Primary pulmonary hiypertension Pulmonary arterio-
gram shows obstruction of all small radicles of vascular tree
grving the appearance of a “denuded shrub in autumn.”

occlusion is well shown by means of post-mortem pulmonnry
xTrtcrxogrin)s (10) The vascular tree Iooses 1its fine tracery “f‘“] is
replaced by o pramung of the lobular vessels and fine b}'ﬂnchce, giving
the appearance of a denuded shrub in autumn (Fig. 67) When
larger arteries are occluded by thrombus, anastomotic vessels may
bae seen and br pul ¥ ications are p}"cscnt On
histological tion the most ficant changes aro in the small
musenlar arteries (J0) where ecllular material may ecclude most of
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the lumen by intimal proliferstion: these changes ate most con-
spicnons in fegons where there is medial hypoplasia or aplaua
Many suthors huve fesenbed medial hypestrophy, but owing to
varying degrees of post-mortem contraction _Evnm (f al. {10) con-
sder that hypertrophy cannot e identified with eertainty, Further
down the vascular iree the arterioles show varying degrees of
intimal prolferation and sometimes completo occlusion, nt any
level there may be secondary thrombosis  Whether these n'lmormx.xh- !
tie are prmary or secondary in relation to the eause of high resists
ance, and conequent pulmonary hypertendion, temains utknown

-Cuvicar, FeatuRes  The disease may be discovered at any age.
All reports agree on the great preponderance of females: a point
which may well have wtiologieal significance.

Dy<pnea is the commonest symptom. Orthopneen and paroxysmal
dyspnces ocour fate in some cases  Pain in the cheat on effort 1a
common and indistinguishable from sngna pectona, it way be
telated to fschzmic changes which appear on exereice 1n the electro-
cardiogram (24) Effort syncope is slse common, and probably
due to acuve Tight ventnenlar fatture {15).

Patients who have developed symptoms usually show prripheral
£¥3n0%is; late in the dicease a characterstic blotchy violacious

sduetoa binati heral

of peny va istnetion
from low eardiac output, hugh cotaneous oxygen extraction, poly-

esthemia and stight artenal unsaturation The physical signx are
esentially those of severe pulmonary hypertension from any cause
@ small pulse, large “a” wave in the venous pulse, increased nght
ventrctlar pulsation and 4 nelnabia e

tation there

sonnd and : .

heart falure

eard over tue it venthete, 13 common.
. Imuhga{nm help m two aspects of the cluneal problem, firstly
y eonfirming the severtty of the pulmonary hypertensine disease,
:l\\nd secondly by exclusion of the other usual causes of pulmenary
“ﬁn}:\swn The elecirocardiogram shows unequivoeal evidenco
o ‘1‘; v}znywlar bypertrophy and vsually nght atmad hyper
my: Y . d‘l’ ;:(Iiogrcal cxammation shows the mamn pulmonary
o l'eym“ ;;th :n every case and the mamn pulmonsry branches
™ M"‘Eh but the peripheral fields are ssohamin 1Tns

JER Yo
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(Fig. 68). Splitting of second sounds is narrow and there is accentua.
tion of the sccond component. An cjection click may mark the
onset of & mid-systolic murmur over the pulmonary artery.
Cardiac catheterisation is an essential investigation if the solitary
nature of the pulmonary hypertenston is to be firmly established
However, if the catheter tip does not enter an A.8.D., V.8.D. or
P.D.A. a shunt cannot bo excluded as blood gas analysis from right
heart samples may not always reveal significant elevation of exygen
saturation from a left to right shunt. In cases where there 1s systemic

;

i IR } R Wi Ii.‘l:n-“ {:u] e vl

—_—

Ix_ 2 REDM | o

Vo

!

Fio, 68. DI'nimary pulmonary hypertension  High frequency
phonocardiogram at pulmonary srea (H.F P.4.), Shows pul-

monary dinstolic murmur (I.E D M ) and ¢jection vibrattons (X)
m carly systole

arterial unsaturation (due to a right to left shunt) the use of indreator-
dye dilution techmques makes 1t possible to locate the site of the
shunt In some cases although studies of blood oxygen saturation
gave no evidence of an intra-cardiac shunt the techmque of selective
dye injection has demonstrated the presence of a ventricular septal
defect (§) Cme-angiocardiography may be used to exclude right to
left mtracardiac shunting but the value of the method in the differ-
ential diagnosis of pulmonary vascular disease has not been fully
assessed

Prooyosts AND TREATMENT Once <erions symptoms have
np})cared the disease runs a rapid downhill course 1n most cases,
but some increased breathlessness on effort may bo noticed for
many years before the final stage When the date 9! onset of
symptoms can be firmly established the subsequent history lasts
from & months to 7 years, the average 15 2} years (10) Pregnancy
appears to be eapecnally dangerous. No effective treatment 19
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mas.. The preponderance of orgame vascular occ.hl-ipn vre\‘;n(ﬂ
vaso dilator drugs having any significant beneficial effect, Tro-
longed anticoagulant therapy has been suggested (16), but there ie
1o evidence that it alters the courze of the duease (12

1 Breoner, O 1935 Arch ant Med, 55, 457, 1180

4 Tast,t 1930 Bt Heart$ 2,189

3 Barrett, A M., Cole, L 1016 Brt Heart J. 8,76

4 Cdmour,J R, Evans, W. 1916 J Path, Buet 59,633

~% Dresdale, D T etal 1051, Amer J Med 11, 636

& Werks, L, Ehasch, H 1032 Canfiologu, 21, 403

7 Soule, P etat 1953 Bult. Mém, Soc Med Hép Fara, 19, 20, 624,

8 Shepherd, § T etal 1937 Brit HearsJ 19,30

9 eath, D etal 1957 Bra Heantd 19,83

10, Evens, W ctal 1957 Bt Heartd 19,93

1} Wood, P 1932 Bru mel Bull 8,38

12 Wood, P 1037  Dureares of the Heart amt Cyreulution
Spattisw code

13 Harns, P 1957 Bra Heortd 19,

1¢ Stuckey, D 1055 Brit Heartd 17,307

15 Howarth, §, Lowe, ] B 1933 Rrt HeartJ 15,37

16 Cutler, I etat 193¢ Amer J Med 17,435

London, Bym &

Schistesomiasis. It has been known for a fong time that rebisto-
soma mfection may sffect the lungs and couse pulmonary heart
disease (1,2, 3,4 “~* ° CT .

% up hy the embolt

$, mansort may Ye v

pulionary heart disesse m areas where the dizease 13 endemic and
i?:s geen reported not only from Egypt but other parta of Afean
\ e on a

wlmonary

toall _ {1} thove

. v iy Aat tiiose due to allergy ta osn and 37 these

secondary to pulmonary hypertension  The umparted ova hecome

warrounded by proliferative arteritis, and new veseels form 4 local

anpomatoid lesion  Elsewhere i the vaseular iree, where there

are ro ova, ar('ermi and hyaline thromin may )»e’ seen, theee

temons ase ossibly the rewilt of allrgy  The revore puimonary

?X’&e:::;fngh\‘;hfde‘wlw Is due to the very widesprend obstrue.
resuits fror %

o rom artpritis, angonfata and, muttiple/hysline

In Egypt young adult males are TMostly

affected, but in Puerto
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Rico women are more often the victims. Extreme pulmonary
\ e s s . b P e

from the pathology, is not uncommon.
) X-rays may show a fine mottling over both lungs with oligemia
{in the periphery which contrasts with large main pulmonary
arteries. The eclectrocardiogram shows varying degrees of right
ventrieular hypertrophy. commonly the right chest leads show
nearly monophasic R waves.

The disease runs a fairly rapid course and death usually occurs
within two years of the onset of symptoms. As in other forms of
pulmonary heart disease, superadded respiratory infection often
precipitates failure

Shaw, A. F. B., Gharceb, A. 1938. J. Path Bact. 46, 401
Bedford, D. E et al. 1946, Brit HeartJ 8, 87,

Kenawy, R 1950. Amer. Heart J. 39, 678,

Girgis, B_1952. Amer Heart J. 43, 606

Gelfand, M, 1957, Trans Soc Trop. Med Hyg. 51, 5133.
Montewro de Barros, O. et al. 1956 Arq Hosp. Santa Casa, 2, 1.
Marchand, E. J et al. 1957, Arch, it Med 100, 965.
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Collagen disease. In neute hypersensitivity disease, polyar-
teritis nodosa, disseminated lupus, rhewnatoid artentis and
scleroderma the lungs are often affected by pleuritis, miliary.lesions,
fibrosis and sclerocystic disease (1), however, both anoxic and hyper-
tensive pulmonary heart discase appears to be rare. In the develop-
ment of cardio-pulmonary symptoms m collagen diseaso another
factor is the frequent damage to the heart muscle by the primary
disease.
~ In the histological examination of lungs from cases of pulmonary
hypertenston “arteritis” 1s sometimes described. in somo cases 1t 13
clearly secondary to severe hypertension but in others it may be a
primary vasculitis resembling the lesions of polyartenitis nodosa

{2). Some cases of “‘cosinophilic lung” are iated w1th pul; ry
hypertension due to a necrotising artertts © .
Di. ted lupus eryth is rarely drectly responsible for

pulmonary hypertension  dyspnea and hypoxia are mainly due to
lenral disease and mild pulmonary fibrosis )
vPolyarteritis nodoss may cause pulmenary hypertension (3, H

However, as in other systemic collagen discases, although lung'

damage is ignifi pul -y hypertension 1s unusual.
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/Sdzmderma may cause an obliterative nﬂcrjhﬁs_‘oﬁ Ex_x_\_u_\} vessels in
the Tang leading to a high pulmonary vnscu!nr resistance! “uwel:er;_
dyspacea and right heart failure are mast l{kd;’ tovbe the resul ::
many factors including pulmonary fibrosis, cystic lu}xp ducx\tc,
pleurat sclerosis, stiffening of the chest wali and myocardial xc!croi'ni
T4 has been suggested that lung lesions are shc result of hronchial
arteritis and not primary pulmonary vasculitis (5).

1 Eilman,P.1956 Post Grad med J. 32,370,

2 Lendrom, &. C 1956, Pulmonary Curculation and Respwratory Funetion
Yaversty of St Andrews. Edinburgh, B & § Livingston, Ltd.

3 Elkels, &, Giynn, € 1044, Brit J. Raduol, 17, 268

4 MeKeown, ¥ 1952 Brat Hesrtd 14,25

§ Ellman, P, Cudkowicz, L 1953 Thorar, 9, 46,

Metastatic carcinomatosis of the lungs. Multiple nod“k:s’
way anise frony mahgnant embolism (1) or by a spreading lymphangi
{2) “In enher case the vasenlar bed may be reduced by malignant
otclugive acterstis, compresston of arteries and atterioles, and by
_secondary thrombosis ‘Thia may Jead to subacute cor pulmonale
with 7ight ventrieuter entargewent (7,2, 3, ) Investigation of four
cases of metastasys 1o the lungs showed that only one had pulmenary
bypectension whilst the cthers were hypoxic from destruction of
Tung patenchyma (4) “Wood (5) considers that diffuse carci
of the hungs mostly causes hypoxie cor pulmonale rather than ob-
stouctive polmonary hypertensiont one of s four cases had a

pulmonary artery pressure of 45(20, o cardinc output of 75
Btresfnn and a puimonar:

'y vascular tesistance of only 2 units
We have ahserved a ease s 4 dinbfens 1
Ruch syndrome in which there was a yperkin

etic cireulation and
lmost normal pulmonary function tests, and another due to meta-
static chond:

\ with severe pul y hypertension.

In a review of 178 cases of fymphangitis carcinomatosn approx-
mately noehall of the cases were secondary to carcinoma of the
stomach, the ather common mtes were bronchus, breast, pancreas
and prostate (6) '

12 5Bfmh. D.G 1840 Arch e Meg 66, 1221,
nil, 1 C, Robettson, T D. 1837 Areh int A
3 Fhman, A etal. 1988 dmer, oot 4. 30, :mo(d $orron
45 %\wr”em. © 18351 Cwreulation, 4, 013,
Yood, B 105
pd T Dacares of the Heart and Gureulation London, Fyre &
S Marold, 3T 1952 Quart. J. Mad, 21, 333,



220 PULMONARY HEART DISEASE
PULMONARY EMBOLISM AND THROMBOSIS

Pulmonary hypertension may be produced in experimental
animals Dby introducing foreign material or autogenous fibrin
particles into the pulmonary cireulation (7, 2, 3). It appeara that at
Jeast 75%, 'of the vascular bed must be occluded before significant
overload of the right ventricle occurs; thus pulmonary hypertension
does not follow from an isolated episode of pulmonary infarction,
lobectomy or even pneumonectomy” The three possible effects of
obstruction between the ventricles by embolism or thrombosis are:
shock from a fall of left ventricular output, infarction of the
lung and right ventricular failure from pulmonary hypertension
(4). The cliucal picture 1s determined by the size and frequency
of embolism and modified by the presence or otherwise of secondary

s thrombosis “Massive embolism of the man pul ry trunk causes
acute cor pulmonale, whilst smaller and repeated embol nay lead
to subacute or chronic hypertensive pulmonary heart disease”

Massive pulmonary embalism. The florid clinical syndrome
of acute cor pulmonale comprises sternal pamn, cyanosis, arterial
hypotension and venous hypertension (cardiogenic shock) with
gallop thythm. Many patients, however, have milder attacks with
shight signs and with less obvious symptoms such as apprehension,
vestlessness, irntalulity and only chest discomfort (4), transient
faintness is not uncommon and is easily overlooked The recogntion
of the significance of these lesser symptoms 1s important as they
may precede further, and possibly fatal, embolism. The incidence of
sudden death 1s probably less than generally reahsed; two-thirds
recover, and the majonty of fatal cases have survived hours or days
after the initial episode (5} The survivors may succumb later to
further embolism, or perhaps, more commonly, to extension of the
acclusion by local thrombosrs

“REPEATED SMALL PULMoNARY EMBoLI may lead to subacute or
chronic pulmonary hypertension (6, 7) The embolt are smaller
than those responsible for acute cor pulmonale, but m such cases

vit is probable that local extension of the occlusion by thrombosis
is o crttieal factor, Multiple emhbioh leading to extensive oeclusion
produces the climeal picture of severe hypertencive pulmonary
vascular disease, which may be difficult to distinguish fram. idio-
pathic pulmonary hypertension, as there may not be a clear history
of repeated lung infarction © X

7 The electrocardiogram n acute pulmonary embolism  An analysis
of 50 patients with pulmonary embolism shows that there are
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The typical tall P wave of pulmenary heart disease is not common
in acute embolism; it may appear for only a short time, but when
present greatly strengthens diagnosis. S-T depression in left chest
leads, presumably due to coronary insufficiency, may appear in the
most seriously ill patients. Serial electrocardiograms are important
in diagnosis as any of the abnormalities mentioned may be present
for only a short time (4, 8).

Treatment. Prophylaris. Earlv mahilwenéioe -
of Hohe Lme 3 - L
leg -
frec
pat v ewvua wimiush the number of
patients m whom pulmonary infarction is the first indication of
phlebothrombosis  Anticoagulant therapy 1s indicated as soon as
thrombosis of the leg veins is detected and for all forms of pulmonary
embolism

In acute cor pulmonale supportive measures are required during
the phase of shock and failure  The patient shonld be nursed flat and
given oxygen therapy, pressor amine drugs if profoundly hypoten-
sive and 10,000 units of hepann mtravenously —Morphne is
contra-indicated but is occasionally necessary to relieve pain
Digitalis may be given if the venous pressure remains high Anti-
coagulant therapy should be continued by one of the usual oral
drugs until signs in the legs and lungs have disappeared for at least
three weeks, thereafter the dosage of anticoagulant drug should
be dimimshed slowly The position of surgical therapy has probably
not changed from 90% mortahty m 1939 because of the obvious
practical difficulty of having a trained surgical team at the required
place and time.

. Massive thr of main pul y arteries. This con-
dition is relatively rare but several cases have been described
recently (9, 10, 1I) ~Pulmonary artery thrombosis mostly develops
on previous embolism, but 1t occasionally arises de noto. Despite
extensive chrome thrombosis pulmonary infarction is rather rare (9)
preservation of lung is almost certainly due to the development of

ho-pul ¥ - Chronte pul Y

\;ﬁscasa i3 the most common pre-existing abnormality, but massive
/ lthrombosis may arise in any condition asscciated with pulmonary

rtery disease and pulmonary hypertension.

Dyspneen is the common symptom; others are effort syncope,
substernal pain, cough with occasional hemoptysis and rarely
mental confusion. The physical signs are those of a low cardiac

extensive
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output from right ventricular fature, eyanosicis severe and mainly
penpheral; murmurs are common over the pulmonasy artery and
may even suggest congenital heart disense where none exists an.

The radwlogical signe are important The main pulmonary
artenies are large and may appear “amputated” while the peripheral
fields are obgremic {12, I3)  Evidente of past infarets may be seen
Flueroseopy may reveal the absence of pulsation in the affected
artery and angiocardiography shows a “filling defect.” The electro.
cardiogram indicates varying degrees of right ventricular hyper-
trophy or strain depending on the duration of the occlusive diease,

Prolonged anticoagulant therapy offers the only way of preventing
wevitable deterioration from prog lusion of the

channels

1 Harnson, C V. 1948 J Path Bact 60, 289
2 Wartman, W B etal 1951 Cireulation, 4, 747,

3 Barnasd, ® 3,193 Bt Heortd 18,03

4 Kraus, 8, Sherblatt, M 1955 Amer ynt 3Med, 43, 301.

5 de Takats, @, Fowler, E 1915 Surgery, 17, 153

6 Castieman, B, Bland, E 1946 Arch Path 42, 581

T Carrol, D 1930 Amer,J Med. 9, 175

§ Cutforth, R, Oram, S 1958 Bru Heart J. 20, 41,

9 Ring, A Balke.J R 1957 dmee wb Med §n og

18 Mapdso

;; flﬂ;bKn lahon, 14, 366,

13 Keatng
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The typical tall P wave of pulmonary heart disease is not common
in acuto embolism; it may appear for only a short time, but when
present greatly strengthens diagnosis  S8-T depression in left chest
leads, presumably due to coronary insufficiency, may appear in the
most seriously ill patients. Serial electrocardiograms are important
in diagnosis as any of the abnormalities mentioned may be present
for only a short time (<, §).

Treatment. Prophylaxis. Early mobilisation and the avoidance
of tight bandaging in surgical patients, and less strict bed rest with
leg exercises and early molilisation in medical patients, diminish the
frequency of thrombo-embolism. Frequent inspection of the legs in
patients who are “vulnerable” should diminish the number of
patients in whom pulmonary infarction is the first indication of
phlebothrombosis. Anticoagulant therapy s dicated as soon as
thrombosis of the leg veins is detected and for all forms of pulmonary
embolism.

In acufe cor pulmonale supportive measures are required during
the phase of shock and failure. The patient should be nursed flat and
gwen oxygen therapy, pressar amine drugs if profoundly hypoten-
sive and 10,000 umts of hepann intravenously, Morplune 1s
contra-indicated but is occasionally necessary to relieve pain.
Digitalis may be given if the venous pressure remams high. Anti-
congulant therapy should be contmued by one of the usual oral
drugs until signs m the legs and lungs have disappeared for at least
three weeks; therenfter the dosage of anticoagulant drug should
be diminished slowly The posttion of surgical therapy has probably
not changed from 909, mortality mn 1939 because of the olwr{ous
practical difficulty of having a tramned surgical team at the required
place and time.

.~ Massive thrombosis of main pul v arteries. This con-
dition is relatively rare but several cases have been described
recently (9, 10, 11) > Pulmonary artery thrombosis mostly derelo}ws
on previous embolism, but it occastonally arises de novo. Despite
extenstve chronic thrombosis pulmonary nfarction 1s rather rare (9).
preservation of lung is almost certainly due to the development of
extensive broncho-pulmonary anastomoses.” Chronie pulmomfry
ldiscase is the most common pre-existing abnormality, but massive
\thrombom may arise in any condition associated with pulmonary
i\t{éW disease and pulmonary hypertension

" Dyspneea is the common symptom, others are e‘n’on s,mv:upe:
substernal paw, cough with occasional heemoptysis and rarely
mental confusion. The physical signs are those of a low cardiac
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exercise there 18 a much greater flow of bl to the ‘w.nphery than
normal The peripheral resistance 15 low, The systolic pressure iy
usnally raised because of the enhanced force of the heatt beat.
Duastohie pressure may be low or raised, but these are caaual pres-
sures and not of much value in this discase. The pulie pressure
15 high, accounting for the bounding character of the pule A
“capillary pulse” in the small venules can usually be seen The rapud
flow of blood leads to u decrease in the arteriovenous oxygen differ-
ence All these adjustments run parallel to the rise in the basal
metabohie Tate, and achieve exiva dsupation of heat ea that the
temperature of the body, measured in the rectum, is kept constant
Inaddition the extra demand of the tissues for oxygen is satisfied

Cardiac complications. When the disease is muld, espeenlly
1n young women, the heart is unaffected, Lut in severe cascq, or if
the thyroid has been over-actise for a long time, cardiac complica-
tionsensue  They take the form of cardiac enlargement and suricular
fibrillation and these lead easily to catdiac fatlure The average age
of those who had heart failure in one series was fifty-one years (3).
The patients with nodular gottres (Plummer’s disease} Wwere ten
years older than those with diffuse goitres (Graves' diseawe)

Camprac ESTARGEMENT It 16 mot very easy climeally to deter.
mine the size of the heart, for the inerease 1n the foree of the apex
beat suggests en Then the

4

Yy are severe, or
of long duration, skiagrams show a2 promunence of the left mid-
catdiae segment, so that the left border becomes straight (Fig.
71} The onthne thus becomes xomewhat similar to $hat of mitra)
stenows - There 15 a difference 1n that the left ventnclo may Le
enhrgz% t0o, 50 that the heart hecomes fike a ham in shann  Thaee

v suaalioil 01 the Tight ventricular outflow
tract owing to the meteased work needed to ratisfy the requirements
of the body for more oxygen
Avmicctar Fieeiitamios, B
® %, Byperthyrodism 15 an important
f[ak:m of auricular fbrllation  Auricular flutter is not \\ncor::mon
the Labulsty to Shmilate depends on the age of the patient, under
thirty 1t 19 rare, but 1t 13 much mose comenc i fhe eldetly, most
“he nodular vanety

the onset depends



CHAPTER 6

THE HEART AND CIRCULATION IN VARIOUS
CLINICAL STATES

THE HEART IN HYPERTHYROIDISM

“Thero 18 one malady which I have in five cases scen coincident
with what appeared to be enlargement of the heart . . . the malady
to which I allude is enlargement of the thyroid gland * ¢ 1. PARRY,
1825
Hyperthyroidism has a considerable effect on the heart and
creulation  The elevation m the basal metabolism produced
by hyperthyroidism sets the activities of the body at a higher
level, so that there 1s an increase m the demand of the tissues for
oxygen Tius 13 met by mereasing the flow of blood.

Effect on the function of the heart. The rate of the heart 1s
increased and so 1s the cardiac output The tachycardia is per-
sistent. There may be some slowing up during sleep, but even then
the rate is always lugher than normal The elevation of the slecping
pulse rate tends to be in proportion to the basal metabolic rate.
The response in the rate of the heart to emotion and exercise is
exaggerated and prolonged

Climueally, the abnormal force and vigour of the heart beat are
fanuliar - The sounds ave loud, especially the first sound at the
apex. In addition superficial seratelung norses may bo heard,
usually at the third and fourth ntercostal spaces to the left of the
sternum  These sounds appear to be produced in the pericardial
sae by the abnormal vigour of the heart beat  Soft systolic murmurs
are often heard at the apex

/Effect on the peripheral circulation. All the methods of
estimating the ciwculatory rate agree in showing that this 13 fast
The volume of the arculating blood mncreases (7} These changes
appear to be associated with a larger cross-section of the vascular
bed due to general vaso-dilatation  Studtes with a plethymmgrﬂph
show that there is an increase 1n the average flow of blood to the
fore-arm and leg at rest (2). More blood thus flows to the pcrip'hery
making the skin flushed and warm This may be a means ?f eliminat-
mg the heat formed 2s o result of the raised metabolism After

221
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ay not be saggestive, The demeanour is jerk.y,
:uv; :tf::ep:: 1::“;11113? tremor. Thgesskm is unusually warm and m;l%t‘
for an old person  Cold is remarkably well tol'ernte(l, and but Tc\\
bed clothes are required. Transient glycosuria may occur. he
most constant signs are found in the cardiovascular system  The
fast boundimg pulso and overnction of the heart are nearly always
present  An unexplained fibnllation is common i Unless the diagno-
1513 made, these cases may progress to heart failure, for the cldcrl__\
[SUNACACPIE R S A .

Angina and hyperthyroidism. A masked hyperthyToidionm may
be present 1 some cases of angina pectoris, Exophthalinos and
A . o 2

ardmmmaea et A8 AL AN oy

WAS TAISA #0300/ 1 plavnn s 4 2f 8ot €

whom 3t a3 performed, though the pan rethmed 1 some eases
after o penod of years, as would be expected in view of the progres.
sive nature of ischemic disease of the myocardium -

Profein bound serum odine  In doubtful cases estimation of the
protem-bound jodine may be of value The test is difficalt to do
eince the amount present in the serum is very small  No organic
todide, such a3 hipiodol, must have been taken preswoudy  The
norrual figures are 4-8y for 100 m! of serum  In hyperthyroulizm
the level1s usvally above 8, m hypothyrorism it f2lls below 3 {8)
but there 13 considerable overlap and many hyperthyroid patients
have n?rmal‘ figures while Jow values may e oltamed whore thero

* hyper.

ey weudfactory

wecusiy 43 Iaeh of the gland as possible should be remaved so

s o leave the pomathyrods mtact A course of todme therapy

;};(1\;11;1 ];m\ ‘g%ven for aliout s fortmsght previous to the aperation
3 13 very high, thie v

thaor \hm“eekstrg les;gen the az?\}i e osarncd for

ty of the g
should be dseontiaued befors the fome o OV
undue >~~~ ! -

1 prese
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for elderly patients to have had a mild degree of hyperthyroidism
for a long time Later the paroxysmal attacks are replaced by
permanent fibrillation Hyperthyroidism causes about 7% of all
cases of fibrillation, The attacks are often paroxysmal at first,
ConGESTIVE CARDIAC FAILURE. Most patients nowadays have a
thyroidectomy before they reach the stage of cardiac farlure. Out

Fic 71 Heart n hyperthyrowdism

of 130 patients in the US A with cardiac comphcations one-third
had congestive failure, and m nearly half of them normal rhythm
was present, suggesting a severe grade of hyperthyraidism of short
duration (6)

Masked hyperthyroidism. Hyperthyroidism in elderly persons
may be overlooked These patients are less prone to show exophthal-
mos The eyes, nevertheless, may show some retraction of the Iids
and a peculiar stare, a “ghttermg eye ” The goitres are often small,
but the gland 1s hard and nodular, often it 1s mainly below the
sternum. Loss of weight is invariable and most important. Subjec-
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s tem-bound iodine

first to determine the amount of pro
;:::;a;{n t‘;:e body. Traves of Tadwactive iodine (U4} are thea
given and the uptake of the thyroid and the urnnary excn.:hon
measured at the end of 48 hours. In 50 cases a d&te:of \(;ﬁ) ‘m\cm:

fomns e m B ALt
D

mned at intervals up to two months 38 of the patients became
normat or myxeedematous in one to tveive months, most of them
after one dose {13) .
Radioactive iodine has also been used to treat patients with normal
thyroids who had angma pectoris and congestive heart l'nilun': by
making them hypothyroid {74} The required amount was given
i three dinided dases at fortrughtiy intervals  Hypothyroidism was

noted 1 from five weeks to five months  Angina peetons waz
abaliched and nansacbira fasl - Ve

A .

. .
oL e wugind. dmall doses of thyrord extract were often required to
contro) the myxcedema

1 Stewart, . J. Fvans, W F 1910 Amer. Heart J. 20, 515
2 Abramson, D 1, Fierst, § M 1942 Arch nt med 69, 400.
3 Griswold, D, Reating. § H 1949 Amer HeartJ 33, 813

4 Greenberg. 8 U etal 1932 Amer J med Ser 224, 550,

5 Cookson, F 1939 Loneet, 3, 1363,

@ Pigcente, S S, Rutledge, D 1 1951 Lahey Clin Bull. 7, 113
7 Somerville, W, Levne. § & 1850 Brat frartd 12, 285.

8 Salomon, S 1953 Amer Practe 3, 607

@ de Maubray, R R, Tickner, A 1952 Zaneet, 2, 511

o Stales, WM Astwood, E B 1843 Endocrenclogy, 44, 599
1 Davulson, A G 1953 Dra med J 2, 1300

12 Morgans, M F, Trotter W R 1934 Lancnt, 1, 748

13 Moloof, ¥, Chapman E M. 1951 J cun Endocrinof 11, 1206
4 Blymgart, H L 1950 Cireulation, 1, 1103

THE HEART AND CIRCULATION IN MYXEDEMA

This subjeet provides an interesting contrast to the findings 1
n
mpedhyrodism  Mid degrees of niyxeedema are pmhmhlyg not
uncommon, and the more <evere types often escane rammem ¢ ~
The onset of tha comes b
din
th
m: s oenomolg plo-
“etrte UL Ly pothyrordiem the clineal Preture v famihar



228 Tue Hrarr Iv HYPERTRYROIDISY

and quinidine 1eserved until after thyroidectomy, otherwise there
is a risk that fibrillation may return just before the operation and the
rate will then be uncontrolled. The digitalis dosage will often require
to be Jarger than is wsual. Unless normal rhythm has returned
spontanecusly by ten days after the operation, a course of quinidine
must be given since there is every prospect that it will stcceed
In severe cases a successful thyroidectomy depends a great deal
on the judgment shown in selecting the optimum moment for the
operation at the time of full medical control.

Trrovracin. In young people with Graves’ disease of moderate
severity thiouracil may effect a cure. Formerly such patients re-
covered with prolonged rest and 1odine, with thiouracil they do not
need to rest. Thiouracil may also have to be employed in those who
are unwilling to have a thyrodectomy. The usual dose of Methy!
thiouracil is 400 mg daily, the latent period before 1mprovement
begins 15 about o fortnight  The full effect is often accompanied by
enlargement of the thyroid, which calls for a reduction to maintenance
doses  The only dangerous toxic reaetion is agranulocytosis which s
very rave, but comes on suddenly. The patient should be instructed to
stop the tablets if he gets a sore throat, and to consult his doctor.

Propyl thiouracil 1s also available but offers no advantage over
the methyl derivation The dose 15 50-70 mg daily

MMethimazole (l-methyl-2-mercaptoinudazole) has s somewhat
simular structure to thiouracil, and was found to be a highly active
anti-thyroid drug by Stanley and Astwood (70). The average dose
13 5my three times duly with 5 mg daily as mamtenance (11).
No toxic symptoms were noted and enlargement of the thyroid
does not oceur during treatment  Agranulocytosis has been reported,
although 1t is rare as with the other anti-thyroid compounds Skin
rashes may oceur

Neamercazole (Carbumazole) is a very sumlar drug. Dose 10 mg.
thrice dady

Potassium percklorate has been recently introduced as a substitute
for thiouracil since 1t has no toxic effect on the bone marrow It is
ineffective if the level of jodme 1 the blood 1s high, such as when
Jodme has been gven by mouth. The dose recommended s 400-800
mg daily If effective control cannot be gained by perchlorate
alone, 10-20 mg. of thiouraeil daily can be added (12}
Raptoactivi lopive  This method requires such elaborate and
expenSi\'e nppamtus as to.l)retc)ufie fts use except in eﬁpccm‘))y
equipped centres Radiwoactive iodine is not given to patients with
nodular gottres in case the nodules may be carctnomatous It 13
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: fitst to determue the amount of protein-bound fodine
;i:::;ntqinﬁt‘;e body. Traces of radioactive mdine. {13 are t!}cn
mven and the uptake of the thyroid and the urinary excretion
measured at the end of 48 hours, 1n 50 cases n doce of 160 micro-
curies pe estimated gramme of thyToid tissue was given The ]‘\rgﬁt
single dose wag 15 millecuries, the largest total dose was 40 mille-
cures The BIM R and the protein-bound iodme were then deter-
mined at mtervals up to tno months, 33 of the patients became
notmal or myxedematous 1n one to twelve months, most of them
after one dose (I3
Radwactive iodine has also been used to trea!

t patients with normal
. stive heart failure by
»d, amount was given
Hypothyroidism was
noted 10 {rom five weeks to five months  Angina pectoris was
abolished, and congestive failure tmproved in rather more than half
of the cases  Bometimes a transient thyrowditss oceurred in the eatly
stages with pain and tenderness over the thyroid and exacerbation
of the angmna, Small doses of thyroud extract were often required to
control the myxcedema
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THE HEART AND CIRGULATION 1IN MYKEDEMA
This subject provides an mnterestin
g contrast to the findings n
u;{x:;l‘hyrmdm? M degrees of myxedema are pmlu\hlyb not
e ‘mmn(,l(a‘x; 4 ‘th:s more severe types gften evcane renmms
disorder, toge
the patients
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230 Tue HLART AND CIRCULATION IN MYXEDEMA

enough. The heavy, puffy, expressionless face; sparse, dry hair;
dry skin; slow, dull mentality and croaking voice; somnolence,
fatigue, and distike of cold make an ensemblo that should be easily
recognised.

The circulation.  YWhen the basal metabolic rato is Iow, the skin
is cold and dry. There is a-decreaso in the peripheral blood flow,
per square metro of body surface per minute. As a result there is 2
dimimshed flow of Dlood to the skin (7). The capillaries themselves
are affected. Microscopieal study shows that enly relatively fow
are open, and their Joops are narrow {2) By means of the intra-
venous ingeetion of fluoreseine it has been possible to show that
they are abnormally permeable, for an excessive amount escapes
even though the mimber open are few (3).

Tho diminution of the flow of blood to the skin has the beneficial
effect of conserving heat, which can il be spared when metabolism
is reduced It is the very opposite of the state of affairs in hyper-
thyroidism

The cardac output is invariably, Jow and the blood volume is
usuaily diminished. Both these changes are related to the oxygen
requirements of the tissues and, as these are low, the diminished
supply is not harmful The opposite is the ease in hyperthyroidism

There may be quite severe anmmia, simple hyperchromic,
hypochromue, or Addisonian hyperchromic, the red cells ranging
from two to three million (4) The reduced blood volume is not due
to anwmia, however, smee the plasma volume 1s also reduced (5)
Nor docs the anemra play any part in the arculatory changes,
since it would lead to a high output type of fulure The cholesterol
in the blood 1s high, and keeps fairly parallel with the basal meta-
holie rete

All these nbnormahties will clear up under thyroid medication.

Cardiac lesions. No pathological changes have been found to
account satisfactorily for the enlargement of the heart shadow which
15 present m all severe cases  Ischremic fibrosis 1s common; this i3
due to atheroma of the coronary arteries, to which the hugh level of
the cholesterol m the blood no doubt makes the patient prone
Aacroscopieally there may be moderate hypertrophy, and the
muscle 1s pale and rather soft

Pericardial effusion. It has been claimed that a pericardial
effusion accounts for the enlargement of the heart shadow In
four cases straw coloured flurd was removed from the pericardium
even though the shape of the cardiac outline did not suggest an
effusion (6) In one of them the T waves beeame upright after the
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73 The same case after treatment
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pericardial tap. The sluggish cardiac action, the feeble beat and
the poor expansion on screen cxamination all favour an excess of
pericardial fluid. The absence of tamponade might be due to the
slow development of the cffusion (Figs 72 and 73). Not all cases,
however, can be explained in this way. Three pericardial taps were
negative in one ease. After treatment with thyroid the electro-
eardiogram returned to normal in six months by which time the
patient had no syrmaptoms, but the heart did not become normal in
s1ze for two years (7). It scemed here that the cardiac enlargement
must be due to dilatation Hypertension is also not uncommonly
found in association with myxwdema and this may cause some
increase in size

Electrocardiograms. These are usually characteristic; P
waves aro small, there is a low voltage of QRS, and the T waves are

Fin. 74, From a cese of  Fio 75 From the aame
mj xcedema, showmg flat after taking thyroud, show -
T waves. g inerease in T waves

flat or slightly wmverted (Figs. 74 and 75). There may be SI{S)"
slowing of auriculo-ventricular and mtraventricular conduction
Under thyroud medication these abnormalities tend to disappear 10
& few weeks, Their precise cause is uncertam  They are very
similar to the appearances found in pericardial effusion from other
causes, and this no doubt explains them in those cases in :‘)mn‘x an
effusion is present. Another [ ibility 13 that the mys ou
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ekin has an increased resstance which Jowers the pol?l\(iﬂh m‘m:.n;:
to the electrodes placed on it. Tn some cases anemin may play #
pact  An interesting point is that the changes 1.ln not aceur in
myxcedema mdueed by radioactive iodme, or by thicuracil )
Congestive fatlure, This is very rare In most cases the
artertovenous oxygen difference is normal sllowu!g ’\'h'nt the carline
autput, though low, 1s sufficient to meet the diminished mtclh of
the tissues for oxygen ¥n one cace with orthopneea and peripheral
wdema, the venous, night lor and g v pr were
normal, but the arteriovenous oxypen difference was high After
treatment with thyroid normal figures were obiained (3) Inanother
with angina pectons the arterovenons oxygen difference was also
tugh, and 1 addition the mean pulmonary pressure and the ven-
trieufar diastolic pressure rose after exercise showing a temporary
tnerease n pres<ure in the pulmonary circwt It feems that the
fow cardiae outpat 15 usally balanced by the slugmsh metaliolism,
but sometimes the ontput falls below the level required by the bods,
and o more oxygen has Yo be abstracted in the capilanes prving
r%e to a rased artenovenous oxygen difference

Myxedema may comphcate congestive heart failure from other
(aneps Tr ane masens amal oo 4 A -
the wd )
on the

neredseu 1t nemt a1so became much smaller The pm(cli;-
bound 1odine before treatment was Jow 8

Agglaa pectoris. Angina pectoris may oceur n myxeedema and
some patients may be unablo to tolerate any treatment with thyroid
extract on account of increasing frequeney of attacks (5). In others
attacks may dimmish greatly of thyroid is given cautiously, begn.
ang with very small doses  Anguna pectons appears to Le assoniated
with coronary disease which 13 independent of the myxcdema
Thyteid extract may increase the effviency of the heart and o
mprove the coronary eirculation On the other hand the work of the
beart malsomersased The halance hetween these two results would
~eem to determne w hether thyroud will reduce the lability to angina
for o tme, or will make 1t worse  Patients with myxcedema may
atsa bave a dull precordial ache whuch 13 not cardiac m ongm

Treatment, Al observers agree that thyroid medicn, X
vides 2 cure 1 most B Y i o
; ases But sometimes a patient who 18 Yoty
ar gone m the divease may fasl to respond ‘The mstial dase of thy.
rod may have to be very ¢ o

emall, perhaps only hat of &
the dry eatract daly  Others ise ;pi:ere]: a real hell of a gram of

1 rsk that eardine
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nfarction may be provoked. The dose can then be increased gradu-
ally up to 1} grains daily, which is sufficient to control most cases

Apart from the passibility of assaciated coronary discase the
prognosis is good If there is a liability to angina, a mild state of
myxcedema. 1s beneficial and should be maintained.

Tue Hearr 1x INpvcsp Myxapenma. It is interesting to com-
pare the effect on the heart of myxadema induced by radicactive
iodine with that of spontancous myxcedema. In nearly all of those
who gained relief from angina following the admimstration of
rﬂdl‘oﬂctiv e .t R R R N S L [ T
period of .
to most ¢
The most constant finding in spontaneous myxoedema is some degree
of enlargement of the cardine shadow, due in many cases to peri-
cardial effusion, and it seems as if either the grade of myxwdema
isJess when 1t is induced than when the disease occurs spontaneously,
or there must be some cssential difference in the reaction of the
heart to the two types
Stewart, H. J, Evans, W F 1042 Arch. it Med 6D, B0S.

2. Zondeck, M. et al 1941. Amer J med Scr. 202, 485
3 Lange, K. 1945 Amer. J. med. Ser 208, 5

4. Bomford, R. 1038 Quart J Med 7, 495.

8§ Ells, L. B et al 1952, Amer. Heart J. 43, 341

6. Kern, R. A efal 1949, Amer J med Sct 217, 609
7.

8.
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Bell, G O, Beek, R, A. 1953 Lakey Cliu Bull 8, 170
Alhson, F. G 1051 Awer, Heart J 41, 620
Kurland, G 8. 1053 New Eng J Med. 249, 215

THE HEART IN ANAMIA

In anenua the capacity of the blood to carry oxygen fs reduced.
When thrs falls below a certan level for any length of time pathologi-
cal changes occur in the myocardium and there arc also profound
abnormalities in the errculation

The eritical level i the hemoglobin below which these alterations
Dbecome apparent 15 between 50 and 609, or about seven grammes
of hzmoglobin per hundred cubie centimetres )

Changes in the circulation. These are adjustments which may
be due to the demand of the tissues for oxygen, and in a scnse they
are compensatory to the decrease In the oxygen carrying capacity of
tl‘;‘;’inglld;diac outpuf is mereased The rise m hitres per minate

may reach double the normal level (1) This high level may beo m



o35
CaRpIAC LESIONS 235

some degree associated with a tendency to an increase in the heart
rate the Hoad S "

The velocty of the b ou: is inereas i

At the periphery there 15 a decrease 1 the resistance {2). The
pulse pressure 13 raised, so that the pulse is collapsing. C:lp{ll:\fy
pulsation con often be detected The skin is warm There ie an
inerease 1 the arteriovenous oxygen difference, so that the per-
centage utihsation of avatlable oxygen s raised (3).

=% 4o tac hwen in a chrome state of severe anxmia for &

- . y

the kadneys may be only haff ot (0 ot vy =y ¢
of this sort, and by means of the inereaced utibsation of oxygen,
these patients are able to mamtamn fur actmty with Jow hamoglobin
values

Cardiac lesions. Myocardial degeneration  The fatty degenera-
tion of the myocardium has long been recogmsed m the post-
) i

~-=lanwie fabhe  The muscle

reaks

nmay

stients

dying from gross and Progressise ARG anu wise b tment
are seldom seen

Curotac EXLARGEMENT This was found in half the cases studied
by Hunter (6) It 15 not related to the seventy of the anemi but
Tather to the amount of work done by the patient while anamic
In one seres, where the patients were ambulant with parasitic
anzmm, 1t was found w all (£) Following treatment the heart may
dinnnish w size or even return to normal, but 1n some the enlarge-
ment persists  Percardual effusions have been desenbed In one
case, two puats were removed from the sac at autopsy, massive

Te-r- haan nragant for four vears

of cases Some ifattemng of the T waves
may be seen, or there
may be a muor degree of heart block Depression of the RS.T
1\:;:;2: m:z- cfcc:xhr ")l{he*e changes may return to normal with
ment of the blood YWhen cardiac enlas
rgement persists,
curves of left ventricular hypertrophy are recorded e
When the b

level 13 below 609, dyspraa
18 common 1t was almost invarmble 1 Hunter's eases . o

r {6}, but he
d not find orthopneea and his patients could he flat ) Angl'm:
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pectoris occurs in about one-third. The pain frequently disappears
as the blood improves, and in some cases autopsies have shown no
evidence of coronary disease. Others, however, consider that angina
pectoris in anemia always signifies some associated coronary
atheroma and that the pain is only cured for a time ({) Inter-
mittent claudication occurs occasionally.

Muryurs.  Systolic murmurs are frequently audible. They
vary in intensity and are heard most often at the apex, next in the
pulmonary area and least often in the aortic area (6). They go
when the blood returns to normal. Rarely a basal diastolic murmur
can be heard This is probably due to pulmonary incompetence
We have heard it only in severely anemic patients who have been
ambulant in spite of enlargement of the heart and of the pulmonary
artery Under treatment the diastolic murmurs disappeared and the
pulmonary artery beeame normal in <ize at about the same time

HEearr FALugre. If a severe anwmia complicates some form of
heart disease such as mitral stenosis, hypertension or hyperthy-
roidism, congestive failure is hikely to come on. Unless the anemia
is recognised and treated, the farlure will not respond

When the hemoglobin value fulls below 209 and the red cells
number less than a million and the patient 1s still ambulant, as
formerly oceurred m pernicious anzmia, breathlessness on exertion
is extreme, and orthopneea 1s present. A right ventricular gallop may
be heard and the pulmonary artery enlarges The veins in the neck
are congested (Edema is present although hypoproteinemia may
be a factor n this (§) All these features disappear 1f the anemia
15 successfully treated These cases are not encountered under modern
condhitions and 1t 1s doubtful whether, with their exception, anemia
alone can cause true congestive failure

In severe chronic anemia with signs of congestion tho low renal
flow mereased up to 20095 after treatment Since the cardiac
output fell at the same tine, there must have been a very large
ncrease m the fraction of the blood passig through the kidneys
It 1s suggested that the cedema and rawsed venous pressure may be
due to retention of water caused by renal anoxia (1) »
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2. Brenpon, E. § efal 1945, J chin Invest 24, 332
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6. Hunter, A. 1046 Quart J Med. 15, 107

7. Soloff, L. A, Bello, C. T 1050 Circulation, 2, 208

8. Wintrobe, M. M. 1048  Blood, 1, 121,



CHAPTER 7
DISEASES OF THE CORONARY CIRCULATION

MYOCARDIAL INFARCTION

Incidence :
Myocarpiar mfarction and 1ts relation to coronary ocelusion was
well recogmsed before the First World War; but it was rare. The
Tecords of the pathological department of the London Hospital
show that an average of two such neeropsies oceutred annually
The medence began to nerease in 107 which was some years
before the condition was generally recognised chnically (1) Since
then the merease has been progressive, 1n 1950 73,000 deaths were
Tegisteredd from coronary heart diseases, compared with 30,000 in
1946 Even nhen due allowanee 13 made for an ageing population,
readier diagnosss, and for the replacement of “myoearditsy” by
“earonary thrombosis” 1 death certificates, this medence con.
stitutes a major problem n medicine today

Ageand sex, Men are more lable than women Ly four to ane,”

“Up to the age of 50 years the ratio 13 seven to one  The peak period
for males 13 between 55 and §0 10 women the inaidence nswes
steaddy up to 70 years {3)

Coronary atheroma. At the London Hospital atheroma of the
coronaty avtenes is graded sccording to the degree of calaification
]:reseu! Using this as & measure of ndvanced atheromn 1t wos

FNRYERIRY .

A s npuREONs (4} )
Thrombosis and arteriosclerosis. Old thrombi which are
Vecoming canabised contam fibrows tissue which merges with tho
1otims, and gves the appearance of wtimal thickemng  Mural
thrombi may ocour frequently, due to some thrombogenie influence
and cause the thckened yessels of atherosclerosis (£) Feeding
iii;‘l::: m:lht ‘:holestero) leads to foam cells being deposited on the
and these ma; v
B R T e e s
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often seen at the edges of old intimal plagues. The plaques may
nerease in size by replacement with fibrous tissue of these fatty
Fleposits (8). The presence of atherosclerosis does not necessarily
involve smpairment of the coronary eireulation; it is possible that
spasw is a fuctor (6)." Discrete foci of round cells forming o peri-
vascular collar round the vasa vasorum of large coronary arteries
were found in 80% of those dying from infarcts, and also in deaths
from asphyxia such as cerebral haomorrhage or hanging where spasm
15 likely to have been present (7).

Infl of ct al. In samples taken from populations /
with a high rate of coronary disease the serum cholesterol averaged
more than 220 mg. whereas 1t was 150 mg. 1n areas such as Sardinia,
and the native quarter of Capo Town where the incidence is low (5)

«Successes have been claimed for a diet low in fats in the long-term
treatment of infaretion. 50 cases took only 25 g of fat daily for
cight years, and half were living at the cnd of that time compared/
with one-quarter of those who ate a normal diet (9). After four
weeks of treatment with tho rice diet of Kempner the stickiness
of the platelets dimimshed, as well as the level of the serum choles-¢
terol, in patients with ischmic heart disease (94) On the other
hand the considerable vanation in the death rate from infarction
m countries with a simiar high intake of fat mekes it obvious that
this is not the only factor. Thus the mortahity in Denmark is half
that of Finland or New Zealand and that in Stockholm half that in
Edinburgh (10)

Tug Prosero-Lierps. Attempts have been made to inerimmate &
fraction of the cholesterol The alpha and beta lipo.proteins are
thase portions of the cholesterol which are attached to protemns.
The amount of cholesterol attached to the alpha fraction was found
to be decrcased m men with coronary disease ang especially
younger men under forty (17} It 15 suggested that cholesterol
attached to protein ns hipo-protemn may not be deposited on the
intima. In women this decrease m the alpha fraction does not occur
and the incidence of infarction in females 1s less than n males at all
ages, and ocenrs Inter mn life (£2). Paper electroplioresis has shown
another band, the “pre beta Upid pattern,” m patients with recent
infarcts. This pattern is absent 1 normal women and in men under
30 years, but is present m moderate amounts in most men aver 50
years It is not increased beyond the normal for age in patents
with healed infarcts, nor in those with hypertension or arterial
disease. In infarction the increase takes place after the first few
days ond reaches & maximum 1 about four weeks (13) Ethinyl




CHOLESTEROL 3¢

estradiol 4 mg daily reduced the plasma cholesterol without
effecting the hipo-protein, and it way be that women are protected

1 some measure up o the time of the menopause by hormones
(H)

Using the method of pas-liguid chromatography no dufference was
found 1 any fatty acids between patients with eoronary Q|>cnw
and controfs of similar age There was a shght increase in one
unsaturated fatty acd {abeic) compared nith the satueated form
(steric) (£3) .

Truodothyraagette acid reduced the plasma cholesterol level in
smen sth healed infarcts and hypercholesterolemia, hut atso veduced
the phospholipds  There was an mereased tendeney to angina
sice the osygen requircments were raised (16)  Sutagzrol, o plant

A smuar eftect was noted with woutel (18) A diet with a high
proportion of il rick 1 fatty acids such as soya-bean oil has Leen
found to fower cholesterol levels. Lard, animal fats, white hread
and rereale ara mne aftn 23 o1 -

th
w

B w sy teas m patients with healed infarets than 1 normal
people lntra'\'enous heparn 1n doses of 23 mg. reduced the level
uf]d‘:e hllmm“ {20} A polysacchande from scaneced—laminagin
silphata 3~ - - b

w gt Uiat notmal m those who have had cardine
infarction, and that populations Whowe dietary halits lead to a low
eholestero} level are relatively free from the disease  But there are
wide vamations in the nedence of wfarction between countnes
who have o mmilar bigh mtake of fat
Stxess In middle age the mortakty i men 13 five times that, 1w
:S:em s:nd W13 partienlacly hugh i business men, docters and
T S 1 workers It is d that the stress of m
odern
\;ﬁec.t::u::med (;ntt;; the more sedentary conditions promoted Ly the
T an
e (o e telephone may be amang the cawses of this
h:;x;v;mr}ra QAs i the case of hypertension there 19 g strong
Ty factor A history of death from cardiovescular disease
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in one m other parent can he obtained fiom half of those with
infarction

Influence of climate. In a climate where summer temperatures
often exceeded 100°F the highest incidence of infarction oveurred
during these months (23} A sudden change to cold weather also
made theso more frequent (24)

Urticaria. A curious association with urticaria has been found
in a few cases. Three patients had injections of pemillin in oil and
developed urticaria. The T waves became negative in several leads
25). The curve returned to normal in about a week, Another
received anti-tetanic serum and a week later had serum sickness
with urticaria and precordial pain which was due to a transmural
antero-septal infarct (26). We have seen a man who became
dyspneeic four hours after the onset of generalised idiopathic urticaria
and had o subepicardial antero-lateral infaret. The curve returned
to normal in a fortnight

sssocinted discases  Congenitally aberrant corenary arteries may
become oecluded. One young soldier with €Wo left coronary arteries
died suddenly, when one was blocked by an atheromatons plaque
(27). An association with diabetes is present in 1095 of eases.
Infarction mny occur in polycythamia vera, polyartentis (25) and
porphyria (29)

The Coronary Cicculation

The coronary artertes vary n their size and distnbution, In
40%, the left coronary, dividing mto the antertor descending and
arccumflex branches, supplies the whole of the left ventricle, while
the night coronary supplies the right ventricle, In another 0%
the right coronary supplies also the postertor part of the left ven-
tricle; while in the remaiming 20°, & constderable part of the right
ventricle is supplied by the left coronary The coronary arteries
are not, strictly speaking, end arterses, since fine commumeations
up to 40y in diameter exists between them m health (30) These
collateral branches inerense in size greatly when one of the main
artenes is narrowed, so that mmch of its territory may come to be
supplicd by branches from the ather. In about one case i four the
anterior descending artery lies buried 10 heart musele for varying
distances  Few of these stretches showed any atheroma and it

wppears that contraction of the muscle protcets against nndue

distension of the attery (37) In 50°, a conus arlery ares from the

worta behind the right aortic cusp and supplies the pulmunary
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conus It is seldom occluded and may <erse as a source of anasto-
matic blood supply {32) 1 the coronory ereenlation

Myocardial infarction. Cardiac mfarcts vanally follow the
occluston of o eqronary attery and the size of the infarct depends
upon the point at which the vesel1s blocked. An abrapt ceclusion
of the onfice of a coronary artery will lead to the death of zo large n.
part of the myocardmm that fatal heart faure is inevitable
Qcelusion of a small braneh may pass unnoticed or cause trivial
sywptoms which the patient asenbes to indigestion  Infarction
mag alko oeeur without the oeclusion of a coronary artery in patienta
with large hearts 1 which the blood supply by reason of the hypes-
trophy 13 relatvely msufficient

Cazpme Iskarcrios Wirsorr OccLesios Coronary wsuffi-
ctency 15 a term that has been used somewhat looely to deseribo o
chnieal state i which there seemed msufficient evidenco to postulate
a coronary occlusion although the electrocardiogram  showed
ischemic changes. Most of these cases have had small nfarets
and 16 13 the injured musele or the fbrous which cawses the cardio-
grophicabnormalities It 15 hetter to diagnose infarction or sschremia.
In avrhie stenosis svhete the feft ventnclo 1s hypertrophied and the
aogtie pressure is low, a portion of the myocarlium may become
ssehaemic and an infaret may result  Other predisposing factors aro
chrome congestive falure and stenows of the coronary ostia (33)
Precipitating factors are assoctated with a fall i blood pressure
and ticlude «exete b 1 from the gast testmal tract {34),
prolonged tachy and put y (35) Inf mae
also ocour after aperation, especialiy in patients with pre~cxﬁ(lﬂ'g
ardiovaseutar disease  In one semies of tuenty-five cases seven
!;C::‘:m? ot the day of the operation and mixteen more within one

126

Mechanism of corona; i

ry occlusion. In almost aff caves the
::;nrl;:sx;m 15 due to a fual theomboss of the artery, but m many the
thr r:n bants 15 secondaty to a capillary hemorrhage  In normal
e vasyyasonum are only present in the advenfitia of the eneanar

et N __,...:, i the vasa vasorum, hut may p,ro\;v m from
mm:xen“:&;‘ t l:‘e1 vessel The new capillaties are fragle and liable to
h{emaw'ma vrbc f\:tery then becomes narrowed by the resulting
ot “u.u“ \‘y € extrusion of the atheromatous plague into th;

gh the pressure of the hmmatoma forming behind
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it. "A thrombus forms easily on the sticky sutface of the protruding
hematoma or atheromatous debris, and so secondary thrombosis
completes the occlusion of the vessel (37).+ In other cases an athero-
matous plaque hecomes detached and is swept along the vessel to
block it lower down.: On rare occasions an embolus, such as a
fragment from a vegetation in bacterial endocarditis (35) or from
an endocardial cfot, may enter a coronary vessel and obstruet it
Thrombi round the aortic cusps in syphilitic aortitis have done so
very rarely (39).

StTES OF INFARCTION. Mpyocardial infarcts are practically con-
fined to the left ventricle, although a large infaret may extend neross
the septum to involve the right side as well. .dniero-septal_and
antero-lateral infarcts follow occlusions of the anterior descending
branch of the left coronary. Posterior and postero-lateral infarcts
result from occlusions of the right_coronary or the ciemfles
branch of the left. Qcclusion of the eircumflex branch sometimes
gives riso to an infarct limited to the frec wall of the left ventricle—
the lateral inforet  Infarets muy oceur principally in the septum
when they frequently cause defects in conduction A large infarct
tuny nvolve both the anterior and posterior walls—the antero-
posteror infaret. A papllary muscle may be infarcted, and lead to
mitral meompetence, perhaps with fatal results.

Infarets are also divided into the transmural in which the whole
thickness of the ventricular wall 13 affected, and the subepicardial
and subendocardial types.

These types can be distinguished in the man by the electro-
cardiograph
~ Infarction at ¢ distance  When there has been progressive narrow.
mg of one coronary artery, the collateral circulation may develop
to such an extent that the muscle in the terntory of the discased
artery may come to be supplied by the other. Thus, after narrowing
of the anterior descending branch of the left coronary, the region ab
the apex may have to rely for 1ts blood supply upon collaterals from
the right coronary, and occlusion of tlus artery may then cause an
anterior infarct

RELaTION OF CORONARY QecLEsioy To CARDIAC INFarcTION It
was formerly thought that, if narrowing of a coronary artery had
ngrcsscd sfowly, the ﬁt}al aceluston sould not result in an mfarct
{30). Recent work & ith improved techmque has not confirmed this
view. Only four occlusions out of forty were found not to be
accompanied by an infarct, and 1 each the artery hm} been pre-
viously occluded so that the blood delivered by it would, it any case,
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besmall (40) Inother cases patehy fibrosis co'nﬁncd 10 the subendo-
cardial zone was found, the appearances being thow of nub(-m.lo-
candial infarction. These patients had suffered from EUVCTC pngina
but had never had prolonged pmn. ‘They had narrowing of the
cotonary owtia aud severe coronary disease Arteriograms showed &
netsork of émall veasels in the subendocardial zone, and the fibrosts
10 this zonie, which is furthest from the Wood supply, was probabily
due 1o prolonged myocardia) 1achemia {41}

Theinfarct. After ive hourt the nucler of the muscle fibres aro

pile and swollen  After fiffeen howrs the infarcted area 1 p:»lo and
edematous A Feam #h mben n o boenes . . .

be seen on {1
neeresis has t ot “

and grey  Leucocytic mfiltration begins m six hours and is at ats
beight 1n four days At this time prohferating capillanies appear
sound the border, reaching their maximum in three o eichy weeks,
In three meeks the wall tends 1o become thin  Fibreblasta can be
seen by the fourth day, mfiltrating the mfaret which by threr mooths
has become firm and white Collagen fibrils which consolidate the
sear begm to appear by the math day 1t iy possible to date an
nfaret almost to a day dunng the first weel, and toseven days inthe
first eight weels (42)

e inner surface of the ventricle 13 gaally more extensively
mvolved than the outer, but a thin layer of muscle commonly
survives bepeath the end bemng noutished
e'ther by the Thebeman veins, or directly from the blood it the
ventricle If the mfaret reaches the pericardum, pericarditis
Tesults and adheons, usually thin, may form, or merely an area of
thickened epicardmm results  On ke Inmer wurface of the mfarct a

mural thrombus may form* mural thrombi begin to orpanise at the
mnth day after inf; and

100 18 by th
sxweenth day (£3) N plete by the

Cavolse RePTere  Spomtancous rapture of the softened area
may oceur, causing hemopencardium and sudden death Rupture
?‘r an infarct takes place most often during the first weeh  When the

brons srea 13 large, an anewrysm of the left ventniele may bo
Produced  Qecasionally the mfacet becowmss eaberfied

Heauso or Ingarers The time which an mfarct takes to heal
witl depend upon its size. Small mfarets heal almost completely
w2 month Large mfatets wsuaily heal i two_months, though
1slands of necrotic musele may persist for many months E‘:memwc
recanahsation of the thrombosed srtery may take place
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Clinical Syndrome of Cardiac Infarction

Prodromal attacks. Preliminary attacks of substernal pain
during the month or so before the occlusion oceur in about a third of
all cases (44) 'The attacks may come on exertion and so simulate
Heberden'’s angina although the pain may outlast the cxertion
Less frequently they occur at rest, lasting half-an-hour or more
They have a certain crescendo quality occurring more frequently
and more soverely as the moment of the infarction approaches.
They are uninfluenced by treatment and the electrocardiogram is
normal unless o record is taken while the pain is present. These
prodromal symptoms are probably related to the initial capillary
hzmorrhages and haematoma formation. Spasm of the artery may
play a part

The infarct. Oxser Since in most cases the final occlusion is
due to secondary thrombaosis, exertion plays no part in determining
the onset Three.guarters of all attacks occur at night or during
mild activity in the day. Sudden death may result when a large
trunk 13 occluded, but death may also come suddenly to patwents
who have not rested at the onset because their infarets caused no
symptoms. Death here may be due to ventricular fibrillation or
standstill  Anmmal experiments suggest that the reflex coronary
vasoconstriction may play a part But the great majority of
patients survive the onset, and experience a tmad of symptoms
comprising pain, dyspneea and collapse. In severe cases these are
usually all present together in varying degree, in milder attacks
collapse 15 commonly absent.

Pain. Painisthe most arresting symptom, and oceurs in the large
majority. The patient may experience anything from inte{l*e

- agony to a dull ache The sensation 1z described as rending, feﬂ{mg

or crushing The site of the pan 1s usnally substernal, and oceasion-
ally epigastric From here 1t may radiate down the arms or up to
neck, jaws and teeth Occasonally the pam starts at some other
point such as the throat or back and spreads to the sternum later
With the mtensity of the pam the patient cannot keep still, he
may wnithe i agony or walk about. * There is no relief in lmmolnht}".
as in agina of effort  In milder cases the patient mvariably says 1
thought it was indigestion™ particnlarly if not dyspeptic.

DurarioN. The pam may last from half-an-hour to several day,
unless controlled by morphia  After the worst 1s over a dull ache
may persist for a long time _ Sometimes the pain is of the waxing

and waning varicty, causing successive attacks
Dysexes This ts present 1n all severe attacks, though frequently
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masked by the pain ¥ It is due to left ventricular failure \.\hlch may
progress r’a‘iﬁ(n;to acute pu\munfxry md.e'mn, beginning witha cih(;rt
dry cough  In fact, myocardial infarction should be suspected il a
patient develops an attack of pulmonary cederna Which cannot be
explaned satisfactonly on other grounds,

Cottarse In severe attacks the patient suffers from shock. ‘.k‘
13 boff pale and cyanosed with & greyish colour The extrenutiey
are cold- sweating is common  He 5 prostrate and apathetie, buy
the mind 18 elear These are signs of peripheral cireulatory failure;
but the venous pressure 10 nfarction is normal or raised, and pul.
monary congestion is invariable, and may rometimes reach n severe
degree indicating 8 central failure with a {ow ventricular ontput.
The pulse 15 small, weak and fast as a rule  Although the pule
pressure 15 small, the diastolic preszure 13 not so low as in pure
penpheral fatlure, as & rule

1t dafficult to say how far the signs in the peripheral errculation
are due to shock, or to gross deficiency 1n the output of the left
ventricle There may be two types, the first comes early with hut

httle dyspneea, and 13 due to peripheral vasomotor collapse, the
second comes later, dysp d
o

18P an mongmn.
" rtahty
* matk
ey pesl vue i 190 (8yhcope anginosa)  The
patient may be oT gem i Lut \!

0 not oceur (#6) As consciousness returng van 1z felt  The

wnoup rressURE The Liood pressure usually falls, and alwags
doexsp 1f there s collapse  In patients with hypertension the aystalic
pressure may drop more than 100 mm of mercury. the diastolic
temains relatively hugh - In the early painful phase the bood preasure
may actually rise tetaporarily to a considerable degree

Prise The pulse s not much quickened uniess shock or Jeft
Vventricular fajlure are present when 16 18 amall and weak Accelern-
uon to above 100 beats per mraute snereases the gravity

nosts In some caes the rate is rather slower than usi:

of the prog-
Physical examination.

).

Physteal sins at the heart i the eanly

stag;s 816 Inconspicuons  The first sound at the apex may b}e

\‘::z:' ened and the sounds may he esenly spaced A allop thythm
¥ oceasianally be detected, more often in hearts enlarged as the
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result of hypertension. The pulmonary second sound may be
accentuated. In a few cases of transmura] anterior infarction an
expansile pulsation can be detected mnternal to the apex during the
first week (47), and the heart beat may be double.

Perroarprrts.  Although localised pericarditis is common,
pericardial friction is heard only in a small minor1ty of cases, and it is
evanescent, YVt- . Localised
pericarditis ¢ n anterior
mfarets, but .. & swiast proportion of recent infaretions a general
pericarditis has been found (48), so that frietion may on occasion
be heard with a posterior infaret.

Feyen. After an inttial phase when the temperature is subnormal,
fever oceurs in the majority of severe attacks at some time between
the second and fifth day The height of the temperature and the
duration of the fever are nseful guides as to the prognosis Tro-
longea fever 15 rate, and s likely to be due to complreations such a3
pneumonia

LevcocyTtosis. A moderate leucocytosis is common, commencing
very soon after infarction. In uncomplicated cases the count does
not usually rise above 15,000 per em

Serum TraNsAMINASE, The serum glufamic oxalacetic trans-

(serunt a ph ) is especially concentrated in heart
muscle Normal hmits in the serum range from 1040 umts, After
an infaret the concentration rises to 50-500 units, the extent of the
rise depending upon the size of the wfarct In fifty transmural
infarets the average figure by the end of the first day was 200 units
The concentration had returned to normal m ten by the_third day
and in all by the seventh (49).

The serum transaminase is increased 1n hepatitis but not to the
same extent as in infarction, and the rise is more prolonged. It is
also raised in other conditions associated with injury to the tissues
but is normal in congesfive failure, dissectmg aneurysm and rheu-
matic heart disease unless there is active myocarditss It was normal
n twenty cases of angma and shightly raised m four, suggesting
small areas of necroses (50).

Tye ERYTHROCYTE SEDIMENTATION RATE rises about the third
day, and remams high for about a fgﬁnight It usually returns to
normal by the end of a mp_ngh

Plasma fibrinogen. The ES R may fail to rise if hwmoconeen-
tration is present, In these cases the plasma fibrinogen is more
accurate In three cases of massive nfarction the ES.R was normal
when the hematocrit was fifty-two, but the fibrinogen was rased
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feom the normal value of 250-400 mg to A60-T50 g (). The
dmly exerction of coproparphyring in the urme has been found to
wnerense from the normal Himt of 140 microgrammes to 903309
microgeamumes during the first few dnys after an infarct. They re-
turned to normal in the second week, They werealso increased after
a pulmonary embolism [52).

Diagnosis

Recent cardiac infarction. Cusican In many enses the
dugnoss presentano dieulty  Prolonged substernal pain occurring
at rest accompanted by sweating and grey cyanows i a patient with
3 Justory of recent angmal attacks 13 unhikely to be due to anything
buts cardisemfaret  Many others, however, do not conform 2o this
clssical pattern  Prolonged pain oeeurred in 70°%, of those in whom
wfaretion was due to an occlusion of a vessel, but only in a third of
hose who had o recent infaret but no occlusion (33)  The semander
had ether angma of effort, or dyspncea at the onset, or clse they
hed no symptoms at all  Conversely, out of 60 eases of angmn
canfined to effort, haif hed elestrovardiographue evidence of infave-
tion (5£) That mfarcts may be pawnless has for long been known
{55} The canse may be a long 1chemia of lov intensity  These
painless wnfaretions are hiable to complicate the eoure of congestive
failute, In others the attacks may be muld, and the pamnful phase
not prolonged, or the pain may wax and wane and the patient may
sem to have 2 suctession of attacks of sngna pectons  Budden
dsspneea with pulmonary congestion, or puimonary cedema, may
take the place of pan. - Finally the onset may not he remembered by
the patieat, who may come under obrervation for a compheation
such g5 cetebral embolism.

Changes in the electrocardiogram, Changes in the electro-
eardiogrars foflowing myocardsal infarcts compnse the appearance of
g‘;g:';:. elevatian or depression of the RS-T junction and negative

Q vares  Active heart muscle 15 cleetncally negative 10 1nactivy
muscle The mpulse reaches the ventricles ti{rouéh the AV \:Jcm;!:
which rans i the subendocardial zone. It spreads almost at once
t;:.th \'mn{cular cavitzes, which are there{rrs memas wn 2 .

1

. uenstus trough the ventriewlar wall to the
epiarduom the charge in front of the advancing face will be positive
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Bince the electrical changes reach the surface of the body through the
epicardinm, and chiefly reflect the condition of the subepicardial
muscle cells, the major initial deflection of a normal QRS is positive
If, however, the muscle cells have died as the result of infarction,
there will be nothing to prevent the negative potentials of the cavity
reaching the surface It is as if a window had been cut through the
veatrieular muscle (56). The initial deflection will then be negative,
and deep Q or QS waves will appear. This will be seen best when the
clectrode is placed directly over the infarct as in precordial leads in
anterior infarction, In the precordial leads, in the absence of right
ventricular hypertrophy, the voltage of R should increase as the
clectrode is moved from right to left A dimumishing R wave under /
these cireumstances also signifies an anterjor infarct in most eases.

Q waves are considered pathological when they have a duration
of more than 002 sec from onset to nadrr, and have a voltage of
more than a quarter of that of the succeeding R. Alternatively a
normal Q wave, 1f 1t 15 followed by an R wave the upstroko of which
is notched and prolonged beyond 006 sec, also uswally signifies
nfarction (57).

Although these criteria are i general well founded, a @ wave in
lead F of more than 0 04 sec from onset to nadir was also found in
7°4 of a large group of normal subjects, while 20% had Q waves
with a voltage of more than a quarter that of the R wave (55}

RS.T displacement  Surroundng the central core of dead muscle
mn an nfaret, is a zone of muscle injured as the result of being cut
off from the blood supply Imyured muscle emits a constant negative
current. This eurrent 15 neutrabised along with the skin currents in
diastole by the P ing mechamsm embodred mn the mstru-
ments In systole, however, the whole myocardium is active and so
negative, and no curtent then flovs from mjured to uninjured
musele. The neutralismg current from the compensator is released
and causes a deflection of the fibre which gradually terminates as
more and more of the muscle passes into the resting state  The
direction of this deflectton depends upon the position of the myured
area in relation to the epreardium  If the damage is antertor and
involves the epieardnimn, a negative eurrent will reach the skin
under the electrade, and the neutralismg current which is released
during systole will be poutive Therefore, upward (positive) dis-
placement of the RS-T m precordial leatds and m lead L will result
If the injurcd area is m the subendocardial zone, 1 \\m.bc tl)e
positive reaction of the intervenng unmjured muscle which will
Caach the skin The neutralising current will then be negative
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downward, or negative, dusplacement of RS-T will occur, In the
Teciprocal leads, which face the tail of the wave ns 1t advances
through the infarcted area, the isplacement i3 downward. Thus
i g, or negative, displ of RS-T 13 found in the pre-
cordial leads 1n a Tecent posterior infarct, in an antenor infarct the
displacement 15 downwards in F and in lead 15, This only pecors
when the muscle whose potentials are reflectedd to the surface by
these teads s unyured, 1f multiple nfarets are present, such fs a
recent anterior and a healed postenior mfaret, of vice vers, depres-
sion of the §.T segment does not occur in the reetprocal leads

The current of myury 13 usnally a trandient phenomenon. the
cells ether die, or reeover to beeome only chemie, Rarcly the
upward displacement of RS-T n the precordial leads persists - The

rangnn fas L

epeargl musela colla Y hain semte e o v
subepie

Nega .
schem . .

T HATE vaammmisiiit A HEEAUSE L RONC 1n the Grat d\m\go‘m Ye
seen following the experimental occlumon of a coronary-vessel,
elevation of the BS.T junction comes later. After release of the
vessel the mversion of T 13 the last abnormalty to disappear (60)
ghe same sequence can be observed in records taken dumng pro-
romal attacks (Fig 76) Negative T waves are caused by delayed
;ep;;hm’;:en, :qndl mdicate that the muscle is recovering lmf\cr-
ectly ey eat be produced by i

e 1) o 2% Y by covhing the precordium 1n thin
dnal disease, : . !
charaetensoe s
an eatly upy . L eise The nib;

s Py Ul e re moves upward i
X:;%;\\ \;“:th\\w;;\ \:%' a sharp dip—the plateau ty‘;\e or ’;" :
negative. e T wate may rcach a depth 0
; of 30
precordial \:‘fd:e[rb\f; I\)eep)_v ::egati‘c T naves mgy also OCCII:\I‘“;T‘:“:
cular t;
su\;’ey\cnuha\ schanua (53) Bradycanigt::;y\";i; ‘::)I; ::e doeto
recordial leads. In s jomt m J "

('Ar(‘lm‘c‘ Sgu&y and the Amem:;n l;;:?‘-i‘mr: wwed by the.Bnunh
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’I:h_e precordial electrode is placed on certain relatively fived
posﬁmn? on the chest; the points are numbered from CI to C6 and
are obtained as follows: Cl is at the right margin of the sternum in

1At

Fic. 76. (a) Record taken dQuring prodromal attack showmng
elevated §T junction in leads I and IIT and depressed ST june
tion an leads I, L, ¥3-V53  (b) Record taken 13 mms later, after
cessation of pain showing persistence of pegatne T waves in
Jeads II and III when other changes have returned to normal.

the fourth intercostal space. C2 is at the left margin of the sternum
in the same space; C2 15 midway between the left margm of the
sterpum and the mud-clavicular ine mn the mtercostal space n which
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lies the apex, Ci 13 at the mid-clavienlar hinc in this space; the
5 a0d C6 are ot the anterior and mid.axillary lines at the same Tevel,
Thus the first to positions are fixed, while the remaining ffmr vary
1n regard to their honzontal levels according ta the space in which
" the apex lies 1f desired C3 in the posterior avillary line may be
included  CIR and CAR denote corresponding leads to C3 and (}I
1 the right hemithorax. Leads may alwo be taken along the third
apace and are then registered as T3 (3nd space), ete. »
¥ Leaps Formerly either the right arm (CR) or the feft leg
(CF) were used a9 the indifferent clectrode, but these jeads have
been superseded by the “V** lead technique of F. N. Wilson w hich is
now i general use throughout the workd The three limb leads are
connected through reststances to a central terminal which is used
a3 the indife ) de Emthoven postulated that the alge-
braic summation of the potentrals at all three pointa on his triangle
1n the honzontal plane at any given moment n the cardiac eycle is
zero This does not include potentials generated in the antero-
postersor plane but these are very small. There is no doubt that
“¥" leads are the most accurate precordial leads avanable, and they
avod the distortion which occurs in some records from potentals
denved from the right arm or left leg  Modern instruments include

a3y 1t is eustomary to d
3 Vito V6

these leads simply

UsteoLar Lisis LEADS  The standard leads are bipolar. Lead
Texpresses the slpebraic difference between the potentials obtatning

at the left and night arm, lead I11 expresses the diffaraman t -¢-
the Taft lne -m 7 4% =

wr tclibue Irom the palvanometer 14
attached ta the bmb to be examined, while two of the leads from

the central terniinal ate attached to the other two Iimbs The third
" ?llov‘ ed ta hang laose (65} These jeads are named aVR, aVL and
aVF 1o distingwish them from the original method m which the
central terminal was attached to all three himbs and o second
electrode was placed upon the hmb to be examined The deflectiony
obtained 1n this way were small and not eanly read By the aug-

menfed method the deflections are mereased by 509, and can be
?"12. :an;s;l% mcs‘k‘svulred 1t 15 convenient to refer to these leads a3

) a3 Wilson suggest i
Ny e s Wikson geested  Modern instruments embody the
m\;!l}:z::r‘ag:ﬁy:ai’ The cesophagus is 1 relation to the back of
) 0 might be expected to give valuable nformation in



252 Diseases or THE CORONARY CIRCULATION

the case of posterior infarcts. In practice it has not proved superic
to lead F (66) In high posterior infarets which may escape detes
tion, the electrode is near the transitional zone between ventricl
and auriele, and the fact that Q waves and negative T waves ar
normal at auricular levels, makes it difficult to isolate them (67).

- Antero-septal infarct. The classical pattern of a transmury
antero-septal Infarct comprises an S in VI with a QS or QR 1
V2 to V3 or 4, and an insignificant Q in the left ventricular surfa
leads (V5 and 6, and L) (57) (Fig 77). .

T g e TR TS
] e f e
_,u"/\_ ——r— P L
P iy gy T pra——. . '
) " - . e

P "

Fia 7. Antero-scptal infarct Note small R i V1 with Q8 m
V2 and V3, and QR m V4 Elevation of ST junction and
platean type negativity of Tin V3 and 4

In the ecarly stages there may be gross elevation of the RS-T
junction from V2 to V4, which usually gives place later to negative
T waves Varations of this pattern include a qrS m V1 and 2, with
aQSor QR in V3or+4 Or there may be only an abaormal deerease

< in the voltage of R from VI to V3. Rather simiar appearances
may occur in some cases of right ventrieular hypertrophy and
dilatation RS may be normal in V1 but R may be reduced, or may
disappear, m tranaitional leads to the left, rarely QS waves may be
found from V1 to V4 But in right ventrcular hypertrophy Jead
V4R will always have a secondary R without a final S, nstead of
resembling lead V1, though of Jower voltage, and mn cases of donbt
: T Tt oot e QR complexes m V1 and 2 have also

waves have usually a charactenstic snape vut w

The negative T ;
bered that negative T waves may occur also in

must be remem



s
AMERO-TATFRAL IaFinrer 253

pencarditis, and in right ventricular dilatation secondary to n
pulmonary embolism  Counter-clochwise rotation of the heart may v
caue 4 lateral mfaret to have the appearance of an nu(cm*?l"“l
wnfaret, but thisisnot important  Yn fact, usmg the criteria deseribied,
the correlation with the autopsy findings was exact in every case of
recent and of healed antero-septal infaretion (37)

Antero-lateral infarct. The eriteria for this typeare well known
QS wares, or QR waves, are scen m the left ventricular surface feads
~V5 and VB, 1n lead L and so in lead I, In recent infarcts upwanl
deviation of RS-T yunction oceurs which later pives place to negative
T waves Qut of 57 antero-lateral nfarets
these changes were found in all but five cases
In 21 they were present m V5, V6 and L, 1n
ISt Vsandin V6 or L, in8m V5 only, m
2inlead L only, The diagnosis was not made
o the remamder because the agn+ were
abscured by a left bundle branch block, or
because of the presence of o small upstroke in

5 and VE owing to the dispiacement of the
frausitionat zone to the auterior aulla, or to
preserved islands of intact musele (70). 3 the
nfaret was lumuted to the subendocardial zone
the RS.T junetion was usually depressed The
diagnostic accuracy 1s therefore very good.

Lateratinfarct. Infarcts occurrng prines.
pally 10 the lateral wall are frequently due to
occlusion of the oircumflex artery They are
div2ded mto Igh and fow tateral mfarets
“A‘H‘lf]{t fateral wnfarets show best 1 lead L

..... > 4sa Lv Iy L may beeome
tall (72)  Additional leads taken along the
3rd space 1 the €3, 4 and

§ posthons may
show the usual QR or QY waves which ar)e &l J. L
diagnostic Fr¢ 78, Infaretion of
o .- latersl wall There 1
. depression of 8T inter
. .

salin eads L and T and
deep deprension of ST
unction 10 V3 and v4
Aumicular premats

B Yl 2 LENG Yant
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short time only and they resemble those of digitalis saturation; but
the Q-T interval is not shortened. Auricular premature systoles
may oceur in this type, and auricular fibrillation may supervene (74).
Subepicardial lateral infarcts have only negative T waves i V5, V6
and Jead L and the curves must then be distinguished from those
of left ventricular hypertrophy.

Posr-1xrAReTION Brock In infarcts involving the free wall of
the left ventricle, such as the antero-lateral or lateral infarct,
there may be a prolongation of the QRS, and this must be dis-
tinguished from a left bundle branch block of scptal origin In feft
bundle branch block the septum 13 actrvated from rght to left,
so that the left ventricular cavity is posttive in the early stages.
No Q waves can therefore appear in the left ventricular surface
leads. In post-infarction block deep and prolonged Q_waves are
seen in V5 and V6 if the infarct 1s transmural, or a normal Q may
be followed by a notched upstroke of R if the lesion 1s subepicardial
(76).

Posterior infarct. In a transmural mnfaret the same distinetive
features are seen in lead F, I1I and to a less extent in lead 11 as occur

Fio 79, Coronary with postert
complete henrt block

i S or QR
in the precordial leads, and lead L in anterior mfarcts Q.
]\?aves :}\,ppear, and in the early stages the RS-T Junction 13 clevated
due to the eurrent of injury (Fig 79). Negative T wavesin due course
take the place of the raised RS-T junction Reciprocal depression

N
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of the RS.T which may be deep, appears in theAprﬂ-onlml']mds,
and to » less degree in leads T and L, if the anterior % all 18 intact.
1t 53 not seen 1f there has been & peevious anterior H}fi\rcl A here.

1n the case of small posterior infarcts the position is not so
satisfactory for they are hable to e missed roore than other types,
When the heart i3 in a vertical or sntermediate poution few cawey
escape detection, Only 10 out of 75 cases of posterior n‘m\rct-& in
vestical hearts faled to show characteristic appearances in lead F
and these were small wfarcts confined to the hasal thind of the
posterior wall This 14 because when the heart is vertieal lead ¥
faces the posterior wall of the left veutricle and the left side of the
septurm owing to counter-cloekwiso rotation  But, when the heart 14
honzontal, lead ¥ faces more the right side of the septum and
posterior wail of the right ventricle, and the curies were normal in
a3 many a3 22 out of 35 cases of posterior mnfarchion, inthe remainder
abnormalities occurred because the infarct extended imto the
septum (76) It may be possible on occasions to alter the powition
of the heart from the horizantal by deep breathing or by change of
position, and a record with fead ' taken on full inspiration or
with the putient mtting up, may reveal changes not present in the
wsual record with the patient Iying flat In another series of 80
¢ases, postenor infarction was only diagnoved 1n 47, but in 21 more
2n antertor mfaret, which was also present, was detected. Locahsed
Lrgh infarcts accounted for 7 fadures, others were due to the pre-
sence of left bundle branch blotk, and meomplete left Siranch Ylock
rmay have heen responsible for some moro that were misset  But
nftua\)y no electrocardtogram 1 the serses was reported as normal
Vectorcardiograms were mformative t 9 cases in which the electra-
cardiograms did not help (771

In the early stages of ‘posterior wnfarction tall sharphy -poinged T
naves may be present in V2-V5 The Q waves and negative T
aves in YK 2ud ¥ then develop later. Toll T mavns may ocour

pain, further
. ‘o 27 mm
) . - .“.»..L.pumung. With records
taken 7 5mm helow the level of the Jast mtrinsie P wave, no false
positives were fot\md. but the nfaret was missed 1n 129, " Lead ¥
Was mote consistent and in 129, showed v
the myophageal lead was norma{u(SO) abnormal Q waves when
Postero-Sateratintarct. Theseinf; i
they were always most dense 1n that layer and. \h"ey were conﬁne(i
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to 1t in 25%. The electrocardiographic signs are thowe of posterior

@ art ome mosbmedd with dome-shaped T waves in V5 and V6 and
was diagnostic in 10, shoned
wor infarct m 12, 1t failed to

detect

type
Ieads (82)

Antero-posterior infarct. In 30 cases an anterior infarct in-
volved, m addition, mote than the apical third of the posterior wall.
Ta 23 of these there was cardiographic evidence of an antenior and
of a posterior mfarct In the remainder the postertor infarct did
not show owng to a horizontal position of the heart

Owing 1o the rednetion in the opposing potentials elevation of
the RS.T yunction was seldom seen (83)

Infarction of the right ventricle 1s exceedimgly yare In one such
case the cardogram showed only signs of an antero-posteriors
nfarct (§4)

Septal ul(::rct. The septum 13 frequently mnvolved in an anterior
or postertor mfarct, and out of 90 such cases the septum was affected

Fio 81 Healed postero.
septal nfarct  Note qr8R! i
lead F. Coronary occhusion
B weeks previously, Recent
Stokes Adams' seizure

primardy m 6 (85) The'development of A-V heart block during the
course of infaretion s diagnostic (86) (Fig 81) Otherwase the appear-
ances depend upon whether bundie branch block 15 ‘present or not.
Wrte Normar Coxpoenos a qrS i VI-V3 15 dlagnos(lc’ if
right ventncular hypertrophy can be excluded by the presence of a
normal V3R or V4R A similar appearance n lead F suggests a
postenor septal infarct (Fig 81) A QS 1 V1 and V2 also dgrglo(
s\?ﬁ:l mfaret ;f(sQl)l \gnves are present in leads to the Jeft :x's 3’
13 normal (85 ums of an acute 2
Lined with those of posterior mfarenona::: r:l::p;allag‘[??\:tc:;nn;

(861 T\,xe ;nb:ence of th? norn:\al Q waves m the left ventnicular

B.A Cordist, &
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and broad Q waves m V1 and V2, and
elevated RS.T junetion, combined with
the prolonged QRS and the delayed in-
trinsic defiection of a right branch block
(Fig 82). Similarly a deep and broad @
wave in lead F associated with a right
branch block denotes a posterior mfarct
involving the septum Bowed and nega-
tive T waves also occur.

Wit Lerr BuspiE Brasen Brock
the diagnosis is more difficult, since the
delayed activation of the left ventricle
causes the cavity to be positive mn the
early stages and precludes the appearance
of Q waves Also some curves with pro-
longed QRS of left branch Llock type
have QR waves in V5 and V6, and are
dure to infarcts of the free wail (post-
nfarction block) A left branch block
with Q waves mn left ventricular surface
ieads, and prolongation of QRS to 0 14 sec.

Fro. 82, .Anterior mfarct with right branch
block Note presence of Q wave in V1, V'
and V3, with bowed mversion of T 1 V1,
V2, V3 and V4 The intrmsic deflection 13
delayed on the right side by 0 14 sec and
15 earhy on the left  Autopsy confirmation

Fra. 83 Left bundle branch block and anterior infarct. Note
deoply negatine T waves VI.V4
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i ion of the septum, with
se, 13 usually due to complete 1§\£\rchon of |
:;:n nngve cavity potentials of the right ventricle passing through
to the left ude A left branch block with low vn}(ngc m ghe .lc[t
EEI . vt e aem f

with left branch block may be due to an nfarct
of the lower third of the septun (§9) The RS-T
isplacement and negative T waves of mfare-
tion are usually engulfed i the large broad
complexes of left branch block, but some curves
show them (Figs 83 and 84}

Auricular infarcts. Infarction of the aur-
icles may ocour  The P waves are dome-shaped
or negative and there 13 also depression of the
P-Qunterval (90) 1fthere d |

T N p

son-White syndrome. The Wolff-Parkin<on-
White syndrome obscures the signs of infaretion
wnce § waves are obliterated by the bundle
hranch block type of complexes of the anoma.
lous A-V excitation  Sharply negatwwe T waves
may be present (92), and there may also be
deviation of the RS.T (93) The diagnoas is
usually made when normal conduction oceura
dunng the course of wmfarction (94) Normal
conduction may be produced hy gmmdme (-2 g
imtravenously, or by atropine 09 mg., or by Frc. 84. Posterior -
amyl mtrite inhaled three hours after oral

farct with left bundle
quudine, oz even by deep inspiration Dimtahis Yranch block

nadal rthythm, n
o i v nfarehon The QT wtorent -
nfarets and does not
P

veragewas O 41 see winchis
a3 with digitalis the average
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Persistence of electrocardiographic signs. This depends
largely upon the size of the infarct. In small subepicardial infarcts
with only negative T waves the electrocardiogram has returned to
normal in only two days, the average being six months (95} In
another series negative T waves from V1 to V+¢ became normal in a
few weeks to a year, but some of them may not have been due to
infarets at all (99). In transmural infarets the position is different,
and one only was normal when re.examined after a year, It wasin
fact suggested that a completely normal cardiogram is strong
evidence against infarction during the preceding year (100), but
this dees not apply to subepicardial infarcts with only T wave
negativity Insome posterior infarets, where the curve had returned
to normal, signs of the old infarct could be made to appear by aiter-
ing the position of the heart by means of records taken in the sitting
or lateral positions (101)

In ventricular aneurysm the electrocardiographic changes may
become fixed One such patient had a transmural anterjor infarct
in 1938 and the curve has altered little during the intervening
twenty years He has developed a moderate ventricular aneurysm
but has never been off work.

Effect of pericarditis. Acute diffuse pericarditis causes eleva-
tion of the RS-T junction in all leads. Later, T becomes negative.
Since the 1njury is limuted to the subeprcardial zone Q waves are not
found The upward displacement of the RS-T may efface the
RS.T displacement of a posterior infarct in the chest leads, or of an
anterior ifarct in leads F and IIT  Diffuse pericardits should be
Dborne 1 mind when the electrocardiogram alters during the first
few days after infarction, and the possibility of an extension of the
infaret 1s being considered Localised pericarditis over an nfarct
does not effect the electrocardiographic signs due to the mfarct.

Accuracy of the electrocardiographic diagnosis. The dx’u'g-
nosis of cardiac infarction by means of the 12 lead electrocardio-

-gram 1s among the most precise mn medicme If a patient has
symptoms 1t is very rare indeed for the electroeardiogram to mislead
Abnormal features may take a day or two to develop, but, if seral
records remain normal, some other cause for the pain must be sought
Difficulties may arise in two circumstances First in the case of
multiple infarets one of them may be missed, but this 15 not
important Secondly high posterior and high lateral infarcts are less
accessible than infarets 1n other positions. The normal chest leads
do not show them, and lead F is unreliable when the heart 1s horizon-
tal. It is sometimes possible to record signs of infarction by means



Drasxosts 61

hest feads taken in the third space if the usual ones are normaj
:fx:l istshom. a pegative T. In the case of posterior infarcts, one
cam take lend T in full inspiration, which makes the heart mote
vertical Small locabised subendorardial infarcts in these positions
ray nevertheless eseape detection. This mainly happens \\i‘\m the
infarction has caused no symptoms, having occurred during the
course of rongestive failure, and the record 14 taken when the
smfaret 13 healed
Cardioscapy. Since the patient has tostand for these procedures,
d should not be employed 1n recent infarction  Tulaation
at the apex, or Just above 1t, may be reversed with a localied
outward expansion during systole A double pubsation or delayed
pulsation may also be seen The antero postenor position is used
for anterror mnfarcts, and also furnishes information about some
posterior infarets  Half-way towards the nght antenor obhigue
postion i3 also helpful for the detection of ventricular aneurysms
which 1 that position protrude beyond the left border of the heart.
Pulsation may be absent ov dimitushed 1n the area 1nvolved, Lut
diminished pulsation i3 also found 1n cardiae failure with gross

enfargement of the heart, consinetive periearding and in periearitial
effiaion whilct Tenat e . g

wons ey ue goue oy the end of 2 year If they persst, o per-
manent thinming of the ventrcnlar wall is present, 2and a carding
nneurysm may develop

Kymograms allow the pulsations to be recorded by means of
a multiple <ut gnd, and are measured on o film  Absormal kymo-
rams can be recorded in most cases of infaretion, sud the site of
abmormal pulsation agrees well with the electrocardiogram

Differential Diagnosis
1t should Yo e‘mphsw)ied that none of the rthar a3 ¢

FEEE P

<esvpialll 2UIOSE always

unless there ave two sanses present ¥ stablhes the dingnon,

rei;l;;s t:;bo‘nl\mn Disease, Pam in the emgastnam wmay
ee ;) fnpcﬂ‘m-aml reptic uleer, pall stone cohe or acute

P attis - Infaretion may follow & cevere hamatemess, it 1y
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rare for an infarct and an acute ulcer, or acute cholecystitis, to
develop simultaneously.

~Hiatus hernia. The pain caused by nipping of the portion of
the stomach which has herniated into the chest may on oceasion
closely simulate an infaret. It may be substernal and may cccur
at night (102) Patients who have a hatus hernia and have had a
cardiac infarct find it difficult to distinguish the two types of pain
Rehef may, however, come suddenly as the hernin slips back, and 19
assisted by sitting up. A barium meal in the Trendelenburg posttion
will show the hernia

In the absence of an electrocardiogram, the following points will
suggest infarction

- A history of previous attacks of substernal pain on exertion
The presence of dyspneea, without the pain of pleurisy
Evidence of pericarditis, or of pulmonary congestion.

. The pain almost always tends to spread upwards.

Absenco of cpigastric tenderness, and of the abdominal
nigdity of peritonitis,

—

e L 10

PNEUMOTIHORAX OR PNEUMOMEDIASTINUN cause pam, dyspnea
and shock In pneumomedustinum the pain may be substernal.
A small left-sided pneumothorax can cause pain in the left upper
chest which may persist for days A systolic elick may be found,
which the patient can hear himself In mediastinal emphysema
peculiar crackling sounds like those of surgieal cmphyscma—they
change with the heart-beat and breathing—are audible over the
precordium  All these conditions tend to occur mn younger ag¢
groups than nfarction

DISSECTING ANEURYSM  Although most cases of dissecting
aneurysm, if they survive, develop distinetive signs, m the early
stages tho diagnosis may be very difficult 1f the coronary blood ﬂ(?\\'
15 affected, as the electrocardiogram will show evidence of ischaenia
This may oceur where the dissection occludes the mouths of one or
other of the coronaries or where they are compressed either by
extravasated blood or by & hemopericardinm (103)

An asophageal pouch may give nise to substernal pam through the
effect of distension of the @sophagus, and the pam may last an heur

or more.

. Complications. About three-quarters of the patients, if kept
in bed, will make a straightforward recovery Of the co.mphcnhon‘i
that occur in the remainder, most may be expected during the first

fortnight.



9
ReeruRe OF VENTRICLE 263

Death may take place from centricular . fibrillation, or from a
i ent

teflex coronary sp?sm while pain is snll‘p_ni f-\:»mm o might b

. t ventricle,

nosed, and

ks into coma.
s},}ll;ypostuhc prevmonia may be the romequ‘\‘:;\t;; of n‘cvc:e 1’;};’1’3
5 ¢ the immobility e patien
monntylwngesk\nQ e(d,ed by the .,.,m...{ O the patient

previous infarets, or whove hearts are enlarged from hypertension
RuPToRE oF VESTRICLE During the first few days n‘cunc'nt
attacks of angina at rest accompatied by pulmonary congestion
~ Tt m aFabaeecbesntae wal), and denth may occur
We have scen it within
serwise 1t 13 more Jikely
11 & rule death is almost

tamponade to develop,
with signs of venous cyanosis angd

pir
barrassment, which soun proves fatal (703}

PERFORATION OF THE INTERVENTRICULAR SEPTt™  Rupture of
the septum nsually takes place near the apex, and more often to the
front The perforation can vary from the size of s probe to 4 em
m length {105) The septum may be massively necroved, the
electrocardiogram showing evidence of septal mfarchon  Another
factor 1s eardiac enargement due to previous hypertension or old
age The ruptore eauses precordial pain and shock which may como
within fourteen hours of infarction, but wsually ovcur from the
3rd to the 12th day (107) The harsh systolic murmur of & ventricu.
lar septal defect, usually accompanied by a thrifl, 13 heard to the
left of the sternum  Intractable failure of the right ventricle then
resuits owing to the left to mght shunt  Oue patient who was
cathetensed had a putmonary pressure of 75 mm (106} Most cases
dse soon after perforation but one stevived 6 years with persistent
nght ventneular falure and edema (108)  Another died from a
vecond ifavet {109} If an anensysm of the septum forms first, the
signs of subsequent rupture are less conspicuous, and the develop-
ment of a systolic murmur may he the only clue {110y

Rupture of a papillary muscle has occurred 1 posterior infarction
{121) and 1n fateral mfarets due to ocolusion of the circumaflex

ry em-
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branch (112). A loud systolic murmur develops at the apex and
thero may bo a thrill. This complication is fatal.

. Arrhythmias. Auricular fibrillation is uncommon. Paroxysms
usually begin during the first week. Lateral infarcts have a tendency
to be accompanied by fibrillation, or the auricles may be involved
in the infarction. In some severe attacks, fibrillation commencing
near the onset increases the gravity of the prognosis. In others,
who may have suffered from paroxysms before, or have a mild
form of rheumatic heart discase, the paroxysms are of little im-
portance and do not last long. Auricular flutter and paroxysmal
auricular tachycardia are rare. Out of 5 cases of auricular tachy-
cardia 3 followed the adminmstration of large doses of digitahs (113).

Ventricular tachycardia is n serious complication which is likely
to prove fatal unless it responds to prompt and effective treatment
The appearance of numerous renfricular premature systoles particu-
larly when these arise from several foci, may be a precursor of
ventricular tachycardia.

A-V heart block signifies a septal infaret or an extension to
involve the septum. Posterior infarction s usually present, and
complete heart block comes on from the first to the fifth day (Fig. 70).
The prognosis is usually bad the patient may develop Stokes-
Adams’ attacks, or collapse owing to the greatly dimmished cardtac
outpnt due to the combination of tho slow rate and low blood
pressure; but sometimes the block clears up.
“Thrombo-embolism. The prevalence of thrombo-embolism has
been muceh disputed as there are divergent views as to what con-
stitutes o thrombo.embolic incident. Some would include all
oxtenstons of the origial cardiac mfarct, and any emboli however
small, that may be found at necropsy. Others would restrict the
use of tho term to episodes which can be aseribed clmically to an
embolism. Mural thrombi are common Most of them are found
near the apex of the left ventricle but a few are in the nght ventricle,
through an extension of the infarct through the septum, and alsom
cach auricular appendage The left ventricular thrombt are most
ficquent in large anterior mfarets, espeenlly 1f congestive fulure
has been present  They may be due to incomplete emptying of the
ventricle in tho arca of a large infarct (174) But they rarely becomo
detached and, when they do, they often lodge in some organ suc:h
as the kidney or spleen, where they do httle harm Out of 84
gysteme emboli only 9 caused death; five in the bram and two (::mh
in the femoral and mesenterie arteries (115). An upcxplnm(‘d
hemiplegia may be due to cerebral embolism from a cardiac mfarct
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i fons and coma may also occur n patients
]vi:‘:hh:?vlslgci‘:l"c?r:!:g?anerioﬂderm‘n m \h? nhsm.\cl: of em\m\xt,
and are due 1o the imparrment of the cerebral circulation conscquen t
upon the diminished cardiae autput. There may be. 3 pnn‘nrp‘
cercbral thrombosis from the same reason Patients \\'m.\ c«;w m\“
embols from mtraventricular thrombous often (l'u surprsingly ‘\vc ]
and recover without any residual palsy Embolism of a peripheral
artery following coronary occlusion may bea disaster Thepatient i

Fio 85 Aneuryem of the left ventricle

not 1 & conthtion to stand embolectomy and one can only try to
re-establish the eireulation with intravenons papavenne and heparin
Pulmonary emboli anse chiefly from venous thrombosts 1n the

calves, local thromboses causing infarets 1n different ofgans are also
common Both these compheations are favoured by the rmmoblity
of the patient

Cardiac ANEURYSM  If an wfarct has mvolved the whole thick.
ness of the ventniewlar wall, local weakening may Jead to the forma-
tion of o carduac aneurysm  They seem to ocenr especually in those
Who rested a fow days only durng the aoute vho- sies -
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actual apex thrust, On X-ray examination the left border of the
heart assumes a somewhat rectangular appearance. A localised
bulge may be found on the left border (Fig 85) and caleification
may be visible within it (Z17) In the right oblique position the
aneurysm may project as a flat ledge towards the back of the sternum
(Fig. 86). The sac may show expansile pulsations, or none at all
The prognosis is fair and considerable activity is possible Patients

e e ——
N RANEY

F1o 86 .Aneurysm of the left ventricle Oblquo view of case
shown m Fig 85.

usually die from congestive fatlure, or from repeated emboli due to
thrombosis in the sac Rupture 1s very rare i
Left shoulder pain A cunious condition of pam, with limlmtfon
of movement at the shoulder may develop in the months following
infarction The disability simulates a subacromial bursitis, and
there is usually a history of some pre-existing shoulder lesion The
pain can be reproduced by lfting the arm above the head (118)
Rehef can usnally be obtained by heat and massage
Treatment

PP PR DU
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- orphia should be given at once if there ix pain or
seziggdn;;nma,gr the soonet the pam is controlled, the Tews likely
15 the patient to die from syneope. Intravenqus lfuecg\on gives
most rapid relief and is safe Morphia, 1/6 grain given 1ntm\-cnnuil_’r,
and 1/4 gran subcutaneously with atropine sulphate 1/100 grain
should be piven followed by further L4 grawn doses subcutane-
ously, as required.

Rest 1x Bzo  The patient should be put to bed at once. In
severe attacks this is obmiously needed but minor sttacks ma.y'hc
missed  These patients are more likels to develop post-infarction
angina or cardiacanearysm  He must not put his foot to the ground
but can be helped on 1 & commode for actions of the bowels For
elderly people this is less of an effort than strainmg on o bed pan.
The modem tendonaw fu bn fonr o dbm b = 4 voe e,
time th
Tecommr N

aeupiag BIUL cutreny surgical practice, and Jessens the nsk aof
venous thromboss i the calves  If pulmonary congestion has
develaped, or the pulse rate has exceedad 100, or a gallop has been
present, or fever has been high, rest 1n bed up to five vecks will bo
needed,

OxyeEX Oxygen therapy is valuable if cyanosis develops at any
stage, and also if pain persysts or recurs, m spite of adequate doses of
morphi at the onset A B LB mask or spectacles should be weed,
or an oxygen tent.

Coronary didators Experimentally it has been shawn that cardo-
phyhn or atropine given promptly reduces the mortality rate i
dogs by one-half 1191 moca v o - - N
Intravenously
foundt bothss. .
‘\(‘\l(\i {;\'1 wtray v sesswees providing the snjection is made

%
>

Presior amngs  Attempts have been made to Tevive patients
with cweulatory collapse and systolie pressures 1 the region of
B mm Hg by means of & noradrenaline drip at the rate of 1 m
per minute  or by gremg 5-20 mg ntravenoudly at ﬁeqkwst
xlygocrvn\s. \ls;!}x the am of keeping the systohic pressures nt about
0 :x‘; (22} Tt was sopposed thay noradrenaline did not share

adrenabine the tendency 1o eause ventrientar arthythmias This
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is not true. In animals noradrenaline produced ventricular tachy-
cardin and A.V dissociation. 22 patients suffering from shock
following infarctions were given a noradrenaline drip and electro-
cardiograms showed multifoeal ventricular premature systoles and
ventrieular tachycardia; none survived (223). Mephine is veluable
for a short time, 15 mg. of the sulphate intramuscularly.

Drarratts. The great majority of patients with eardiac infarction
do not require digitalis, which should be reserved for those whe
develop pulmonary or systemic congestion. It 13 the only form of
treatment that may avail when scvere shock is accompanied by
pulmonary congestion. Other indications are evidence that the
heart is enlarging, and the prosence or development of aurcular
fibrillation or a gallop thythm  If care be taken to avoid overdosage,
digitalis does not cance ventricular tachyeardia, or other arthythm-
ias, ns was formerly thought (119). 1t is advisable to give the
loading dose in the form of intrarenons digoxin 1 0 mg or Cedilamd
I-2mg, and to follow cither with intramuscular cediland, 04 mg.
daily, or with digitalis folia, 3 grams daly (124) Thus any
cumulative effect 1s avorded

Quinipixe ar Pracarsn Asttor should be given at once in-
travenously to abohsh the dangerous complication of ventricular
tachycardia (sec p 339) Quinidine 13 best given as the dihydro-
chloride, and preferably under electrocardiographic control so that
the mjeetion can be stopped as soon as normal rhythm returns
0-6-0 9 g. may be needed The intravenous dose of procame amide
18 0:5-1g (125).

“Dier. In severe cases, or when vomting 1s present, only drinks
sweetened with glucose to combat acidoss should be given for some
days  Full doses of atropinte may control vomuting During this
time the bowels should be left alone If a natural action has not
taken place, an enema or suppository can be given later Dunng
the rest of the pertod mn bed, small helpings should be the rule
otherwise the tendency will be to put on weight .

Anticoaguiant therapy. The use of anticoagulants in cardiac in-
farction hasDeen the subyect of murch controversy Some give themun
all cases, others do not use them at all, while some employ them
only 1n cases where they think the infaret is transmmral, or where
thero are special indications

Those who use them m all eases beheve that m severe eases the
risk of thromba.embolism 1s materially lessened, while mild eases
may be prevented from becoming severe through further coronary
thrombosis. In one sertes the mortality was halved with anti-
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coagulants  Pulmonary infarcts were greatly wducv:'d,l(hm:gh l\ix‘?
nomber of peripheral srterial embolu and of ventrieular tl m:n:o i
wera unaltered {126} In another senes the xixo}'tnh‘t){ fell from .‘\ %
to 129, thrombo-embohsm from 385, to 79 (127) 1n anot xcrl,
where the tota} mortality feliby 119, the g\"m.\cw( reduction occurred
1 those over 60 years, in those with congestive failure and in cased
of diabotes (12§) Moreover it has been clamed that lh’e mur'se Y('
1nfarction 15 1n sume way wi d Ly ) % 3
and that patients do better if they are taking thew (129) This may
possibly be due to earher reconabisation of the occluded artery
The femoral artenes of rats oecluded experimentally, recanalized
1n 2 month when they were given tromexan, whereas in the controls

R

occasionatiy fatal  They prefer not to u<e a remedy which itself
can be dangerous  In a sevies of 150 caces, selected with cate 8o
that the controls were of the same age and sex as those treated, the
mortabty m each group was 305, (131) In such an unpredictable
discase as cardiac infarction the method of the alternative case has
obrious fallacies

The mddle course 13 to restrict the use of anticoagulanta to
severe cases of 1 infarction i which tricuk
thrombr are Gikely to be present, and to melude those who have had
a previous wmfarct, those suffering from varicose vens and those
who are obese (232) The nsk of emboli 1n subepreardial infarcta ys
only 8 8%, and the mortality 37, which 1s not sufficient to warrant
anticoagulant therapy

Aelection of cases Cases may be selected for anticoagulant therapy
by means of the heparin retarded coagulation tyme (233} 01 ml of
normal sahine contawung, 0 004 Tag, of hepann 13 placed 1n a tube
with a bore of 7em  The blood to be tested 14 added to a level of
11iml and the tube 15 gently mrerted sevara e

1bemann

< @ seiles o1 cases of infarction where
lche ;Il;xe‘ rem::gxed Imrn;a), nopatientdied Inthose with aceclerated
oagulation the mortality 1n the first attack 3
ongon the y ack was halved by anti
ACTION OF ANTICOAGULASTS  Hepann
3 ereases the el
but the preere mode of action 1sp: o e

mknown It may i
thrombin fibnnogen reaction which produces hnn ay inhint the
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Coumarn derivatives. These act indirectly, and so slowly, through
the liver. They probably inhibit the formation of prothrombin.
They are similar in structure but antagonistic to menadione bisul-
phate (Vitamin K), The coumarin drugs are also thought to act on
Factor VII (135), which together with the Christmas Factor and
antihemophilia globulin, is needed to complete the formation of
thromban.

Quick TesT (136)  The prothrombin time is the time that a prepar-
ation of thrombokinase (thromboplastie substance) takestocoagulate
the plasma of the patient. The thrombokinase fs usually obtained
from'extracts of brain. The normal time varies from 12 to 17 see.
and each bateh of brain extract is standardised against the blood of
o normal subject. The prothrombin index expresses the result as o
percentage of this normal value Thus if the normal time obtained
with the thrombokinase used was 17 sec., and the time for the
patient was 34 sec., the index would be 50%, If, however, the
normal for the batch of brain extract was 12sec, a prolongation
to 84 sec. would equal an index of 35%. The prothrombin concentra-
tion 13 caleulated from the prothrombin time by means of a graph,
and endeavours to express the actual amount of prothrombm
present as a percentage of the normal In this country the pro-
thrombwn tune is most commonly used, although the prothrombin
index gives the most nccurate mformation.

The aim of ireatment is to decrease the prothrombin mdex to
between 30 and 50%, This corresponds to prothrombin times of
80-50 sec. At this level 1t is claimed that no fresh thrombr will
form, nor will accretions be added to existing thrombi; 1t is the
fresh clots which are friable and liable to become detached.

DICOUMAROL i3 the original anticoagulant, 1solated at first from
sweet clover and later synthesised It 13 supplied in 50 mg. tablets.
Dicoumarol takes from 48 to 96 hours to come nto action 300 mg
18 gaven on the first day and 200 mg on the second. Subseguesnt
doses are controlled by the prothrombin times

Ethyl biscoumacetate (Tromexan) has a tune lag of 24-36 hours,
which is the shortest of any of the coumarmn derivatives It s
supplied in 200 mg. tablets. The loading dose 1s 1600 mg followed
by about 800 mg. in two doses

PHENYLINDANDIONE (DINDEVAN) Although dindevan has &
different structure from the coumarin drugs, the actron is verysmular
The tame lag is 2448 hours. Dindevan has largely superseded dicou-
marol and is the most commonly used anticoagulant. It1s supphed
in 50 mg. tablets. £00 mg. are given at once followed by 100 mg.
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1n 12 hour, {237) Mamtenance doses of about 75 mg are given
twice daly {138), but the actual dose is controlled liy the prothrom-
bin test. 1f the Tenal function is depressed swalter domes will be
required as exeretion i dimnished {239). An alkaline wrine may
turn to an orange-pmk colour with dindevan (139

Aomntmemmmn {Quathononal f o wammeblas cmbongl ne T o com ¥k

Admintstration ‘The mm of treatment is to keep the prothrombin
mdex between 30 and 50%, which cortesponds to o prothrombm
tume of 30-50 sec ‘This 1 not always easy to attain heeawse there
are spontaneous varations 1n the coagulability of the blood follow.
1oy wfarcton 1t hos indeed been supgested that a state of hypes-

bility causes the thromt: After two days an anti.
coagalant substance 13 iiberated from the necrotic muscle which
becomes exhausted i about eight days Then hypereoagulability is
resumed (1£0) Treatment 13 contmued until the risk of embol is

over, wswally when the patient 18 alfoded up  On secount of the
IR, o -
wyviet L s L0MOed bY {3 mg every six houes , ’

Contra-indications, Anticoagulants should not be given to
patients with gastrie vivers owing to the rk of bleeding, nor to
those with blood diseases associated with purpura  Patients with
advanced hypertension, frequency of micturition, and recent
prostatectomy are also unswitable  Care naust bie taken v thase with
congestion of the, hiver and other conditions snch as cachexia, 1n
w h'}n-h ;hg ver functions eve depressed. o

oxie reactlons. In overdosage there may
the gk, from the intesting, or )gdneys, ar n'?!o ih: hl::\‘x:g l;‘l;:

wadence of bleedmg vanes 3 i
greatly 1 different series
oceurred i 20°, but consisted maini; e

" ly of hematura detects
‘,:"':‘z‘d’“e test (Bloeding was less {remuent sith At ed by the

t

Ny eeeves Ly LE coumarin drugs 18 my
I:\;l:\:;tcr 59—20 g @ven mtravenously, or \‘xt:%mm K,e ntzx‘x‘l‘:ll?t\:
ergency 500 mi of biood w4l restore the blood prothrominn
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to normal for eight hours 'The antidote for heparin is protamine
sulphate 50-100 mg. given intravenously (127)

Long-term treatment., Anticoagulant therapy can be con-
tinued for years in the hope of avoiding recurrences of infarction
The prothrombin time is estimated first at weekly and then monthly
intervals, the index being kept at about 50%. The treatment is
justified when a patient has had two or threo infarets in rapid
succession In one series observed up to six years the rate of re-
currence fell from 27 to 8%, (141). Dicoumarol is a good anticoagul-
ant for long-term therapy (119). Many prefer dindevan,

Summary. Assessing the value of any form of treatment in
cardiac infarction is difficult because the course of the disease is
entirely unpredictable. Comparison with controls is therefore
unrelinble. In one series the conclusion was reached that anti-
coagulants were of doubtful value, It 1s our practice to give them to
all patients whose infarets we judge to be large and transmural
1t does not seem justifiable to use an inherently dangerous remedy
m subepicardial infarcts in which the prognosis is almost umformly
good The small risk of an extension of the infarct must be balanced
against the risk of & hemorrhage resulting directly from the treat-
ment. It 1s neeessary also to transfer the patient to hospital, or to
arrange for prothrombin estimations to be done, every three or
four days, some prefer every other day

With respect to the choico of anticoagulants, dindevan is generally
preferred, but one of us (C.W.CB ) has used dicoumarol almost
exclusively for twelve years It was found to be more difficult 1o
control the prothrombin level with tromexan Dmdevan wa.
good as, but no better than, dicoumarol. The drug has oecastonaily
been stopped on t of peteclue or hematuria but no major
hemorrhage has occurred, nor have there been any peripheral
emboli. There appears to be little difference m action or toxeity
between the different compounds available and 1t 1s probably better
to learn how to control ane and to keep to 1t (219),

After Care

A profonged tonmalescenes i netessary after wfaretion w arder
to allow healing to proceed satisfactonly, and the rest of the myocar-
diwn to adjust itself to mantamning the circulation Even with a
small infaret and without comphications, the patient should watt
three months before resummg fus work Large infarcts require
longer. A further slow improvement may then be expected which
«will continue until a year has elapsed
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Prognosis 3
Tn » follow-up of 200 patients seen 25 yeams 1)1§Vm\3:\§ W owas

the absence of cardiac enlargement due to hypertension, or diffuse
coronary artery disease, The misk of successive attacks cannot be
awsessed, but they ere common, and the patient may survive three
or four, dymg finally 1n congestive falure,

ANGINA PECTORIS

Herberden, 1n 1768, first deseribed a “‘disorder of the hieart,
marked with strong and poruhar symptoms, considerable for the
fand of danger belonging to 1t " Parry wrote m 1799, following a
suggestion of Jenner  “The rigidity of the coronary arteries may
act, proportionaify to the extent of the ossification, asa mechameal
mpediment to the free motion of the heart, and though a quanuty
of blood may eirculate through these attenes . .. 3ot there may pro-
bably be less than what is requsite for ready and vigorous action.”
Recent work has done much to prove the truth of these older obser-
vations Herberden’s angina 13 due to a transient relatyve anoxemia
of the rayocardium, and all attacks are attended Ly a possibiny
f sudden denth

D is
e agnosis

.. e o tlte pagy the mode of the onset  the iy
of the pun 1ts duration e
Siteof pain The pain s substernal  Often 1t 13 described as being
- ver the heart, but questioning will ehiert the fact that it preads
aue 1 the md-hne  QGoeassomally st s felt chiefly at some other

pot, such as the ja% Cases have been kna e
fined to one or both arms  If: iates pves the smoer

chest and down the ulnar s
by the first two left dora)
at the elbow or wmst  So;

severe, the pam radites over the upper
de of the left arm, in the area supplied
roots Tingling or numbness are also felt

metimes there 13 & spread to the nght
over the ponding areas In ftat dovt . ‘5:; B:\‘}:
by been noted on the mght side ' v
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Mode of onset. The pain is brought on by exertion or emotion.
As with dyspneea, it is first noticed while walking up hills, later on
the level Attacks come on more easily 1 cold or windy weather
They are especially linble to occur if exertion 1s undertaken soon
after a meal, as the process of digestion itself entails an merease in
the output of the heart. Patients often attribute their pain to
indigestion. Although the onset is abrupt, the pain mncreases in
intensity and very soon becomes intolerable if the exertion is not
stopped The pam always makes the patient stop or slow up

Type of pain. The pain is usually described as a “tightness”
or “pressure”, as if there was something inside which was too big
for the chest to hold. It may develop into a sense of mtense con-
stricttion In many attacks, however, a dull ache only is felt, and
occasionally a burning sensation is experienced The pain 13 never
stabbing in character, but is continuous until the exertion ceases
Sometimes dyspnoea accompanies the pain and the patient may be
uncertain as to which makes him stop. Especially when emotion isa
factor the patient may refrain from all movement, and even respira-
tion may be restricted. This contrasts with the restlessness of many
patients with infarction. In eases associated with emotion there may
also be a sense of impending dissolution, and sweating and pallor
may be conspicuous These features are probably due to the secre-
tion of adrenaline.

Duration  In angina of effort the pain does not usually last more
than a few minutes, and passes off quickly as the exertion ceases.
If the attack lasts longer than fifteen minutes the posubility of
infarction should be considered On the other hand, a pain in the
chest lasting less than a minute 1s not due to angina pectoris Sorme-
times o patient 1s able to contmue his exertton and walk off his
pain. This first effort angmna may be due to spasm (144) or Yack of
dilutation of the arterics

ZEtiology

Tscremic HEART Disease  The most common cause of angina 13
1schzemia of the heart muscle due to disease of the coronary vessels
Infarets are frequently found in patients who have had only angina
of effort. This scems to happen more often when the infarct has not
been due to coronary occlusion (53} On the other hand angina may
begin after a coronary occlusion, particularly 1f the patient has not
been kept at rest
Jgypirrric Aortimis  Rarely proliferation of the mtuna round
the mouths of the coronary arteries may occlude them almost
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completely 'This hoppened in 7 out of ?20 cases of aortitis (143).
Multiple small areas of myocardial fibrosis were found,

Caremen Aornc Srexosss leads to a gross hypertrophy of the
feft venincle In grossly hypertrophied hearts the new capillary
formation mey not keep pace with the hypertroply of the muscle
fibres, so that the cells are poorly nourished Their increase 1n
duameter mahes the diffusion of oxygen through their substance
dfficwlt The ngidity of the valves interferes with the filling of the
coronary cuentation. 16 addition the systolic pressure is low. Angina
13 common in ofd men with aortic stenosis.

Mutral stenosis. Angina 18 very rate in mitral stenosis and in any
case 13 difficult to distingwih from rheumatic chest pan Cases
have been reported when the pam disappeared after 8 succesaful
valvotomy It was suggested that the low cardiac ontput due to the
obstruction lead to angina owing to the small flow of blood through
the coronary ewrenlation {246)

Congenstal heart discase A few cases have Leen met 1n severe
pulmonary stenosts and 1n putmonary hypertension when there was
no nght to left shunt (147) Here there was an obstruction in the
Polmonaty trtwt ikading 40 o small fxed ouipet The ypawm of
pulmonary hypertension is not relieved by nitrites but may respond
to cardophyin (148).

Rk, aortic O

§ 1ly 1n young people with
free aortic regurgitation of theumatic ongin attacks of cardiac pam

oceuratrest The attacks are caused by emotion m mdividuals with
unstable vasometer systems The blood pressure nises consderably
during the attack, and the heart rate ncrenses, The tachyeardia 13
probably of more unportante 1 producing pam than the fise 1
pressure Amyl nitnite gives quick rebef Pressure on the carotid
simus relieves the pam by instituting a depressor mechanism

Awemia When the hemoglobin value fally below 509, cardiac
glam 01} exertion may oceur  Myocardial anoxmmsa through the
oozrz:::hed power of the blood to carry oxygen 13 the cause. If
demrzfu;\:g“ (Il:aes.se 5 present too, pain will be feit with a lesser
, n:‘l“yllx)‘og“liﬁ‘;ma 1t was formerly thought that an overdose of
s owd b:c:lnuﬂe angma  However, when patients with angina
e o \m:lxli;; fevels reduced to 3% mg. per cent with in-
toms of hypoglycmns (g;;tg;mglm, aithough they bhad other symp-

T
pm.ux;sy::,ao: apid rate such as occurs in prolonged attacks of
yeardia, may occasionally gve rige o angma.
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The diminished output Icads to insufficient filling of the coronary
vessels. *Angina pectorss may oeeur in thyrotoxicosis (150) (p 227},
Exophthalmos may be absent and the thyroid may not be enlarged;
but the hair may be prematurely grey and transient glycosuna or
paroxysmal auricular fibrillation may be present. Angina pectoris
is not found i association with established auricular fibrilfation.

Spasm. Attacks with electrocardiographic changes have been

recorded in subjects who are sensitive to tobacco after smoking &
cigarette. These attacks are prabably due to spasm of the coronary
artertes  Spasm has been seen to occur frequently in the cerebral
arterioles of rats made hypertensive by renal ischemia (p. 181), and
may involve the coronary arterioles more frequently than is sup-
posed.
- T'he blood cholesteral is frequently raised in angina, Many patients
with hereditary xanthomatosis, which is due to hypercholesterol-
@mia, suffer from angina, The bearing of cholesterol on coronary
disease js discussed on p. 238,

Electrocardiograms. Electrocardiograms often show evidence
of an infaret The presence of myocardial discase may also be
shown by a bundle branch block or heart block, by a low voltage
curve or by notching of the QRS. In fact, any abnormality affecting
tho ventricular complex supports the diagnosis of angina pectoris .

Exercisg Test  If the electrocardiogram 1s normal an exercise
test can be performed. The “‘two.step” exercise devised by Master
(151) is suitable, m which the patient walks up two steps and down
two steps on the other side. Ho then turns and repeats the process.
~ . R . -

10 el s da ot

before the exereise, as the test is dangerous in the presence of recent
infaretion. Otherwise 1t 13 safe

Curres of sschama Usually the RS.T junetion becomes depressed
1 the left ventricular surface leads and this 1s seen best in V4 or V&
The depression is probably due to a current of mnjury arising 1n the
subendocardial 2one, which i3 espeaally vuinerable on account of
the poor blood supply A drop of more than 2mm is diagnostic
Tess often T becomes negative m these leads, or m leads L or F,
or the RS-T may become elevated in lead F If thero is much
tachyeardia and the P waves are promiment, the nurlcuhf T waves
may depress the RS-T segment and simulate 1schemia (Ia.?). More
nges have Leen found on rare occaswons in which

pronounced cha
taken during attacks of spontaneous angina. In

secords have been
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one there was such marked elevation of the R8T junction that B
and T became fused, The carve was normal in 8 minutes, It was
thought that the attack was dne to coronary spasm (153). 11'1 nnu\hfl'
Q waves with elevated RST junction developed from V1 to _‘4
dunng an attack of angina and disappeared m 2 fes minutes (154).

Angrmus fest The patient breathes an atmosphere of 107 of
oxygen and 909 of nitrogen for twenty minutes unless the.pmn
comesoneather Puve oxygen s thensubstituted (233). The eritena
for an sbnormal response s the same as for the exercise test  Poutive
results were obtamed mn 50%% 356). The test 13 probably an index of
the coronary reserve (157) Cupl reactions from th 3
such as convulsions, mental confusion or pulmonary wdema, have
occurred 1n & proportion of patients so that the test does not appear
to be smtable for chinical use The Q-T interval has bheen measured
during the snoxemie test The Q-T interval is longer than normal
manzna and increases still more daring anoxemia  Positive results
were obtained 1n 909, (158}

Avctsa st ResT  Apart from the attachs brought on Ly emotion,
mdaced by smoking, or cansed by conditions sssotiated with
estreme tachyeardia, angnal attacks may commence dunng sleep.
They are found fawly frequently 15 association with syphilitic
sortic reflux  Patients who suffer from these attacks have reached
the stage when such minor canses as a bad dresm, or overloading of
the stomach, or even slipping mto an uncomfortable position during
eep, may be suffient to precipitate an attack  The Prognosst 1%
bad, and death 13 immmnent In some cases the adoption of »

tecumbent posthon will eause pan almost at once {angma of
decubitus)

. Differential Diagnosis
Cz\;nc\n SroXpyLosis A prolapsed dise m the neck or upper
orsal region may mumic an; The pam, though 1t starta

gma closely.
In the back, spreads round across the chest and down the arms.
exettion stch as erankian - - -

-1t :: frequently brought on by

e 0 nin
choulders Tha + - theumatism, such as min in the

xercise,
superficia)

Left nubn;nmmx\ry pam s &
consiuts of n persistent dull nche

sews uvel W frungk,
common complaint s women 1y,
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which is often worse on exertion or emotion. The apical region is
tender to pressure, and palpation of the tender area reproduces the
pain about which complaint is made. Nearly overy patient is exact
about this, which makes the differential diagnosis easy Fibrositis
may involve the intercostnl muscles round the sternochondral
Junctions in the second, third and fourth left spaces This may lead
to precordial pain on exertion or emotion, due to the fuller move-
ments of the chest accompanying inereased respiration When the
fibrositis affects the pectoralis minor, the pain is in the upper chest
and is referred dewn the left arm. But again palpation of the
tender spots will reproduce the pain, and the statement of the patient
can be relied upon. If he has angma, he will say that his real pain
is different. Both these conditions are also found in the right side
though less often, but the patient does not associate the pain from
them with his heart.

/Gastric AND_(EsorHaorAL Pary. Stabbing pains in the region
of the apéx occur frequently They probably arise in the stomach,
ar duaphragm and are of no significance as regards the heart.

Burning pain arising from the stomach, or reflexly from the gall-
bladder, may suggest angina, if the pain occurs some time after
food, and the patient associates it with exertion Disease of the
gall-bladder and angina may co-exist, and the patient may suffer
from both types of pan  The symptoms are then very hard to
disentangle, but anginal pain is felt across the chest while sophageal
pain which is burning in character tends to pass up from the epigas-
trum to the throat in the mid-ime. Also the gall-bladder will be
tender, Pain arismg from a hintus hernia is not associated with
exertion, and lasts longer than effort angma. The pain is linked with
food and posture and esophageal symptoms.

Treatment

GLycerYL TRINITRATE 1s the most satisfactory drug to stop the
attack Tablets of 1:100 or 1:130 of a grain when chewed and dis-
solved in the mouth act in two or three mmutes The effect lasts
about fiftecn minutes, and mtelligent patients can use the drug to
prevent attacks by taking a tablet shortly before the momgnt ab
which experience has taught them to expect pam  The drug is not
cumulative, and as many tablets as are needed can be taken each
day. Octyl mtrite 15 supplied in tubes and 1s mild and easy to use.
Amy! nitrite, the most potent vasodilator of all, 1s of some value
in attacks associated with a rise 1n blood pressure, it 1s apt to be
disturbing, both to patient and others.
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Avoinaxce oF ArTacks. The patient should be instructed as to
the nature of hus attacks, and warned not to attempt exertion soon
afier meals. Meals should be taken dry, and the stomach must not

doaded at any time, A reduction in weight, in those who are
ohese, will result in anincreased effort tolerance, Especial eare should
e taken in cold weather: & hot dnk can be taken before going out.
An abdominal belt may help. Smokmg should e allowed only after
meals, Many patients find they are better without it altogether,
and give it up Alcohol in moderation does no harm; whisky is
often beneficial,

Merryn TEovracit. Thiouractl lowers metabolism and 1t lessens
the work of the heart 02 g given twice daily will always dimmwsh
the frequency of attacks after about a fortnight. Mamtenance doses
of about 02 g daily can then be substituted But thiouracil has

"o - de myxodematous, They feed

Thiouracil should be reserved

, wible to control attacks with

trmtrin, it i3 not advisable to give it to anyone engaged in active

wotk Thiouracil has also certain dangers There 19 2 small risk

of agranulocytons and one patient who had become free of all pain

died suddenly and was found to have pericardial and Iilatersl
pleural effusions as the result of the myxedema.

Pentarythol tetramtrate (peritrate)  Thia long acting nitnite 1s often
effective Tn one series 70 mg daily reduced the number of trinitrate
tablets requited to one-tenth (159) Perstrate gaven 6 hours pre-
viously modified the electrocardiogram favourabl ly after the excreise
test {769} We have found the drug unreliable Many patients are
1proved but in others 1t has no effect

Quimadine sulphate &
quency of attarle £
bee

ams four times daly reduces the fre-

4

ally s

N arvpaiu VL), nhelm (163], Fthaverine, a papa-
venne compound (I64), are useless In i onts Then
barbitons helps considerably frious patients pheno-

Surgiga‘ measures. Enterprisine ewroanns anee —

adhesve pe I
vesults were

" = wusilig tue operation  ‘J
post-operative electrocardiogram showed end:nce of :lennc’:\‘:\‘llﬂlf‘(\!i
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some months (165). The sensory tracts leading from the heart pass
through the upper four thoracic sympathetic ganglia. Thess can be
cither injected with aleohol or resected, or the posterior sensory
roots can be cut as well (166). Alcohol injections gave complete
relief on the side of denervation in 60%, while resection gave relief
in 76%. The scnsory roots were cut in only a few cases of severe
angina of decubitus Surgical procedures of this kind have not
found much favour in this country.

Prognosis

The prognosis is very variable. There is always a risk of infarction,
and sudden death from syncope or ventricular fibrillation may
oceur in any severe attack, The course 1s slowly progressive as a
rule. Attacks of angina pectoris may clear up if the patient sub-
sequently has an occlusion, and attacks which arise following an
occlusion may cease after a time. The average expectation of hfe 1s
over nine years, and some lived more than twenty years (167) The
average age at death was 65 years As a general rule the frequency
of the attacks and the amount of effort required to produce them
are good guides to prognosis. Nocturnal attacks occurring regularly
have the worst prognosis.
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some months (765) The sensory tracts leading from the heart pass
through the upper four thoracic sympathetic ganglia. These can be
cither injected with aleohol or resected, or the posterior sensory
roots can be cut as well (166) Alcohol injections gave complete
relief on the side of dencrvation in 609, while resection gave relief
in 769. The sensory roots were cut m only a few cases of severe
angina of decubitus Surgical procedures of this kind have not
found much favour in this country.

Prognosis

The prognosis is very variable. There is always a risk of infarction,
and sudden death from syncope or ventricular fibmilation may
oceur in any severo attack ‘The course is slowly progressive as 3
rule. Attacks of angina pectoris may clear up if the patrent sub-
sequently has an occlusion, and attacks which arise followmng an
occlusion may cease after a time, The average expectation of life is
over ning years, and sonie lived more than twenty years (167) The
average age at death was 65 years  As n general rule the frequency
of the attacks and the amount of effort required to produce them
aro good guides to prognosis Nocturnal attacks occurring regularly
have the worst prognosis.
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CHAPTER 8

BRADYCARDIA AND DISORDERS OF
CONDUCTION

‘BRADYCARDIA

Vagal effect, The rate of formation of impulses at the smu-atrial
node is slowed by an increase in vagal tone. This happens naturally
in expiration particularly in young people; or 1t may occur in phases
apart from breathmg This variation is met with after fever, or from
digatalis, and 1n jaundice

Smvus BrapycarDLs, This i< not nncommon m athletes and large
men The rate is often 40-50 a nunute, emotion, exercise and
atropme will quicken it

SINv-aTRIAL BLOCK 1s present when a complete cyele 1s nuseed
Without a tracing 1t may be difficult to distingmsh this gap from
true A-V block with dropped beats The electrocardiogram shows
that the atrial (P) wave 15 absent (Fig 87) The mtervals before the

Fro 87. Smu auricular block

gap may be a httle shorter than usual, and after it o little longer.
Sometimes every other cyele 1s suppressed and so the rate is halved.
Atropine will of course abolish this vagal abnormality, or exercise
Aunicular standstill 1s very rare It may resuit from the toxic
effect of digitalis, quinidine or potassium intoxication (Fig 124)
Nodal rhythm. The A-V node may replace the S-A node as
pace-maker The rate 15 usually slow, about 50 o mmute. In the
cardiogram the P waves tend to follow the ventricular complexes
As the direction of spread 14 reversed (from node to auricle), the P
waves are nsually negative (Fig 88). Sometimes they are Tudden
by the ventricular deflection  Occasionally nodal rhythm may last
for a long period m young people  More often 1t appears as nodal
284
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Wenckebach periods with dropped beats h:\\'c been fu\.md in l.m.\l("‘x)'
subjects: these were abolished by atropine, or 'hy mu‘vi\"“‘-}'- :o«ei
sympathetic tone on exercise (£) Vm{ﬂ*c aaftvation has heen no e
with these disturbances as a sign of high pnm!ym_pmhe\\c tone ¢ B
1t 1s possible that reflex merease of v agaltone explains the nsmcmh?u
Yetween defects in conduction and disease of the gall-bladder (£, 7).

Vascurar Lestoss In elderly people abliterative processes in the
axtersoles, accompanted by replacement fibrosis, may cut off the
blood supply to the bundle, and thus depre~s its funetion, or canse
it to degenerate In fact coromary discase i the most cammon
canse (6) It 13 the postenior mnfarct of the left ventricle which
usually damages the A-V bundle (8, 57) {p 264). Many cascs are
assoctated with hypertension  Here agawn at 13 the common oblitera-
tion of the arterioles which starves the bundle, and gross coronary
disease 13 coramon i these cases tog

Toxsg aNp INvraspuatory Cavses The myocarditis of acute
rheumatism 13 hable to eause A-V bloch  Latent Wack 1s cormon in
the acute phase. dropped beats and complete block may oceur
As atropine may temporanly abohish the block when given in a
very large dose by intravenous mjection, the vagus must bo partly
responsible  In the past diphtheria was a serious eause of heart
block  Any local infection, e g m the nasal sinuses or in the l\mg‘\
or ehewhere, may cause tt It has been found in severe anmma,
and abso 1 hyperthyroidism  In both these conditions the delay
has improved with therapy

CoNorxrrar DErecTs It has been supposed that thers was an
assoctation betyeen the ventuieular septal defect of Roger's disease
and complete heart block 1t has been found n complete trans.
position of the viscera {9) Incomplete heart black 1n some coses
s \re‘en thought te be congenstal in onmn (10} An phenpan ~f 9 ¢

Darss Digitabs mtoncation 1s not very common 1t should not
oceur of course  Dugitahisdepresses conduction, directly and through
the vagus  As a cause of complete block 1t 13 very rare, but the
delay elears up (6) (Fig 93 and Fig 120 '

Te‘mqui\ry beart block has been naved a-— 1 angacardia-

PR intervat
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Fin. 91. Shows nodal rhythm with complete retrograde A-V
heart block. Ventricular rate 80, Aurcular rate 60. Gisophageal
lead shows aurscular intrinsicoid deflections,

AURICULO-VENTRICULAR HEART BLOCK

! When there is delay or impairment in the conduction of the cardiac
impulse from the aurtcles to the ventricles, heart block is said to be
present  In the first degree the impulse is delayed, so that the P-R
interval is longer than 0-20 sec  This 1s “latent block.” The second
degree of heart block, “incomplete” or “partial heart-block,” is
marked by the farlure of some impulses to pass, cousing “dropped
beats ' Two forms are distingwished : Type 1, the milder, i which
the P-R mterval becomes longer before the failure to conduct {this is
the “Wenckebach pertod”), and Type II where every second or
third Dbeat fails, without any lengtheming of conduction before-
hand This form has been assocated with the name of Mobitz
(1924)  Third degree block is complete, so no impulses pass. the
auricles and ventricles beat 1n diswociation

Causes. Vagal gffect. Stimulation of the earotid smus reflex may
depress conduction through the action of the vagus Tumours in the
neck or thorax may irntate the vagus and cause complete dissocia-
tion, or there may be absolute cardiae standstill, auricular and ven-
tricular, a form of smu-auricular block, sometimes for many seconds

(7, 2). A prolonged P-R interval over 0-24scc was some(ix&xcs
found in heglthy candidates for flying On standing up the conduction
was shortened to normal, and also by deep breathing (3). Even
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Tree1 WExcrEBscH PERIODS The dropped beat n:nl) ];:)]I\D\:, 1:;
cyele of progressive lengthening of the P-R wterval untl nLc m:;y
impulse 13 blocked  Tn this way every lh!rd or fourth lmp:x“mv A
fal After the dropped beat the conduction improves, and may

Ventri-

2 1 heart bloch. P-R s prolonged 10 032 sec.

‘:x‘lﬁ;n x:gato 'lJC(::Nﬂ 50 and 60 Depression of T wares indicates
the effect of digitakis, which has eaused the block,

normal (Fig 04) The most severs variety 15 2,1 block fieee the

T « an Tha inereasing

FI6 93 Dropped beats The auricular thythm s regular (P)

but heart black causes prolongation of the P.R wnterval until

the third or fourth 13 blocked P tends t4 be merged m the
preceding T wave, and alters ity shape.

or perhaps pragressing to complete block In Type I the impul-e
fauls to pass without any previous prolongation of the P-R interval
Every setond, third or fourth mpulse may fail to be accepted by
the ventriolo (Hay 1906, Mabitz 1924) In thus group it scems that
the 1ot umpule 13 due to a depression 1
L v

the exeitability of the

¢ tiee

: Tt

N

S g EIRE
Blete block wath Stokes-Adams’ attacks {24
R A tadal 30
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node and down the bundle to the ventricles Measurements in the
electrocardiogram are taken fiom the beginming of auricular systole
to the beginning of ventricular systole (Q or R or QS). Various
leads should bo measured as there may appear to be some variatton
The lunb leads provide the clearest waves, The average P-R interval
is about 0-16 see. It varies with the size of the individual and the
rate of the heart. In young infants it is usually below 012sce.;
1 children it seldom exceeds 0-19 sec., but may do so if the vagal
tone is strong. The effect of standing up on a prolonged P-R interval
n an apparently healthy person has already been mentioned In
large men with slow hearts the P-R interval may exceed 0 20 sec,
but generally speaking anything longer than this is considered
pathological, although a small increase by itself shonld not be
taken to mean disease of the heart

Alternation of A-V conduction 1n the degree of block has been
noted (58)

Diagnosis. Thisalmostalwaysdepends on the electrocard
Sometimes the sound of auricular systole can be detected, well apart
from the following first sound, causing a third sound to be audible
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Fro. 92. Lead II, showing prolongation of P-R mterval to 0 11 see

When latent heart block oceurs n mitral stenowis an appreciable
interval may be detectable between the presystohic murmur and the
mitral first sound. In latent heart block the P-R interval may seach
040 sec. or even 0 60 sec before beats are dropped Usually it Is
about 0 30sec , it may remain constant at thus level for years,
sometimes it gradually ncreases (Fig 92)

Incomplete heart block with dropped beats (second
degree). Two types of this block may be distingshed It should be
remembered that the “dropped beat™ ean only certainly be recog-
nised by auscuitation of the heart, prematnre beats may not seach
the pulse at the wrist, but they can usnally be heard (Fxg. 91})-
Blocked atrial premature beats and sinu-atrial block are indis-
tinguishable clinically from A-V block.
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stroke volume elevates the systolic pressure; the syﬂcm'lc pulse -
pressure 1 nsually Jarge, and so 18 the pulmonary artery :p\\(%u
pressure (53], In elderly patients, without sign of cangestive fmlun'!.
the pressures 1 the right sde of the heart were raised; the systemic
and pul ¥ vasewlar reant were d, and so was the
arteriovenous oxygen differences 1f there was obvions failure these
abnormalitses were worse (56). A bradycardia of, say 33, may be
due to complete block or 2:1 block The important sign {3 the
variation in the loudness of the first heart sound - The sudden accen-
tuated boomng sound has been called the “brnt de canon.” Jt
oceurs when the atral systole 1s very closo before the ventricnlar
Thus phenomenon may be a summstion effect, or dua to the mitral
and tricuspid leafiets being low 1 the ventricle, and then being
stretched up hard to meet together {14) In the Jong diastoles the
sounds of atmal systole are sometimes heard »f the potient ia thin,
varying 1a position m the cycles (Stokes 1854) Incoordinate pula.

ttons are seen in the vemns in the neck, having no fixed association
it VL ete 2 n the ne « :

s VUL s eonstant position between the beats
G are & {Fog 93) The thythm
4 often shghtly wregular, for the P.P intervals with entricular
contractions between them are shorter than those without The
sharter mtervals are sud to be due to the drag of the contractmg /
i;e;mcle, the longer due to & vagal effect (16). On the screen the
du X ) v
o Jar and rity thms can be made out asa nade
T ‘: ::;:gmcardmgram shows that the atnia do not empty every
& they contract, there may be re; tat
ve;‘S. ot thore m v}; (mg\xrg ation into the pulmonary
he ventnewlar complexes aften sh
v the pattern of bundl
branch block (Fig 99, the b types seone oy (5
The reasan for ) o oo oo

ur abont equally {5).
The reasan for the Prior attivation of orie mde swan 1~ ¢ s o+ "7

svui et 3ates jargely i o agen
of ';l:a\\em%.momy range between 40 arrx%l 730 [;'l;cﬂimmﬂle o tho e
P\m:a;s:ct‘l(m; !rm;: partial to complete block. Pesmanent com-
Bete Mock » ayhre preceded by sudden erratie syncopal attacky

mieular standstill. Dumag the phase of Tecovery the
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¢ The distinction of these two types is uscful, for their prognosis is
different. Exercise, by accelerating the auriele, will show that
Type I the degree of block is reduced if an electrocardiogram is
taken at once. An mntravenous injection of atropine (1/30 gr.) has
the same effect. The effect of this is short so the curve must be
taken quickly With Type II the block is increased when the auricle
18 accelerated, and 2:1 block may increase to complete block (14}
While n Type I Stokes-Adams’ attacks are fairly uncommon spon-
taneously, standstill of the ventricles can be mduced reflexly by
vagal stimulation, through the carotid sinus or by some visceral
cause. Actually vagal slowing of the auricle in Type II may indeed
reduce the amount of block from 2:1 to normal conduction, so in
fact the pulse is accelerated by pressing on the carotid sinus (14)
Complete heart block, The atrial and ventrieular rhythm are
dissociated (Fig 95) The ventricles now beat to an idio-ventricular

= = e i =

Fig, 95. Complete heart bloch. Note slow alteration in time
relatronship of P and sentricular complex. T waves are dis-
torted by superirnposed P waves

-

rhythm The site of the new pace-maker is usually in the junctional
tissues just below the block  The rate 1s usually 3040 beats a minute,
but examples of 25 or 50 are not uncommen. The rhythm is regular
unless there are ventricular prematurc beats The rate 13 very
little affected by exercise, emotion, fever or amyl nitrite. This 15
the fixed type keeping within a range of & beats per minute, awake
or asleep But there are two others with labile variations, on¢
quickening and slowing and the other with sudden variations the
site and rate of impulse formation. Atropine abolishes these changes,
and exercise may cause them They are precursors of fibrillation
(25) If the centre is m the upper levels of the bundle it i3 probably
to some degrec under vagal influence, since a large (I/30gr) in-
travenous injection of atropine may cause some acceleration If the
initial rate is high, the increase in rate s more Adrenalin has Inttle
effeet on the rate unless 1t is low (/). In complete block the heart
imeets the extra needs of the body by increasing the stroke volume

But in spite of this the output tends to be low. This increase in
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SToKF3-ADAMs’ SYNDROME

g Yentricular tachycardia may change to fibrilfation,
ﬁﬁi’ ?12?;‘:1-3\7?16) The attacks oceur in Tother over hotf ﬂ\e‘ dcnwce
of complete block (6} Tna fifth the nttﬂ.ck may be the first evi cnw.
ofillness Thesr frequency vaties. it 1shighest \\’hcmhorc i mm{y\a
disease (6) The duration and severity also varies much, Trom slight
weakness and dizziness to complete syncope.

Crrxicat, FraTores. In the mildest attack, as stated above, o
transient weakness, giddiness, or confusion 3a all. Tn the fulldress

Fie 97

Stokes Adams’ attack Lead II shosws ventricular

fiballation  Note verying ez and shape of ventrieulsr com

plexes Leads I and 111 show complete heart block Q T tims
11 prolongsd

attack there 14 sudden loss of consciousness, the patient has
practically no warmng  He may fall and hurt himself. Pallor at
first, 15 later followed by cyanosis, or a flush, as the circulation
returns  The breathing becomes stertorous The muscles are at
first relaxed  then there may be twitching and convilsive move-
ments partienlatly of the arms, the eyes stare and are rolled up
The pulse goes and the heart stands still (unless there i3 ventricu-
far tachyeardia and in those eases when the ventneular rate has
fallen t6 10 or 12 a munute}) Once the creulation 19 restored, then
Tevovery 1y mpl;l\, and the patient 13 himself again ins  few moments,

, PEThaps, av 3 p Flg. 96) During
!c:; f;&;\::};: ;:zr: n;;} be a passage of urine and fnfcesg Atlackz m:;'

, or there may i .

day . wn e ;‘:t a)l be long periods of freedom but one
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bradycardia of complete block may be noted as a characteristic sign
{Z4) In Type II block there may be syncope following tachycardia
of atria when there was 2:1 block, or with a very severe degree of
bradycardia or with ventricular fibrillation (24).

JMyocardial infarction sometimes causes complete block when
the infarct is posterior or septal (57). The rate is often relatively
ffzst. about 60 a minute. If the patient survives, recovery of conduc-
tion is not uncommon; but there is a high immediate mortality {6)
But it is not higher once the early phase is past; sbout half are
alive at the end of a year (57)

SurerNorMan Recovery Prase. This term was used by Lenis
to explain the fact that immediately after recovery from the reffac.
tory period, heart muscle may respond to stimuli which are below
the normal threshold strength In some instances complete block
occurred when the auncular rate slowed, and conduction was nof
established until & ventricular beat camo just before an auricular
wave. Conduction was kept up till the interval between the auricular
beats exceeded 1-0 sec  Conduction then fatled until a suitable time
relationship came again Adrenalin may provoke such convenient
ventrieular beats (Fig. 96)

The Stokes-Adams’ syndrome. The auricles continue to beat,
although after 20 sec of ventricular standstill they are affected by
anoxia Then the beating 1sslower and irregular, flutter or fibrillation
may come on, or all movement cease (Fig 96} The attacks are
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Fio. 96 Tracing of jugular and radial impulses during a Stokes-
‘\doms* attack, lasting 16<ce  Aurieular contractions (a) can b

scen 1 the Jugular tracing until obscured by stertorous breath-
\ng. which ensues m 8 sce.

common when partial block is becoming complete, Lefore the idio-
ventricular rhythm is established The changmg of the type of
ventricular complexes n the course of partial or complete block may
indicate that the onset of standstill is likely Here attacks are hkely
to be recurrent and fatal YWhen there 18 complete block »ymcope
T antyientar tachveardia. fintier or Sbrillation, a very
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block salsos contra-indicatith (32), certanly for intravenous injec
tion(33) Procaine amide (pronestyl) and qumidine are too prone to
depress the conducting tissues, and so are not to be {Nd in heart
block Isuprelmay be useful in stimulating higher ventricular centres
1 the Jes when there 15 tachycardin (22). In fact procaine
amide may canse Sbrillation 1f there are premature beats or an
Intraventricular defect in conduetion {34), 1t 4 clear that no effeetive
and safe remedy 15 avaifable when these disturbanees oceur with
complete heart block .

) There 1s of conse no sk in guving thntalis of there is fwlure with

*" complete block sopropyl norepnephrin taken by mouth may
raice the rate 4 little and s0 improve the circulation (56)

k\v)Lgﬁnl first degree tlock does not, i itself, require treatment  If
there 15 fufure digitalis may increase block, or actually reduce it
- [

(v .

JRPTE F P
spreads back to the atrum as well as forwards to the \-ontlnc]r-
This canses fuverted P waves inmedately after or before the QRS
Complex  Sometimes there may be progressnne delay in the time
of the metramenda -- 1 .
period
form o

Here . . av muetsary gradually dimimsh and end in & normal
conduction of mpulse 123)

Recrerocal Reyray {Drury 1924) desertbies a condition 1o which
the retrograde block delnys the ampulse spreading to the atrium,
50 that 1t can pass bhack to the ventrele whnch w1 1o Yonger h;
refractory The sequence of events 13 that one wapulse from the node
may giwe nse totwo veninralar beats This may happen every other
!)eat or every fourth ot fifth beat (Fig 0N - e-t-- - .

o ey
ventnicular rate 13 fast,

Auere 18 theredore thssotiation, but the
retrograde

er than the auricular There 18 complet

- te
‘m“ml“b:cc:( . nless on aurienlar beat oeeutts ust at the m’:d of
ventricts o e o e supemmormal recosery phase llows the
Recovery wil 2 2004a)} Thisisa transient derangerment

Fig 100 @y Pass through reerprocal rhythm and latent Block
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Treatment. This aims at stopping an attack and preventing
moro. The means to be used depend on whether there is standstill,
or threatened standstill, of the ventricles, or ventricular tachy-
cardia or fibrillation, Unfortunately the iformation js not always
available In one stimulants are needed, in the other depressants
Ln For venlricular standstill, the sympathetico-mimetic drugs are

wanted. If the heart has stopped adrenalin must be injected intoit;

5 minims of the 1:1000 solution. If the rate has only fallen very
slowly, 10 minims of the drug may be given hypodermeally, and may
be repeated as needed. Ephedrine (} gr.) by mouth is slower and |
more prolonged. Isuprel (1sopropyl norepinephrine) can be taken
under the tongue (20 mg every 4-6 hours is useful) (22) Thereis

Fra 98. Stokes.Adams' disease. Effect of adrenalm. Noteshort
runs of normal beats which begin with a premature ventricalar
systole, and continue until the aurteular rate stows.

no pressor action {(24). Isupre) may be given intravenously, I mg.
in 200 ml of 5° glucose in water at the rate of 10~20 drops & minute
(25} Norad lin has been 1 by intravenous injection
(0 02 mg } or by hypodermuc injection 0 2 mg, every 40 mmutes (26).
Adrenalin 15 probably better for persistent and reeurrent seizures
due to standstill. Given by intravenous injection, S-4fmg per
minute, 1t is useful, but may raise the blood pressure (27) Therate
may rise above 50 and extrasystoles appear (Fig 98) There has
been some success with an electrical pace-maker Ths s likely to be
wseful if standstill occurs at operation where it can be ready for
immediate use (28). The stimmlus was up to 60 volts 20-200 times a
minute (25, 26, 29).

Sodium Iactate in molar solution, 250 m} given in 30 mmutes by
intravenous injection at about 15 m) a minute, has helped to correct
very slow rates and prevent standstill (30) The solution may b
used in half molar strength (31}

\\S\ For tentricular tackycarda or filnilation the depressants should
prove uceful; these are quinidine and procaine amide. But, i fact,
they can be dangerous. If there is tachycardia both of these may
canse fibrliation f there is complete heart block. Bundle branch
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. . "
curves, By sectorcardiography the loop in the Vho_nz?n\n\ p\m\'
moy iea L
slowing, : . '
izs;.soz:;rdlogram pasang to the left and sloning at its end tow ard+

Fiz 100 (o} Interference dussoriation Note upright P wates
& rats of 64, with a ventrcular rate of 100 Early beats
Imatked Xj s clearly seen when P and T summate (b)
Retprocal thythi  Lead I First complex shows dissaciation
with upright P 1 5.7 inteal The eccond showa partial
retrograde heart block With amerted P (K F = 023 sec)
Twrd eomplet sumlar. This 1 mnswered by the fourth R
{narked X) which 1 reeiproea) shythm  Fifth and sixth com

Thees show compinte dimovmtion Lead TT Nedat thyttm,

the night, showing delay i depolatisation Thary the YOG helps to
distingush tho types {39 Iafirction of the septum more often:
causes the right-sided lesion than the foft (30) There is & tugh
snedence of coronary disease in bath types, sud the masking of the
wnfarction curve by the left-aded bundle bock 18 a well known
souree of difficulty {p 253) Some cases are due to theumatism (46),
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The opposite condition is seen when orthograde conduction 1
blocked, and retrograde conduction persists in complete A-V block
Here inverted P waves appear in the S.T interval These distur-
bances may be closely allicd Quinidme delays retrograde spread
Amyl nitrite may cause nodal thythm (36)

Bundle branch block. There is delayed activation of theaffected
rentricle, left or right. In the case of the left-cided defect the lesion

REY

Fic. 99. Reciprocal rhythm with a reversed Wenckebach period
of five cycles of retrograde heart block A cycle begins m the
second complex of lead II with an iverted P preceding tho
QRS by 012 sec. In the fourth complex an mverted I’
occurs 1 the 8.1 period with an R.P interval of 028 see.
In the second complex of lead III the R-P mterval 13
048 scc This P 15 snewered by tho succeeding boat, the
P.R wterval being 0 28 sce. Left bundle braach block 1
also present

15 usually found on lstologieal examination  But this is not the case
in the patients with partial right bundle block, where there is &
minor degree of delay only. If the delay is complete then a local
jesion may be detected (37) But some right-sided lestons are pro-
Dbably congenital, and certainly benign and quite unassociated with
ardial discase. There 1s a good deal of reason to suppose
that hypertrophy of the right ventricle may be responsible for some
curves of thus type (p 55) That delayed depolarisation of the
right side may not be present is shown by cardiac catheter pressure

any myoc
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BrxpLe Brasen BLock
, block

Left bundle branch blod:. If the
ﬁvef intrinsicard deflection (Q or QS)
the right ventricle the moment the

heart, vertical of horizontal
13 on the left side the nega
occurs at once 1 the Jeads over

Fic 103 Left bundle branch block Fio 104 Left bundle branch
with vertical heart, block with vertieal heart
Standord loads are of th

concordant type

smpulse reaches its surface (V1 and V2) A tiny R wave may pr
cedet  Over the left ventriele, in V5 and V6 the mtrinsicord defle
tion 39 late, perhaps at 0 08-0 10 sec (Fig 101) In the night bame
branch block type of curves the mtrinucoid deflection 13 delayed
V1and V2leads, gving an sR pattern (Fig 102) Tn V5 and V61l
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w hef-o fib.rosis l'n\'ol\"es the main branch, or is scattered through the
ramification. Tho right-sided pattern is common with atrial septal
defect (p 54).

Fic 102 Right bundie branch block
Noto intrnsic deflection delayed on
right side of septum by 0 16 sec Tt1s
enrly on tho feft, There 1s complete
block.

Fic 101 Left bundle branch
block. The heart 1s horizontal
Note early ntrinsic deflection 1n
leads V1 and V2, and delaycd
ntunsic defiection 1n V5 and V6.

The electrocardiogram. This 1s essential n the diagnows
QRS is prolonged, usually up to 012 to 016sec  The precordial
leads are most reliable in showing on which side 1s thedelay indepolar-

1sation The limb leads vary a great deal with the position of the
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bundle braneh

ntnenlar extrasystoles oceur in h

gl\%kl%fx)e. Q‘g‘sﬂl‘)evzf normal duration if tl\F)' come in the super:
n:rm;\l phase of ventricuiar recovery (41} (Fig. 107)

Fio, 107 Tacomplete night branch block (QRS 0 10 soc ) showing
restotatioh of normal rhy thm
Lead I  Nodal rhythm et rate of 100,

No evilence of
auriclar activity
Lead 11 Nodal rhythm. T waves defurm S-T wteral of
alternate complexes
Lead 11

P waves move forward from ST t4ll 8.4 node takea
control at fifth complex when QRS returns fo
notmal

Left bundle branch bloek (QRS 0 4 fec) now establmhed,
but transitional complex followy the compensatory pavse nfter
& premature contraction in lead 1

PantiaL Boxore Braxew Brocx s analogous to partial A-V
binck with dropped Leats Jb 15 & rate finding The curves may
appeat intermuttently, or be tranment.

How far these cutves showing delayed activation of the surface
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immediate (Fig. 102). The effect on the left-sided type of the vertical
position on the himb leads, where the left leg records the potentials
from the left ventricle, is shown in Figs. 103 and 104, Usually the

Fra 103. Rght bundle branch Fra 106 Incomplete rght
block. Wide S, pattern Tbhe branch block Note smafl

R waves with delayed -
trmae deflection on nght
side QRS 0 10sec There
15 left axis deviation and
the heart ts horizontot

mtrinsic deflection s late in V1
to V3 and early i Vi to Vi

.- ' - ~jent  The effect
ht-sided pattern

18 ShOWn 1N I 100 wousigy we e from the nght
ventricular enlargement often present in those cases

¥xcoMPLETE BuxpLE BRANCH Brock This term has been used
for curves when there are nunor degrees of delay m one bundle
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has been sought . in some cases it was found but not in others Asa
rule the Tight receives the impulse before the left, so that there i pre-
wxettation of this chamber, and delayed activation (relatively) of
the othes The curves therefore are of the left bundle l.m.nch type
asarule (Fig 108). But the P-Sinterval (i e. P-It + QRS) s normal
in W.P.W. and over 0 26 sec in bundle branch block (£6) 1 there
i3 actually real left bundle block the pre-excitation of the unnﬂ\-c}wl
ventricle can be recogmised {§7) A case recorded with multiple
. compheated arthythmias supported
the by-pass theory (45) There has
been some support on anatomical
grounds of such a pathway {(£9).
Holding the breath may change the
curve 0 normal, or the reverse (59}
The alternative theory is that an
untable-focus 13 the_cause Rather
sumlar premature beats have been
found during cardiac catheterisation,
possibly anstng just below the A-V
node (30). The curves have been seen 3
after the intravenous injection of PR
strophanthin (51} Perhaps they are l!li
the result of ventricular extrasystoles t )
coming Just immeduately after atral ‘'~ e
systole Cardiograms from inide the
ventrienlar cavities shaw both ¢ypes, White svndrome  lead 1,
left and mght The conclusion was T Rnteralm00s e Qs
that there was a hyper-excitable Ol s
centre near the node. when there
was sinus Thythm this was stimulated by atrial systole, but not

mechanteally, for 1t is active when there 15 fibnllation {52) Pre-
mature contractions of the W.PW type may appear in arterio-
sclfmhc‘}‘xen‘l:t disease  They may be assocrated with serians v ansm
titar arrheehons o sra s

Fic 108,  Woler Parkinson

“unv el may y
increased rate of A-V conduction, and 13\ ‘ﬁ.:no:;:?.}: ‘:]r‘;l‘:-?lhtl);
foeus, perhaps assouated with, duisease The presence of thrs curve
:x}xly‘x{za;k“tvhe patterns of an mfarct, which may become apparent if
e ey f[urve disappears There is o high preponderance of
»70%  The abnormahity 15 not associated with any congemtal
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of one ventricle are due to a local bundle lesion or to 2 general
enlargement of the whole ventricle, or depression of its function as
a whole, cannot be told from the electrocardiogram. Additional
evidence is needed, particularly from the vectorcardiogtam.

. Teaxnstent BosoLy Bravcr BLock, Sometimes the abpormality
13 transient, although it usually persists. After diphtheria recovery
13 usual. recovery is less frequent in rheumatism and infarction.
After pulmonary embolism the right-sided lesion may Le transent.
Terporary branch block may last for days or weeks in congestive
failure. Slowing of the rate by carotsd sinus pressure may restore
normal conduction.

Birarerar Buspre Branen Brock. This may mean that the
curves of block appear on right and left sides alternately. A-V
conduetion is prolonged, the intrinsicoid deflection 15 later on the
more affected side (42).

Basquerading bundle branch block is the name given to the
appearance of a left-sided lesion in the limb Jeads, and a nght-sided
n the precordial. It is thought in fact to be left-uided (43). The
PR interval may be lengthened, it 13 certainly pathological and
may show bilateral damage, probably 1schemic in otigin (44)

Clinical diagnosis. This cannot be made with any certamty
The asynchronous contraction of the ventricles may eause a double
apex thrust and o double first sound; or widely spht first sound,
But this kind of ventricular contraction may be present without the
characteristic curve and the curve may be present without the
signs In the same way the second soand may also bo double at the
base. but again correlation is mconstant There are no symptoms
1t is possible that when patients wath bilateral hundle branch block
get syncopal attacks, these are really Stokes-Adams’ seizures (3)
(p 392)

I’Course and prognosis. There is no interference with the
efficient warking of the heart The effect and prognosis depend on
the associated lesion or lesions In the Jarge majonty of cases the
heart 18 enlarged; many have developed failure The right-sided
lesions often seem less grave than the left But the ascociations
are so vanable it is best to give 1t no prognosts at all, and conuder
rather the other features of the case.

Short P-R interval and bundle branch block type of QRS.
(Wolff-Parkinson-White Syndrome ) Complexes suggesting bundle
branch block may be found which are associated with a P.R interval
of leas than 0-12sec. It scems possible that an accessory bundle

sctivates one ventricle before the other and anatomical confirmation
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. the by-pass theory {48) There has

PRE-EXCITATION 303

has been cought ; in some cases 1t was found but not in others Asn
rule the night receives the impulse before the left, so that there is pre-
exattation of this chamber, and delayed activation (relatively) of
the other The curves therefore are of the left bundle branch type
asarule(Fig 103) Butthe P-§ nterval ¢ Pt + QRS) i normal
m W.P.W. and over 0 26 sec, in bundle branch Dlock (#4). 1 there
is actually rea} left bundle block the pre-exeitation of the unaffected
ventricle can be recognised (47) A case recorded with multiple

been” some support on anatomical
grounds of such o pathway ({9)
Holding the breath may change the
curve to normal, or the reverse {(59)
The alternative theory is that an
untable-foens_13_the cause Rather
sular premature beats have been
found dunng cardiac catheterisation,
possibly arinng just below the AV
node (3¢) The curves have been seen
after the intravenous injection of
strophanthun (51) Perhaps they are
the result of ventneular extrasystoles
coming just immedately after atrial
systole  Cardiograms from mside the
ventricular cavities show both types, White mndeome  lead I,
lft and mght The conclusion was TR ntersalisd 0% ace, QRN
that there was a hyper-exotable Ot e
centre near the node when there
W83 8inus rhythm this was stimulated by atrial systole, but not
mechancally, for 1t 15 active when there 13 fibrillation (.'
tn?lur'e c‘omramons of the WPV, tvie mav annnne i

Fi, 108, Wolf Parkinson-

7 vre

. e tue Ul Lilere may be an extra pat! 3

}r;m:ned rate of A-V conduction, and m the ofher ﬂpn1 ?r‘:"t‘)'?r
U3, perhapy associated with disease The urve

may mask the patterns of an wfaret, which

may become apparent if
urve disappe: P
males, 70, cI‘he eL upprars There e

a hgh preponderance of
¥ 18 not d with any i
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lesion. The only elinical sign is that the mitral first sound is some-
times split (46). It is common to find tachyeardia, auricular or
ventricular in the patients with this sort of curve. If there is
myocardial infarction tachycardia is very likely and may be grave.
In any case about 709 of cases with the syndrome have parosysms
of tachyeardia (£6) (p. 332). The important thing is to distinguish
this curve from that of bundle branch block. In itself it is not
important. In both it is the associations that matter.
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CHAPTER 9
TACHYCARDIA

Durina the last decade doubt has been cast on the validity of the
theory of circus movement. The matter js not yet settled, but, if
auricular fibrillation and flutter are due to the activity of a single
ectopic focus, the subjects considered 1n this chapter will be brought
into closer relationship than was formerly thought to be the case
Auricular premature systoles, auricular tachycardia, auricular
flutter and fibrillation would differ only in the speed of the impulse
formed n the centre  Ventricular premature systoles and ventriculae
tachyeardia are due in the main to ectopic ventricular foci, although
re-entry of the stimnlus plays a part in some cases. The rapid
strides in cardiac surgery have made us more fanuhar with ventricu-
lar fibrillntion  The causes of this lethal complication are still uncer-
tain but methods of combating it have been devised. In many
complicated arrhythmias the.cesophageal lead furmshes information
not provided by any other lead, and fuller exploitation of ths lead
m the future may obwviate the need for much painstaking and
dubious analysis of these archythmias from the conventional leads.

Sinu-Auricular Tachycardia

Thi~ is sometimes called physiological tachyeardia since 1t is not
due to any abnormal rhythm in the heart It occurs in o vanety of
condittons, of which only a minerity are associated wath discase of
the heart

MyocarDIat Famurg Tachyeardia occurs m heart failure
The stroke volume dunmushes, so the rate may mcrease in order to
maintain the minute volume But the mechamsm 15 by no means
clear. As the contraction of the heart becomes more efficient with
treatment, the rate slows.

PeripHERAL CircuLaTory Famwuvne. In shock the volume of
venous blood returmng to the heart 1s dimmished and the rate of the
heart mereases in order to atterupt to maintain the output The
reason for this is obscure

InFecrions. It 1s well known that m fever the pulse rate rises
about ten beats for each degree of rise in temperature, Sometunes
the tachycardia is out of proportion to the temperature. Many of

306
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these have acute myocardial lestons, such as infarcts, rhcumnii.c
heart disease or pericarditis. Peripheral eirculatory fmlurF, associ-
ated with a low blood pressure, is also the causo of the (lwpmpn_r-
tionate tachyeardi which occurs in some cases of pncumonia.
Myocarditis was found fn some fatal cases of poliomyelitis w here
tachycardia had been prominent (1)

Tachyeardia may occur if sufficient rest has not been allowed after
an acute mfection, this may lead to the development of a cardiac
neurosss, which may cause the tachyeardia to persist.

HYPERTHYROIDISM causes a persistent tachyeardia. The subject
is discussed in Chapter 6

Axxtery Nevrosts Tachycardia is frequently found in snxiety.
‘The patient complains of palpitation Other symptoms are
lessness, fatigue, left ain and dizzit 8 o in
the axille, and of the palms of the hands and soles of the feet is
common, but 13 found 1n other patients  Moderate exercie increases
the rate a ittle, and 1n some cases it may even fall duning the first
f;w minutes after the exercise The syndrome, originally decribed

T A N
the
=3,

+ breath.
"

douut nas been induced as to the integnty of the heart, sometunes

through the accidental finding of & murmur, and this has genetated

fear of sudden death on exertion  Oftan thava “ wacm -1 T
m bone and in musc

Syndrome” was atta

GCCUrS Inore common

eonflict of aniety ne

will often require tt

assurance that the b
mlh?imssn‘;xz\n_t ]m some cases symptoms oceur only twoor

tee hours after meals They comprise tachyeatdia, o

})am n the chest, tremor, lar B k znd y 3‘0‘\“:@'
aiiting  The attacks can be v il Y
s e e S € e reproduced by injections of 1017

ptoms ate probably dus to the selaes of e SHarply.

due to the release of ad
combat th of adrenaline to
oten, ohe fallng Lloodssugar, They are best treated T » bo-v
o
nw
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The (Esophageal Lead

TECHNIQUE. An cesophageal electrode can be constructed from a
Ryle’s duodenal tube, The bulb at the end is replaced by an elec-
trode of German silver; wires running up the bore of the tube con-
nect this to a terminal which is attached to the chest electrode from
the patient’s cable. The tube is either swallowed or introduced
along the nares; most patients find 1t easier to swallow. It is
passed down into the stomach and then withdrawn a centimetre
at a time until sharp auricolar intonsicoid deflectrons are seen
This normally happens at a Jevel of between 30 and 50 em. from the
tips. Difficulty is sometimes experienced in obtaining a steady base
lme. Twisting the tube may obviate this as better contact may thus
be secured (2)  Another method is to use a tube with a small exit
instead of the German silver electrode and flush through continu-
ously with normal saline (3).

NormaL Recorps  The wsophagus s in close relationship with
the left auricle for about 5 cm. below the level of the sixth dorsal
vertebra, lower down it les behind the diaphragmatic surface of
the ventricles The impulse spreads radiaily from the su-aurcular
node at the anterior margin of the junction of the superior vena cava
with the right aunele, but also from above downwards, The infertor
region of the left auricle and the left suncular appendage are the
last to Lo activated (#) At the ventricular levels, as the tube is
withdrawn from the stomach, an upright P is seen. The ventricular
deflections resemble those of Jead F As the tip approaches the
auricualar zone, P becomes more peaked and narrow, unti the sharp
auricular R appears At the upper auricular levels where the tip 1s
nearer the sinu-auricular node, the descending imb of R 1s prolonged
intoan S wave and finally R disappears. At this level the ventricular
deflections show a large Q with & small R and negative T which
represent the potentials of the cavity of the left ventricle At
supra-auricular levels the auricular 8 wave becomes blunted and
finally resembles the negative P of lead R. The s1ze of the auricular
intrmsicoid deflection may reach a total of 23 mm. (), although the
average Is about 6 mm. The streteh at winch they appear vares
greatly in dufferent patients. The longest was 22 em wlule in some
they were scen ot one level only (2) The auncnlar QRS has 2
duration of about 0 0G sec.

The auricular T wave is seen best in patients with complete heart
plock since, when the rhythm is normal, it comeides with t!w ventrict-
lar deflection. The auricular T1s 2 broad shallow deflection which 13
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opposite in sign to the major wnitial deflection  The Q-T interval is
about 0 36 see.

Premature Systoles

Premature systoles may arise from the auricles, the A‘\" node or
from the ventnieles Exceptionally they may come from theS-A node.
The imtable pownt in the heart musele tutiates a contraction !wﬁvm
the normal impulse from the sinu-auricular node has reached it.

A premature beat is weal, as the ventricle is incompletely filled
at the moment of contraction The strength of the contraction
depends upon the prematurity of the beat. Pressures of \cntricu.lnr
premature beats recorded while n catheter was in the right ventricle
showed that those which oceurred during the ejection phase of the
preceding beat tause only a broadening of the systole of that beat,
and maintamed the dictalis nrocesea o ~ee et

wastole showed a normal systolic pressure. In all hut the late
Prematute beats there was an increase in the latent period Letween
the electrical and the mechanical response, This is probably due to
refractormess of the myoeardium (6) The premature beat may,
OF A mnt mmnce AL - 4 . - T |
mt :
[
bea ) .
TG suvuvnng Ho1MAL beat—the Teturming beat~—19 uaually stronger
than normal ‘The premature contraction can be heard at the heart,
except i rare wstances of blocked aunicular premature systoles,
and the diagnos:s 13 best made by auscultation, 1n order to differ-
entiate this wrregularity from true drapped Leats of heart block.
Beats that faul to cause n pulse wave may only give the first heart
sourd for the valves will not open; otherwice both sounds are
preseat  The first sound of & premature heat s 1= - o) op of
ot suder

* late

entnestor vl S mduée + wave. This 13 beeanse the aurieulo-
leular valves descend during the period of v J

120 the venomns Sescend during pe! of rapid flow of blaod
have further to tra
ventrieular systole

and so vibrate more strongly (7). s e movng st
Prerasture systoles are not common when the rate of the heart 15
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over 110 a minute, so acceleration of the heart by exercive may
abolish them, When they aro present at this rale fhe muscl present at this rafe the muscle is
usually discased I
“TAuricular premature systoles. The P wave in the electro-
cardiogram is premature; it may be inverted, biphasic, or of a
size different from that of the other P waves in that lead, or be super-
imposed upon the preceding T wave. The variations from the
normalare best seen in the cesophageal lead, where it may be obvious
that the early beat is ectopic through having a predomnant 8 wave
at the lower auricular Jevels, otherwise chest leads reflecting the
potentials of the right side such as V1 or V2, or leads IT or F may be
used, In most cases the succeeding ventnenlar complex 1s altered
cither in regard to the height, direction or duration of the QRS, or
of the height or direction of the T wave. Aberration indicates
incomplete recovery of the conducting tissues. Aberrant conduction
2 moro likely to accur if the preceding cycle is long as the refractory
period is then prolonged In bigeminy due to auricular premature
systoles the first only may show an aberrant response (§) Exercise
may aholish aberration by increasing the rate (9). Occasionally
aurtcular premature systoles may come within the supranormel
phase and show normal conduction although the basie rhythm is
that of bundle branch block (0) Prematurity is not the only factor,
as aberration may appear during quinidine therapy, or durmng an
attack of pneumonia when some toxic action on conduction must be
presumed The P-R interval 1s often lengthened after an auricular
premature systole Occastonally the impulse 1s blocked, and there 1s
then no ventricular contraction.

The impulse from the premature auricular systole passes back to
the sinu-auricular node and discharges the one which is forming
there  The rhythm of the heart is thus fundamentally disturbed
since n new mmpulse forms at the sinu-auricnlar node The pause
after an auricular premature systole consists of the normal interval
between the beats plus the time taken by the ectopte impulse to
spread to the §-A node It is not so long as the full compensatory
pause follow g ventricular premature beats Sometrmesit s possible
1o recogmise this ehinically

/ Nodal premature systoles. Nodal premature aystoles are un-
common The mpulse is generated at the auriculo-ventricular
node, and spreads dowmwards to the ventricles and backwands to
the auricles As in nodal rhythm the P wave s inverted, and may
appear before the QRRS, or be buried 1n 1t, or follow 1t The ventricu-

lar complexes are normal.
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Ventricular premature systoles cause highly abnormal \'or;(-
tneutar deflections of the same hind as in l{un.(ll.c.\rmncln |:|Dc.
They are usually large and biphasic. If the main initial deflection is
wpward, the end deflection is downward; QRS is prolonged. N

Premature ventricular systoles used to be divided wto those arising
from the pght and left ventricles on the Jines of hundle branch
Motk Thus an upward mitial deflection n lead T with a downward
mitial deflection m lead III would sigmfy a premature rystole
ansing from the right ventnicle Just as, if not pren.mhxm, it '\\nuld
signify Jeft branch block in which the right ventricle is activ r.l(('(l
first It seems more likely, however, that their <hape 15 dclcrmlm'd;
more by thexr relation to the apex and the base of the heart.

In auy case the differentiation of premature ventricular systoles
is of Iittle chnical importance Thirty years ago the reversal of the

formerly accepted pret: made no diffe ta dingnonis
©F prognosts

Retrograde conduetion to the auncle often occurs n yventricular
premature systoles This was scen in 15 out of 33 caces in the
ettt e T 'wave
uction

“eon-
rusdtory pause " usually occurs, since the next impulse from the

siny auricular node finds the ventmeular muscle refractory. The
sum of the eyele before the early beat and that after 1t equals tue
rormal cycles A compensatory pause may also be seen in cases
With retrograde conduction as the sinus node may dischatge hefare
the retrograde impulse reaches 3t Ventricular premature heats
with retrograde conduction to the quricle raay be followed by escapes
of the node {22} 1f the heart 13 beating slowly, and the ectopie
impulse 1 very early, the ventacle may agatn be ready to contract
by the tune the normal impulse arrives, A true extra.systole then
tesults which 13 spoken of as an “mterpolated extra-systole” since
the premature systole is mterpolated between two normal heats
The P-R, interval followng an nterpolated extra-systole 15 nsually/
Prolonged, owing to fatigue m the conducting tissues If the
P-R 1s much prolonged the “eaapensatory pause” may be post.
Toned as the next beat may be dronned e ime o~ - sinus impulse
wave may Le
beat, after &
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time (Z4). Prematurc systoles may provoke alternation of the
pulse

MurrreLe PREMATURE SYSToLES may occur when several ectopic
foct arc active at the samo time. If the rate is rapid, as 1t often is in
these cases, the elinical irregulanity may be difficult to distinguish
{rom that of anneular fibrilfation.

Ztiology of premature systoles. Premature systoles do not by
themselves signify heart disease as they are frequently found in hearts
which are otherwise normal. They occur more often in men than in
women, and are inereasingly common as age advanees.

A normal heart may be irnitated in a variety of ways. Digestive
disturbances, particnlarly associated with heavy meals, and the
excessive use of tea, coffec, tobacco or aleohol may lead to ventricu-
lar premature systoles. Injections of adrenaline can produce them,
and psychological disturbances may act n the same way through
stimulation of the sympathetic nervous system. Premature systoles
may arniso during the course of any acute infection

In myocardial disease premature systoles are often met with in
active rheumntism They appear with ischemic lestons, and also in
acute focal inflammation. In rare cases they aré seen m combination
with malignant deposits, or in syphils

Digitalis produces ventricular premature systoles when 1t is

14 R 0 which
° : .. wually

a . " persist
sometimes 1n patients on maintenance doses; then it may be dis-
regarded There is evidence that premature systoles due to digitalis
intoxication may be caused by disturbance in the potassium balance
m the heart muscle, since they can be abolished by the admimstra-

Ci 1 e amen Afinn

fibrllation
Nature of premature systoles. Smingle premature systoles

can be evoked experimentaily by snduction shacks, or by means of
mechanieal or thermal stimull  Alterations in the quahity or quantity
of the blood supply may produce them. also stimulatl?n of the
autonomic nerves controlling the heart In certamn conditions the
heart scems peculiarly hable to generate premature systoles. Thus
chloroformt may mduce a state in which premature systoles may be

readily preduced by many different stimuli
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Parasystole. Premature systoles may recyr at intervals over
Iong periods The intervals may be regular or rregular, but if
wrregular, a common denominator in units of time can he found to
cover them all, if a sufficiently long tracing is taken. In these cascs
two centres in the heart musele are actively producing impulees.
The centre with the faster thythm, which is usually the higher
centre, 13 dominant, but the Jower ctentre is protected from the
impubses arising n the higher by a umdirectional block (Entrance
Bl;ock) Thus there may be & centre in the sentricle which
geterating impulces at a slower rate than the dominant sinus
rhythm 1tis protected from the normal sinue impulses by the block,
‘but 1ts own impulses ean pass out te activate the rest of the ventricle.
The heart, however, il not respond to impulses during the refrac-
tory period  Only those impul-es from the ventricular centre which
amve while the ventricle 13 receptive will be answered, The result
of this mterplay of the two rhythms is that ventricular premature
systoles bocur at intervaly which are usually irregular, since the rate
of the lower centre will wsually bear no simple mathematical relation-
hip to that of the higher centre 1f the rate of impulse formation
mthe two centres does not alter, however, the intervals between the
premature systoles will be related to each other, since the three
factors concerned in their appearance—the rate of the hugher centre,

the rate of the lower centre and the refractory period of the heart
muscle are constant

Rarely the rate of mpulse formation 1n the ecf

topic focus 13
faster than that of the sinus thythm In these cases some of the
ectésp\c \;:\p\ﬂ%e must alzo be blocked (Exit Block)
dm%r:g ,,:aﬁ,.ﬂ:?ﬁlﬂl?quemue when the parasystolic focus

~ees i a bl o1 nve years  Fusi
beats, due to the almost s} y e
welr;e oresens G most simultaneous discharge of the two centres,
e-entry, E: qall N
pecially n digrtalis a b
:&ﬁf:zeznﬁn ]:;iur n v\!:\nhh(he ventricular premature ;)gseelzx:llcn::
n time to the preceding beat. H i
that the promat p g beat. Here 1t is probable
Dormal hleJm e:r Ee.s_ysml? \sAc:\\wed by the rame stimnine ns 41n
conduct #, and
other fibces why

v+ as subitular nbhnllation
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fixed coupling of this type is more Jikely to be found after the longer
cycles since the conducting tissue is then more refractory (I8). In
cases of ventricular parasystole in fibrillation, ventricular premature
systoles with fixed coupling may follow only the cctopic beats,
gving rise to an appearance of paired premature systoles opposite to
each other mn sign A unidirectional block causing the parasystolic
centre to be refractory to impulses reaching 1t from the node yet
receptive to impulses reaching it from the ventricle scems a likely
explanation (19)

Symrroms. Premature systoles are a cause of discomfort to
many people They feel their hearts to be turning over, or else it
seems to stop. The strong returning beat sfter o pause may be felt
as an unpleasant thump. On the other hand, less sensitive mnth-
viduals are often unaware of any irregularity

Proanosis.  Multiple premoture systoles from severat foci,
especially when they are associated with a rapid chythm, are not
found n healthy hearts Otherwise premature systoles have no
prognostic value of their own If there are cardiac lesions, they
may have some bearing on the outlook of the case In mitral
stenosis auricular premature systoles may point to the early onsct
of fibnliation. After a coronary ocelusion ventrmcular premature
systoles somev hat increase the gravity of the prognosis, by suggest.
1ng the possible development of ventricular tnchycardia (see p 264}

Single premature systoles do not damage or overload the heart
They may suggest the presence of lestons, but alone they have no
moro significance than a systolic murmur, or a pulse rate of 120

- Treatment. Premature systoles usually require no treatment
beyond reassuring the patient by teling hum that they are of no
importance m themselves Sometimes they may point to & sourte
of toxin which is irntating the heart, and suggest a search for sep%ia/
1 the teeth, tonsils, sinuses, gall-bladder, urinary or alimentary
traets. If the premature systoles disturb the patient, the removal of
coffee, tea, tobacco or aleohol may be effective in controlling them
Bromide or phenobarbitone may abohsh those associated with
psychological disturbances Quundine sulphate in doses of 10-15
graws daily will often reduce the number of premature systoles
materially Both auricular and ventricular premature systoles can
sometites be checked by the use of small doses of digitalis  Ven-
tricular premature systoles produced by toxic doses of digitalis can
beo abolished for a time by potassum acetate 1n doses of 5 or
10 g. In cases of multiple premature systoles in myocardial disease,
or vremature systales oceurring n other forms of heart disease,
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the treatment is that of the associated lesion  Procaine amidv
(pronestyl) is worth a trial

\‘//l"HE AURICULAR TACHYCARDIAS

Mhonen ammadton = e dam 1 GT V4N A

1ar paroxysmal tachyeardia 13 due to an ectopic focus s}lunlcd in the
auncles which produces regular unpulses at rates which vary from
190 to 350 per minute. In auricnlar flntter, the flutter peaks l\z\}'c
a rate of 230 o 2N and ave mewmcdes S - RO .
fibrillary . - .
to 300 .

and 5 an wtermediate stage between flutter and fibllatiop  The
fintter peaks are alightly irregular at a rate &f about 330,

“Atiology oT Fibriflation and flutter. Nearly forty years ago
Tewms propounded hus wellknown theory of Circus Movement to
explain flutter and fibnllatton. He considered that both were due ton
etreular wave involving in the case of flutter the orifice of the superior
avd mfenor venz cave  From this central eireulatory wave imputses
spread out to all parts of the aurscle  Thus theory has recently been
challenged The evidence at present is conflicting, both from the
expetimental and clinical aspect

There are four possibilities 2 single esrens, multiple tireuses due
to re-entry of the stmul, multiple ectopic foer; and a single
heterotopie tachysystole

ExrenivesTan EVIDEXCE  Lewis traced the waves m flutter
slmost, but not completely, through a arcle m dogs In human
<ubjects he relied upon varying time relationships 1 electrocardio-
€ramy He assumed that the same process obtained 1n fibnllation
becatse of the gr-s ~ - .

flutter 1 mam

P,

. vo 2y watiel leLlens to both
sty 422y Lhis work favours a mingle ectopic focos in flutter
d!gh speed cmematography 1n cases of flutter 1w man oceurnng
: :m:lg' valvotomy has shown that both auricular appendagey con-
“ac ogether which would be unbikely with a central eirculatory

ave (22) On the other hand in some cases during catheterisatyon
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systolic waves at 230 were visible on the pulmonary artery tracings
and they preceded those of the right auricle. It is suggested that
they were diie to the impact of the left.auricle and that the con-
traction of the left auricle must therefore precede that of the
right (23).

A single shock applied at the vulnerable pertod at the beginning
of repolarisation can induce either auticular flutter ar fibrillation.

Lead Ji '

thet . it

Fre. 100 Aurcular flutter with 3 1 \-V block The @o-

phageal lead shows austcular mtrnsicowd deflections which are

predominantly negative at 39 em and are separated by a well
defined 180 electrie intersal

This favours this view that each 1s due to multiple re-entries with
many short circuses (24)

In aurtenlar fibrillation simultaneous electrocardiograms tahen
from each auricle during valvotomy showed m 3 out of 4 patrents
that the rate of the right auricle was faster than that of the left,
the average speed being 314 mn the night mmcl’o and 202 1n the left
(25). Some of tho waves resembled mtrmsicoid deflections there
were many teregular waves up to 04 mv. and small rapid oseilia

tions
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Curicas Evipevez  Records taken \\i\h.\he n»mp\mgcﬂl. lead
in auricular flutter appear to be identical \yth those of nuncu%:\r
paroxysmal tachy cardia except that tho rate s faster. Large regu Inr
intrinsicoid deflections are seen which are uenally negativo at the
eaudal end of the auricle suggesting an ectople focus ,}hhnugh on
accout of their sze and specd there is no steady base line Wwween
thew, at levels ghove and below the optimal point they appear as
discrete deflections separated by an i<o-electrte period (hg: l(l“)).
Pressure tracings taken of epinodes of fltter during eatheteriation
show effective contractions of the auricle corresponding to each
flatter peak In one case with tricuspid stenovis giant “a” waves
acewrred with & magnitude of 18 mm Hg (26). The evidence in

favour of & single ectopic focus i+ very strong, Sume intencardiae
TR crmmnes $1oa 2 ¢ . e T - east in
ent from

'

thowe of Gutter. Tntrinuieord deflections are seldom seen, When they
oceur they are quite rregular and have the characteristic waxing
and wanmg seen with the bmllary waves in other leads At no
Jevels do r-o-electric periods occur  Yet fibrillation i closely hinked
to flutter. Under treatment with quimidine the fibrdlary rate slows
a0d o stafe of impure flutter may supersene  In a sencs where
frequent electrocardiograms were taken pure flutter was recorded
W 50% and half of them pas<ed on to normal thythm (27) It seems
possible that flutter 13 a nornal transitional stage between fibrilla-
tion and smuy rhythm The reverse process has been obeerved
several tunes {28y When the rate of discharge reaches the “fibniia.
tion threshhold” aurieular 5

are scen and
then the wrregular waves and rapid oscillations of fibrillation ensue,

These tally with the fibrillar contractions observed Ly MeWilham
101887 (28)

Summary. The belef that & single tirens movement tan aceount
for exther auncular flutter or fibrllation 15 now hardly tenable
The evidence agunst 1t is tag strong. Auncular flutter appears
to be due to a single ectopie_focus differing only from auricular
tachyeardia 1n the speed of the impulse formation The problem
of aurtcular fibnllation s mare complex  The most hikely explanation
18 that with mereasing speed of the ectopic focus, premature beats
oceur which are able 4o re-tnter the muscle giving nse to multiple
small areuses. This would account for the wa: ing and waning
quabity of the fibnllary waves, Bu

1t the ibility ]
Beterctopic fow como be watted py e possibility of multiple
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7 Auricular Fibrillation

Auricular fibrillation is a common disorder, It is found in the
majority of cases of heart failure.

v /Btiology. There are no histological lesions specifie for fibrilla-
tion. Morbid changes are often present, but similar changes ocenr
when the rhythmn has remained normal  Of the predisposing causes
cardiac, rheumatism, age and the influence of the vagus are im-
portant
JCannIag REEVMATISH fecounts for more_than half of alt cases
In mitral stenosis 1€ is almost certain that fibrillation wall supervene
sooner or later, unles< an infective endocarditis has killed the patient
first. Occasionally normal rhythm persists to the end
@Tue Evperty Grour. Anrcular fibrillation 1s found in elderly
people who show little other evidence of cardiac disease In a
series of 20 cases of this type, all were men, the average rate was
about 70 (30)

SVagus. Vagal influence is probably the underlymg factor m a
miscellaneous group mcluding electric shock, acute indigestion or
appendiatis, also when fibrilfation occurs m digitahy poisoning.
@HyeerTHyROIDISM.  Aunicular fibrillation 1s a wel-recognised
compheation of thyrotoxenua, especially in the older patients
The subject is discussed in Chapter 6

’OruER Cayses  Auricular fibrillation occurs as a rare complication
in cardue inferction (p. 264), and m pneumonta It may follow
xn)'ngifdinlgapﬁgm due to a non-penctrating myury of the chest
(p. 172). It 13 not after pneumonectomy for carcinoma
of the lung  The only congenital defect with which it oceurs is in the
atrial septat defeet (p 55)

Diagnosis. The dingnosis of auricular fibrillation is ustally
quite casy. The pulsc 1s charactenistic It 1s totally irregular. The
beats are irregular in strength and 1n spacing  There appears to be
1o relation between the size of any beat and that of the preceding
pause thus a small beat may follow a long mterval, and n large
beat succeed a short one At no time can any steeession of rhythmie
beats be made out. There 15 a complete absence of a dominant

thythm )
ExaMisatioxX of TiE HEART When the pulse rate is very fast,

the isregularity may not be casy to appreciate Auscuitation at the
apex may solve this difficulty, and the diagnosis shouh% always be
confirmed by auscultation. Some of the weaker contractions, fn'xlmg
to overcome the aortic pressure, will cause no nave to be transmitted
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tothe wrist They may be heard nt tho heatt, Lut will not be (ck_nx
{he wrist  Sometsmes these extea beats will make the wregulanty
more prononnced, though they will not always doso §

If the mitral valve js normal, the first sound will vary m {l)!cm)t)‘,
depending upon the intersal between st and the preceding b(::l(.
The loudest sound occurs when the interval is short and the ventricle
contracts during the early diastolic filling phase (31). The valves
descend during this phase, and, a3 with premature systoles, will
travel fast to rearh the position of closure and sa will vibmtestrongly.
If the muteal valve Js diseased and mcompetent this feature will be
less obwions since only the tricuspid will close.
- Efreers oF ExerCise  The ¥ lority of
becomes more 1 on mod 1

ty of fbnllati

usually

of the heart,
When the rate 13 slow, and there is any doubt as to the nature of the
wregularity, the patient, 1f well enough, should Le re-examingd

after moderate exercise, when the diagnons Wil usually become
obvious

ELECTROCARDIOGRAMS  Besides the total irregulamty in the
pacing of the ventnieular complexes, the ¥ (sunculat) waves are
absent  In place fibnllary waves are usually scen  They are rapid
and rregular osallations, occurning betweert 330 and 500 times a
minute f'l‘hey are often obvious at one part of a Jead, and then s

naies, a3 & b HUT the) arve always present, and n the
flat curves of fibrllation 1n which no osallations may be visible
between the ventreular complexes, they can still be seen superini.
Posed upon the T waves, and careful mspection will show that no
tho T waves are exactly the same  Fibrllary waves are best seen
:r: Y::;z :lasophageal lead and in precordial leads to the right of the

In curves showing fibrill
T waves are more deeply

and Jeft ventricular hypertrophy, the
oraces are mo negative after the shorter pauses, whilst
i efm utter and subepreardiat anterior infarct, T was more
beg :‘vg x; ter the Jonger pause Lead V4 showed these changes
et nwl‘ were presumably due te alterstions in the speed of
Q?E :i n: :(:‘u é\? ﬁt{{x; ‘nbn:;rmal Patt of the myocardium (32), The
o does uot vary with the eyele length, but

l::‘g:&d:angn the average ventucular rate. 1f tllus 18 c:ﬁc\llnted
s © used Yo determune if the Q.T 15 normal or not (33).
Ratients who wse fully digtabised, the node may eseape  The
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v Auricular Fibrillation

Auricular fibrillation is a common disorder. Tt is found in the
majority of cases of heart farlure.
< Atiology. There are no histological Iestons specifie for fibrilla-
tion. Morbid changes are often present, but similar changes occur
when the rhiythm has remained normal, Of the predisposing causes
cardiac_rhenmatism, age and the nfluence of the vagus are im-
portant
TCarp1aC RERUAATISN accounts for more than half of all cases.
In mitral stenoss it is almost certain that Aibrillation will supervene
sooner or later, unless an infective endocarditis has killed the patient
first. Occasionally normal rhythm persists to the end.

@Thne ELDFRLY, Grovr. Auncnlar fibrillation is found in elderly
people who show little other evidence of cardiac disease. In a
serics of 20 cases of this type, all were men, the average rate was
about 70 (30).
@Vacus  Vagal mfluence is probably the underlymg factor in a
miscellancous group meluding electric shock, acute mdigestion or
appendiettis, also when fibrillation occurs in digitals poisoning
@HyrERTHYROIDISM  Auricular fibrillation is a well-recognised
complication of thyrotoxwmia, especially in the older patients
The subject 18 discussed i Chapter 6

/OruEr Cavses. Auricular fibriliation ocenrs as a rare complication
in cardiac infarction (p 264), and in pneumoma It may follow
myocardial contusion due to a non-penetratmg mjury of the chest
(p. 172) 1t 1s not after pneumonectomy for carcingma
of the hing  The only congemtal defect with which 1t occurs 13 in the
atrial septal defect {p 355).

Diagnosis. The diagnosis of auricular fibrllation is usually
quite easy. The pulse is characteristic It 1s totally irregular The
beats are irregular m strength and in spacing  There appears to be
no relation between the size of any beat and that of the preceding
pause. thus a small beat may follow a long mterval, and a large
beat succeed a short one At no time can any succession of rhy thmie
beats be mode out There 1s a iplete abs of a d t
rhythm

ExAMINATION oF THE HEART When the pulse rate 1s very fast,
the irregulanity may not be easy to appreciate Auscultation at the
solve this difficulty, and the diagnosis should always be
ation Some of the weaker contractions, faiing
will cause no wave to be transmitted

apex may
confirmed by auscult:
to overcome the aortic pressure,
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wregular fibrllation there is an inverse relationship between !hn:)
peri:iland the length of the preceding ey cle The l.ength of med‘zmlm
cal systole i3 greater after the longer pauses, since the diastolic
pressure is fower and the ventricle 13 better filll, The result l‘i a
large beat with a high pulse_pressure Pube pressures, however,
differ in cyeles of equsl length since efficiency 13 probably lo\fcr
if any cycle 13 preceded by several short ones With slow fibrillation
recovery takes place and there is Little change in the systolic pre~sure
with varying eyele lengths (33). Under digitahs therapy the maxi.
mum efficiency 15 attamed when the apex and pulse mt?q are most
nearly the same The point at which this eccurs varies in different
indwviduals, but it will not usually be reached until both rates are
uader 80

Esercise causes an undue acceleratton of the heart in fibnllation
{35) There i3 also & delay tn the return to the resting level. The
aceeleration 43 usually due to a decrease in the vagal tone. The
fibrillary waves become slower, and so a greater number of stimuly
pass down the bundle.

Emotion ¢an lead to acceleration through an inerease in the
cozaduch\—ity of the bundle due to over-action of the sympathetic
L N s

a tendeney to

This tendency

- "n these cases

wudures should be given as well as digitalis, More placid types and

elderlv nonnta - LoTon s : vagal influence, can
o

s wens Testoration of sinus
thiythm showed that the output and the stroke volume increased
both at rest and during exereise The oxygen content of the Liood
w the pulmonary actery wnereased resulting in a fall in the arterio.

venous oxygen duifference (37) The peripheral reswstanco fell s
out of 14 cases (38!

) The probable cause of the improvement is that
the heart 1s.bette: filled when the suricle contracts 39
. P‘“@i‘msts: Aurieular fibrillatton occurs wo commanty na -

. U
Ty o reutireuiar musele. The longest recorded case o
persstent fibrillation, according ta T et Tece s f

A pp} *
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escape beats have the same contour as the normal beats but are
slower. In one series the average ventricular rate was 57, while the
A-V nodal rate was about 44 (34),

~  DirFrcurTies 1v Diaaxosts, There are three conditions which are
difficult to distinguish from fibrillation.

Multiple premature systoles, especially if they are arising from
niore than one focus in the heart, may give rise to an irregularity
very similar to that of fibrillation. The exercise test may not assist
as the rate is often already fast A combination of fibrillation and
premature systoles may cause difficulty, if the rate is slow, the
fibrillation may be missed.

Partial keart Vlock with many dropped beats, when it occurs
at a relatively rapid rate, may cause an arthythmia clinically
indistingwishable from fibrillation,
~ Auricular fluticr, when the ventricular rate is slow and irregular,
may be impossible to distingmish from fibrillation withont an elec-
tracardiogram.
~/ErFECT OF THE ONsET OF FrsriLratron. The effect of the onset
of fibrillation depends upon the previous condition of the heart,
and upon the speed at which the ventnicles are driven

The speed of the ventricles varies inversely with that of the
fibrillary waves, A healthy auriculo-ventricular bundle will not
transmut impulses above a certain rate, and the higher the rate at
which 1t is stimulated the fewer impuises will 1t conduet. If other
conditions are equal, more stimuli will reach the ventricles with a
fibrillary rate of 350 a minute than with a rate of 500. The highest
recorded ventricular rate m fibrillation 1s 230, but 1t is not often that
speeds of 160 are exceeded

If conduction in the bundie is impaired, few stimuli will pass, and
the ouset of fibrillation may not cause any acceleration of the heart
Complete heart block with a slow and regular 1dio-ventricular rhythm
may exist with fibrillation

In advanced mitral stenosis, the onset of the rapid and dis-
orderly rhythm of fibrijlation usually brings on heart failure On
the other hand n elderly people the ventrienlar rate may be but
httle affected by the fibrillation because of latent heart block, and
they may be unable to remember when the arthythma began.

Course  Auricular fibrillation lowers the efficiency of the heart
When the ventricular rate is rapid, many beats are ineffective and

it eensh #ha noles The electro-mechameal Jatent period which
"the Jeft ventricle

le. In rapid and
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i v be prolonged; they

i hycardia ({) The attachs may ¥ '

“1‘:;?3:01{ tlt;lnlit\- and may prove fatal (£3). Complete (l;\*f:cll,..*

gon has been reconted (46) Yn one \v:ms“hlf -:iolc:\ic:ﬂ (n ;i:i\‘c
been a factor {#7) Nearly all ha had gestiy

iiﬁ?:etgelf‘;:me tachy cardia bLegan and had reccnfvd dlﬁl(l\‘l‘ii
frequently to excess  Half of the<e patients died, This type would

'
. L
' P :
[
Fio 110 Auncular tachycardia with 2 Uhcart bock  Auseutar
ate s 320 Ventricular rate 1g 1

appear to conform more
than to auncular tachy

they are hasieally the ga;
Phyeirnl awmeot o

nearly to modern conceptions of flutter

cardia, and provide further evidence that
me

v a regular pulse of
positions, whether he
. be due to auncular
1 *an JuBwar pulse an the neck should fu o v
The rap

d and regular aymey),
m the pulsation of the 1o
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twenty years (£0) These cases are exceptional, however, and auricu.
lar fibrillation must be regarded as a serious incubus upon the heart.
When it occurs in a heart which 1s already meeting the demands
upon 1t with difficulty, failure may come on rapidly.

- Auricular Flutter

Auricular flutter is an uncommon disorder, occurring m many
types of heart disense. The average age of onset is somewhat later
than in fibrillation, most patients being from forty to seventy,
aithough examples have been found in infancy. Arterigsclerosis
and hypertension are found 1n the majority of cases (41), but flutter
may alse oceur in chronte rheumatic heart disease and in hyper-
thyroidism, occasionally 1t 15 seen m acute rheumatic earditis
Paroxysms may follow cardiac infaretion, or an acute mfection, such
as influenza, or pulmonectomy It may be associated with an
atrial septal defect.

Diagnosis. Since it appears likely that auricular flutter 15 due
to the activity of a single ectopic focus, the distinction between
flutter and supraventneular tachycardia lies only 1 the speed at
which impulses are formed in the centre But the dividing Ime 13
not clear cut In flutter, oseillations of the fibre are seen winch havea
sharp uprismg and a more gradual fall  These oscillations are called
the “‘flutter peaks,” and it 1s noticeable that as soon as one ends the
other begins, These features are not so obvious m the cesophageal
lead in which it is apparent that the large intrinsicoid deflectrons
are not separated by a base line simply on account of therr speed.
The other charncterstic of flutter 1s that the ventnicle, except on
very rare occastons, does not answer all the aunicular heats The
usual response 18 .to answer half (1:2 response} With an average
auricular frequency of about 300, the ventricle responds with a
regular rate_of 150 In some patients the ventricular response i~
slower (1:3 or 1:4 response}, the rate 1s then less than 150 and the
rhythm is trregudar. With higher grades of block the node escapes,
until finally all the beats are of nodal onign and complete A-V
dissaciation s present, as was present i the original case of flutter
deseribed by Ritehie (42)

A not uncommon group of cases possesses one but not the other
of these characteristies 2.1 heart block 15 present, but discrete
P waves take the place of the flutter peaks The auneular rate may
vary from 160 to 400 (Fig. 110) Flutter peaks may be reen in some
and 1so-electric periods m others with a faster

with a slower rate, 2
L . e, et atcmer maved bt minc altornats urth
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1:2 Frerer, Usaally every other su‘muhm i !mmmlfteﬁqﬁc}é}:\
venteicles g0 that the ventricular rate is tegular, nmi :n(“rvnh m
130.t0 180 Sometsmes & stimulus will be dropped a n)c pog
ihat ab one mement every other impule and a anet 1;‘: very
{usd sl bo transputted. The ventricular rate will thex"\ )cka;mh
120 and shghtly wregular. Some of these enses show W nnc\ & 7:10. :
periods with inereasng Rutter-peak-R intervals it a Leat @

Fie 1122 Auncular flutter,
Tesrly 300 1 1 ventnoulst
respanse

dropped (51) When every other atimulus »s answered, 1.2 heart
block 1s smd to be present  This does pot imply that there 18 any
disease of the condueting tissue, 1t 4 merely a method of expressing
the ratio of the aurcalar to the ventriewlar rates

When the P are 1 as i bundle
tranch block, or recent snfaretion the fSutter peaks may be obseured,
except in the esopbageal lead. Incteaung ihe block by means of

carotid sinms pressure may enable the diagnous to be made in theee
cases

Fi 1128 Aurcular flutter 1 2
vemtnicular response  From the
same casa a8 A

1.1 Frorrer The human ventricle is not capable of mamtang
rates of over 300, and speeds of over 200 are not well tolerated The
ower fatter rates are among those which can yust Lie mamtained,
&0 that every wnpulse may be tranvmuted and the ventriele will
then beat, at  speed of 200 or moare (Fige 1124 2rd 1125)  Attacks
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and it may be possible on occasions to make out waves which are
much faster than the ventricular rate, especially if pressure on the
carotid sinus is effective. Occasionally i these patients the flutter
sounds can be heard, and the auricular movements may cause a
perceptible vibration of the chest wall. The contractions of the
auriele can occasionally be seen on the screen with the patient in
the right oblique position and barium in the cesophagus; the column
of barium vibrates. Pressure records taken from the brachial
artery sometimes show the rapid auricular waves (48). Asin fibrilla-
tion or premature systoles the londness of the first heart sound

e

e 3o
o e g vy

Fra, 111 Aurrcular flutter. Pressure carotid sinus (X) canses
transient ventricular standstill, Ventricular escape (V.E.) ocenrs.

depends upon the position of the A-V valves when the ventricle
contracts. Loud sounds were heard when the upstroke of the flutter
peak came about 0 20 sec. before R (49)
.. Carotid sinus pressure may cause the ventricular rate to slow and
become irregular for as long as the pressurc 1s mamntained: then the
original rapid rate is resumed 1n steps (Fig 111) The flutter waves of
the external jugular veins may be seen to persist  This serves to
distinguish flutter from other forms of paroxysmal tachycardia, but
oceasionally & sinus tachycardia responds I a somewhat similar
waraer. If the pulso 1s from 100 to 120 and icregular, mild exercise
may cause 1t to accelerato to about 150, and to become regular

Too much reliance must not be placed on these methods of dmg-
nosis. The carotid sinus response, when seen, 13 characterstie,
but in most cases an electrocardiogram is required for the diagnosis ,

Electrocardiograms. The flutter peaks with theirsharp uprising
and more gradual fall are distmetive. They are usually seen better
in leads m F and so 1n IT and III rather than i lead I They are
perfectly constant in shape and time 1n each subject, and they have a
very similar shape in different subjects, although the rate may vary
considerably. The usual rate 1s about 300, but they have been found
as low as 180 and as lngh as 360 a minute. In the wsophageal Jead
large intrinsicoid deflections are seen at the auricular levels  Occa-
sionalty they may be found when no flutter pesks aro visible in the

other leads (50).
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Paroxysms of tachycardia may be due to transient l\.unc\\la\‘
Shriflation or flutter, to auriewlsr paraxysmal tachycardia or to
ventnenlar tachyeardia  Ventricalar fibmllation i1 so closely nssoci-
ated with the last that it 15 al<o considered here .

Paroxysmal auricular fibrillation. Paroxysms of fibrillation
vually end spontaneously within two days  Normal x'hy\\\m is not
Bhely to retumn after & week, although oceastonally it may do #0
after manths ar years

Paroxysms ocour under three conditions A senies of paroxymms
may precede the onset of permanent fibrillation  This 13 not un-
common in smtral stenosis or Ryperthyrodiem, 1t seems aa though
the suncular muscle has reached o state when any stunulus will be
suffiient to excite fibrillation  Aunenlar premature systoles are
often present at this stage The parosy<ms may last from o few
beats to some hours

In another group are the 1olated paroxysms They have usually
adefinute exaiting canse, such as a coronary aeclusion, ot they anse
dunog the course of an infection In the same category are the
attacks due to vagal influence, such as thowe caused by electrie
shock, or following <ome mental disturbances

In tme paroxysmal fbollation the patient may undergo o
succession of these attacks at, shotter or longer intervals over a
sumber of years  Often a careful search fails to find any satsfactory
ravse  In some cases toxic condihons, such s cholecystitis or
Pehtis, are assorated with the paroxysms Pressure on the lelt
auzele from 3 lymophomatous nodule 1 the left root was the eause
inogecase X.ray therapy stopped the paroxysms (34} The attacks
are not dangeroys, but they may give ns to much dpsability
Somctimes they end by the fibnilation hecomung established,
foraetunes the condition proves amenable to treatment

. Paroxysmal auricular fiutter. One-quarter of ol cases of
urienlar flutter are purely paroxysmal, and attacks are often

Fia 113 The arrow marks the end of a vatoxy sm of flutter The
nxt slack starts with an guncular extes systolo (£ 5 )
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have been recorded in which the ventricular rate was between 230
and 300, and several in which it was about 200, mostly oceurring
during the auricular slowing brought about by quinidine (52).
These attacks may also be provoked by exertion. They are usually
serious, and sometimes causo loss of consciousness, and they may
account for some of the deaths which are classified as syncope,
- Btow VESTRICULAR RaATE 1xv FrLurTer. When the ventncle
responds sometimes to every third, and sometimes to every fourth
impulse, the rhythm will be irregular and the rate will be compara-
tively slow. VWhen the rate is below 120 it is probable that the bundle
is diseased, although the expressions 1:3 and 1:4 heart block are
again merely methods of expressing a ratio. When the rate s under
60, disease of the conducting tissue is certainly present, and complete
heart block 13 sometimes met with in flutter

Course and prognosis. The onset of contmuous flutter 13 a
nore serious event than the onset of fibrillation. Ambulant cases of
flutter are not so easily controlled by digitals, and they are hable
to an abrupt doubling of the ventricular rate on exertion. A change
from flutter to fibrillation is almost always beneficial to the patient;
but as in fibrilation the prognosis as to life depends upon the under-
lying cardiae condition.

Paroxysmal Tachycardia

A paroxysm of tachycardia is o bout of rapid heart action which
starts quite suddenly, has a variable duration, and ends as suddenly
as it began, The rate of the ventricles varies from 120 to 300 a nunute.
Somoe patients are prostrated by the attack and have to lie down til}
it is over; others are but little inconvemenced The patients com-
plain of palpitation and perhaps suffocation with a sense of flutter-
sng in the chest  The rapid beating of the heart js often distressing
Precordial pam may develop. The blood pressure falls and giddmess
and faintness may be caused by the defective cercbral cireulation
There may be acute mental disturbances such as hallucinations, and
epileptiform convulsions may cceur Nausea 1s sometimes noted
Polyuria may occur (53).

The duration of a paroxysm is very vanable It may only consist
of a fow beats, or last for days. Most paroxysms end within two
days, but some have lasted for @ year or more

In prolonged paroxysms the circalation 1s stowed and the heart
may fail. Thys is more bkely to aceur if the heart was previously
discased. The patient becomes orthopneere, and may vomit. or
precordial pain may be felt Venous engorgement and cyanosi¢
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i P i 1 is much lengthened
1m nodal tachycardia  1f the R-P |!\tsrva
::?pwm\ thythra can oceur (60) (se¢ P 205) After long F‘f";)‘“‘;‘;
the T wave may become inverted for a time, presumably due
exhaustion of the heart muscle (Fig 115).

Fie 114 Noda) tachycardis st & rate Fio, 115 Nepatne T wases
of 194 with bidrectional sentriculsr  after & long paroxysm of
Tegponses (QRS3, 0 09 see ) auncular tachycardia,

Reeerrve T, A A i of short
mms of anneular tachycardia oceur separated by one or more
normal beats (Fig 116) The combined rate vanes from 90 to 150
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F16 116 Repetitoe sunevlar tachycardia at 180. Note mtermissona

m each lead  Electrieal alternation occurs at the end of V3
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associnted with paroxysms of fibrillation (52). Paroxysms of flutter
tend to recur and becomo more frequent, and they easily lead to
henrt failure if at all prolonged.

Cases with numerous short attacks consisting of a few flutter
peaks only are sometimes found (55). (Repetitive Tachycardia)
(Fig. 113).

Supraventricular tachycardia comprises auricular and nodal

tachycardia. The distinetion 13 somewhat artificial and is based
upon the different appearance of the P waves in the limb Jeads. In
most attacks of auricular tachycardia, unless the beginning or end
has been recorded, the P waves cannot be seen, being buried in the
QRS or T waves. When present they are abnormal and usually
inverted. In the comparatively rare type of nodal tachycardia
mverted P waves follow the QRS. In the cesophageal lead the
auricular intrinsicoid deflections are clearly ectopic and frequently
resemble flutter in having predominant § at the lower levels. There
is no means of distinguishing an auricular or a nodal ongin of the
focus.
In supraventricular tachycardia the heart beats at a rate varying
from 120 to 300, but in most cases the rate is about 180, Asa rule
the rhythm is remarkably regulnr, the beats being evenly spaced
to a fraction of a second Sometimes the rhythm is mterrupted by
ventricular premature systoles The rate js not usually influenced
by posture or by emotion, Pressure on the carotid smus will not
alter the rate, although 1t may terminate the attack The mechanism
1s not under the control of the central nervous system. Auricular
tachycardia 1s quite common In most nstances no cause can be
found for the attack Some occur only during pregnancy (56), or
following operations on the chest (57), or as the resalt of contusion
of the heart (58)

The ventricular complexes arc usuaily of the normal supra-
ventricular type Sometimes, however, the ventricular complexes
show aberration during the attack and the curves, except n the
sophagenl lead, will then simulate a paroxysm of ventricnlar
tachycardia (Fig 114) Auricular and ventricular tachycardia may
be present simultancously Usually the rate of the two rhythms
differs, but in one case they were the same and the diagnosis was
made by the fact that after pronesty! the aurcular tachyecardia
stopped first. I anather there wa« a sumultaneous anricufar and
nodal tachyeardia  When the auricular tachyeardia stopped
interference dissociation resulted with \-cntrxcnl.:r capture {59)
Retrograde heart block yath “reversed Wenckebach® periods may be
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* temasbinnad

the T wase may become miEle s .
exhaustion of the heart muscle (Fig 115).

Fio 15 Negatne T wares
after a long patoxysm of
suncular tachyeardia.

Frs 11§ Nodal tachyeardia at o rate
of 134 with bidwectional ventricular
responses (QRS, 000 see }

REPETITIVE TACHYCARDIA A continuous succession of short
runs of auncular tachyeardia occur separated by one or more
uormal beats (Fig 116) The combined rate varies from 90 to 150
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Tic 116 Repetitive auricolar tachyeardia at 180 Note intermwsionn
M each lead Electricnl alternation. oceurs st the end of V3,
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.".:l'hfmrt block may be present or Wenckebach periods The prog.
nosis is good and in most enses the tachyeardin ceases spontnneousf\'
\qlthough it may persist for several years (55) §

ProroxaEd Avricurar Tacuycarpra. Most of the reported
cases had 2:1 heart block and so perhaps should be classed as
auricular flutter (Fig. 110}, Thus two girls had anricalar tachyeardia,

Fia 117 (a) Welft.Parkncon-White syndrome. (8) Daroxysm
of aurieular tachy eardia from the snme case.

for stx years and two years respectively, at a rate of 150 when
standing, and 150 when sitting, while normal rhythm at 90 often
returned when lying, 2:1 heart block bemg present at other times
(61). In two more the tachycardia persisted for over eleven years
but digitalis induced 2.1 block and kept the rate at about 100 (62).
Congestive fatlure supervened when the rate mereased to 200 {83),
as 1t did in @ man who had tachycarda for most of the time for more
than 25 years (64}

Aunicurar TACHYCARDIA AND THE WoLPF-PArKINsON-WHITE
SyxpROME. Parosysms of fachyeardia are not uncommon in the
Wolff-Parkinson.White syndrome, and they are nsally punentar m
origin (65} (Fig. 117 (a) ant (b)) Durmg the attack the ventrieular
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camyplexes may be more normal. In other cases suricular fibrillation
13 present and, ravely, veutricular tachyeardia (66).

Arnicrrar TACHYCARDIA IX INFASCY. Parocysms suay oecur n
infancy with Tates varying from 230 to 300 (67) The child 13
restless, then apathetic, and the pulse often imperceptible. Vomiting
and eyanosis may occur, Fever and Jeucoeytosis are present. Con-
gestive Talure may follow, Many of these eases have A-\" heart
Block (68} Drgitals is the best treatment (69) (Fig 118)

R i
A

Fic 113 Auricalar tachycardia in & ¢hild of 5 V'
7 weehs, Venin.
cular rate 240 Lower stnip shows normal rhythm after 0-2 me
Lanoxmn mtremuscalarly m 16 hours.

dl;tj'_:%msis. 1f there 13 noassooiated heart disease, the expeetation
by wx;sa:ncuhr tachyeardia does not duffer from the normal In
e s :t;:ks had Leen present on the average for 25 years, and
bne muibey Dfstctrty ;ax 64 years (70) 1t 13 impossible to predict
g et ‘t acks any patient 13 hikely te have The attacks
T S:Dz aneously, or the paticnt may react to treatment,
mors Teamn :1 am:e‘ unchecked  Occasionally the attacks become
oty ope nd last longer, with more sertous and sometimes

entricular by
Parosyems of Vent Tachycardia
OXY s ventn achyt
ectopie \,ea‘, N 1cular tac gcardm consist of a succession of

Ing 1n either venttiele and
a5 e and hasing the same form
M AT premature systoles They must be distinguished

Tom paroxy:
Paroxyums of aurtenlar tachycardia with smpared eonduetion
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2:1 heart block may be present or Wenckebach periods. The prog-
nosis is good and in niost eases the tachyeardia ceases spontaneously
although it may persist for several years (55,

™' ProLoxerD AvmicULar-Tacuvoarnia. Most of the reported
cases had 2:1 heart Wlock and so perhaps should be classed as
auricular flutter (Fig 110). Thus two girls had auricalar tachyeardia,

Fro 117 {a) Wolff Parkinson-White syndrome (b} Paroxysm
of aurscular tachyenrdia from tho same case

for six years and two years respectively, at a rate of 180 when
standing, and 150 when sitting, while normal rhythm at 90 often
returned when lying, 2:1 heart block bemg present at other times
(61). In two more the tachycardia persisted for over eleven years
Lud digritalis induced 2:1 Llack and ket the rate at abaut 100 (62)
Congesttve farlure supervened when the rate mereased to 200 (63),
a9 1t did in a man swho had tachycardia for most of the time for more
than 25 years {64) .,
Auvntourar TACHYCARDIA AND THE \Voz.FF-Pszxxxsox‘\} HITE
SynproME Paroxysms of tachyeardia are not uncommon in t!.m
\Wolfi- Parkinson-White syndrome, and they are usually aunenjar in
origin (65) {Fig 117 (a) aud (b)) During the attack the ventricular
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down a bundle branch (aberration), or from auricular flutter with
bundle branch block. To do so certain criteria have been estabbshed.
OF these, the most reliable is the d ration of an ind dent
auricular thythm with P waves occurring at a slower rate (F;g‘ 119)
For this purpose thero is no lead to equal the sophageal in which at
auricular levels the intrinsicoid deflections stand ont clearly, and in
many instances are actnally larger than the ventricular QRS
(Fig 120). Other eriteria are the presence of ventricular premature
systoles before and after the paroxysm, similar in shape to the
complexes of the paroxysm, the onset of the paroxysm with an
abnormal ventricular complex, and ectopic ventricular complexes
occurring regularly and rapidly i auricular fibrifiation (7). On
rare occasions the eesophageal lead may show retrograde conduction
to the auricle (50). There may be partial retrograde block, and
some of the P waves may be dropped  Or, when the R-Pinterval 13
long, reciprocal beats may occur, and sometimes the form of these
beats 13 intermediate between the ventricular tachyeardia complexes
and sinus complexes indicating fusion Deats (72). Fnsion beats
may also be due to the activation of part of the ventricle by the
idependent auricular rhythm and are useful evidence of a ventricu-
lar orzgin of the paroxysm (73) An auricular tachyeardia may oceur
simultaneously with the ventricular paroxysms (59) (sec p. 328)

Br-pirrcTIONAL VENTRICULAR Tacuycarprr. The complexes are
alternately of right and left ventricular type (Fig 121). The focus
in these cases 1s almost certainly supraventricular, probably in the
node, and the form of the ventricular complexes is due to impaired
conduction down each branch of the bundle aiternately. There is,
in fact, an alternating bundle branch block Lesser grades may
oceur with alternating mcomplete right and left branch block. In
them tho main deflections of alternate complexes have a different
divection but the QRS is not widened (Fig. I14) Carotid sinus
pressure may stop the paroxysms for a timo or block alternate
complexes (74} This rare and very dangerons arrhythmia 1s dee
usually to digitalis poisoning  Out of 3¢ cases recorded m the
literature 22 were receiving digitalis (75)

Repetitive ventricular tackycardia 18 much less common than
the auricular variety (35) One such case had hundreds of short
attacks duly. Many attacks began with fusion beats {76)

Chinical features. The ventricular rate during the attack varies
from 100 to 300. When the rate 1s over 240 a Wolff- Parkmnson-
¢ should be considered, especially if the patient js not
as palpable peripheral pulses and a systolic pressure

White syndrom
in shock and b

M
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'Eﬂology. Ventreulat tachyeardia is much Jess common than
auncular tachyeardwa, and iz found under three conditions  In
about one-tenth of the eaces the heart i otherwise normal (¥7).
These melude patients with repetitive ventricular tachycardia and
the Walff-Parkinson-White syndrome Attachs may continue for
Years and then cease (52) One such case had numernus paroxysms
when he was tense and unhappy ($3) They are usually casily
controlled by quinidine In this category alsoare the short paroxysms
which are frequently induced dunng cardiac catheterisation, when
the tip is in contact with the night ventricular wall  They may alo
ocenr nith the catheter in other positions such as in the right auricle
or pulmonary artery and are then probably reflex i origin {$4)
Withdrawal of the catheter nearly alnays brings them 1o an end,
bt aceasionally o paroxysm may continue for hours (§3). Short
pomaxyams of ventricular tachycardia have occurred at the end of
the forced expiration of the Valalva mancuvre performed to
stop an auricular tachyeardia  They may have been dve to the
releace of adrenaline (56)

In the great majority of casey severe disease of the heart muscle
1 present, usually cardiac infarction involving the septum. In 44
out of 100 patients the attack followed infarction (7). Full doves
of digitalis was a factor 1n some but. digrtalis js not so prone to cause
veptrieular tachycardia after infaretion as was formerly thought
Infact, digitalss has been given intravenously dunng attacks withaut
untoward results (§7) Ventneular tachycardia has folloned an
exereise test in o patient with angina pectoris (88) Bi-directional
ventneular tachyeardia is due to digitalis itoxication hut only
n ,»'etaamfﬁln?end x‘x!\yoc‘\.rdm disease. 1t cannot. be produced
e ¥, Ror does it oceur in eases of surcide with dim-

bel&zl;‘crfresence (of A-t\' he‘art block, ventnicular tachycardia may

b cursor of ventrienlar fitrillation which & f

o[gwkes-‘\dams‘ attacks (see p 202 et one of the enues
rodaoss. As might be expected the i i
Proguo rognos i

myocsndial Gease 15 Bad Mot patients hiveoos +ok e

e T - Lypv wie unmediate prognosis is ext Iy

grave Untess the caus, suc};«, " progn remely
: a3 digrtaks, can be sto)

E“\f}-ﬁ\m& 1 Wkely to die within tw Pfhv,fm» W he s ped at once,
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of more than 100 mm. Hg. It seems that in this condition the irrit-
able nodal and bundle fibres can conduct the impulse at supranormal
speeds (7). Attacks may last from o few beats to two menths (78}
In prolonged attacks shock is severe and they usually end fatally.
In those that recover, the prolonged state of shock ean cause a Jower
nephron nephrosis with vomiting and raised blood urea (79). The
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Fia. 121, Bidwectional ventricular tachy cardia.

thythm is usually regular, but sometimes there are slight variations
in speed which may be perceptible chnucally The first sound at the
apex is widely “spht ” In the presence of an mdepend'cnt auricular
rhythm the sounds may vary shghtly in intensity owing to altera-
tions in the position of the A-V valves w he.n the ventnicles contract,
as in premature systoles. Also ginnf “a” waves ean be seen at
irregular intervals in the jugular veins, due to the nght aunicle
conlt,mcting against a closed tricuspid vaive They tend to vary m
strength as the tricuspid may be partmlly. open (80} Carotid sinus
press:re has no effect upon the tachyeardia
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which the size of the compleses is diminished  If they last 30 sec.
conselousness 13 lost,

The fully developed attack of ventricular fibrillation lasts up to
six minutes  Incoordinate contractions occur with a frequency of
240-380 (Fig 123) The oscillations in the electrocardiogram vary
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Fic 122 Ventneular fibrllation Prefibrllary phase Lead

1 Abnormal ventncular complexes with grossly deformed T

ares and premature systoles on their asecnding limb,  Lead 1T

Complete heart block  Lesd ITT Ventncular “Butter * Regular
ventricular rhythm at 250,
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ventricular tachyeardia has the worst prognosis of any of the cardiac
arrhythmias.

THEORIES OF CAUSATION. An eclopic ventricular focus probably
aecounts for paroxysms occurring in stracturally normal hearts
It is possible that the focus may be in the node or the bundle, and
that the form of the ventricular complexes may bo due to aberration
owing to their prematurity This is almost certainly the case in the
bi-directional type

Re-entry is a likely cause in paroxysms following infarction or
when there 1s disease of the conducting tissue, auriculo-ventricular
or bundle branch block. A normal ventricular premature systole
spreads rapidly, and all the ventricular muscle is refractory at the
same time. If conduction is defective, the spread might be uneven,
owing to the increased refractoriness of some areas, and re-entry
might occur, Ventricular tachycardin may thus be due to cireus
movement and be closely linked to ventricular fibnllation.

Ventricular Fibrillation

Ventricular fibrillation can occur spontaneously or durmyg cardiac
surgery, or as the result of certain diagnostic procedures.

Spontaneous ventricular fibrillation 1s one canse of Stokes-
Adams’ attacks  When the ventricles fibrillate the pulse at the
wrist ceases, contractions cannot be heard at the heart and the
patient becomes unconscious (see p 293)

Ventrieular fibrillation is preceded by several definite stages {89)
If the thythm s normal, simple acceleration may occur or several
pace-makers may appear, or ventricular premature systoles may be
geen. If A-V dissociation js present, there may be a smple accelera-
tion of the idio-ventricular rate, and the faster rate may alternate
with the previous slow rate When the idio-ventricular rate reaches
80, ventricular premature systoles occur, which have the same
shape as the basic ventricular complexes Ventricular complexes
with massive inversion of the T wave are seen with tho prematurce
beat on the ascendwng lmb (Fig 122} Interpolated ventncular
premature systoles may cause a sudden acceletation to 120, or else
there may be short runs of ventricular tachycardia Ventnceular
sstoles from & constant focus mvariably precede fibrilla-

prematurc sy
tion, the onset of which scems to bo facibtated by the gradual

acecleration.
During the
mnutes to days,

initia! fibrllary pertod which also may Jast from some
short bursts of ventricular fibrllation are seen in
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days be had an acuto tubmlar nephritis, with hypertension, raiced
‘blood urea, albumen and casts (95).

Treosy oF Cavsamiow.  Ventrieular fibnllation may snpervene
in many experimental procedures upon the heart  Attachs can be
induced by a single strong electric shock during the entical perind n
late systole. Coofing the ventricle in dogs when sinus thythm is
pre-ent causes only ventricular premature systoles, but if performed
during suncular flutter or fibrillation induces ventricular fibrlla-
tion (96) It seems probable that re-entry takes place, leading to
multrple small “cireuses ™ On this is based the treatment of electne
deflbrllation in which senal small shochs are admimstered (sco
P2}

Treatment
TIONS In the auricular arthythmms, and
espeewally tn auneular fibrillation, treatment may ann at controthing
the rate and thereby increasing the strength of the ventmeular
contraction This 19 effected by means of ditahs (see p. 321)
When digoxin was ntroduced through a cardiac catheter in patients
with uncontrofled fbrillation the cardiae output rose and the right
auneufar pressures fell 1n most of thowe who had congestive failure,
and there was an inerease m the excretion of malt  When congestive
failure was not present, there was but ttle change (97). Normal
thythm may return after dizitalis therapy in auneular fibrillation,
“<pectally if congestive farlure has been pre~ent, but this follows the
general improsement 1 the circutation and 1 not due to any speafic
:fe;e. 4pon the suncles In flutter, however, and m aurcular
n:rui "i"‘;’“ n mfants, digitalis may be the best means of Testoring
ﬁ‘mlli:x:m“h;" Quindine may be employed 1n selected cases of
Parbieohae ca m?t(?{“m“m tachycardia vagal stimulation and, m
Sentriclar ; " :"‘““ Pressure may terminate the attack In the
and g friythmias dagatalis 18 useless and may be dangerons,

Ozinlilzl!lme ©Or procaine amide are the only effectine remedies
fate ang M:Zdﬁ ‘:egem‘m‘ cardiae depressant, and causes both pulee
shock, bra ﬂycarr‘d(::‘:m wkﬁ\“ In rare cases who die from quinidine
The 5y stolyy Mom r::ﬂr ed ar'ul the patient may be pulseless {98).
dose (90), Vo h’; dure may fall 60 mm after a single large oral

5hen afer eacl dovo ot uanee Voot prevure thoukd
ine stoppe t
Pm,s,\,l::d?“’ by 20 mm Hg v107) Pped if the diastolie

doy ‘helgp‘émmsw_*_sgudumonm—thv.»vemnclcq With large
ety 950,,. “dens  Caution should be exerased af the widensng
<95 and quimdine should be stopped if 1t reaches 50°7

GexeraL Co:
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also in amplitude, and they may change abruptly to regular and
equal complexes at a rate of 130~170, and then revert to inco-
ordination. With asphyxia the rate may fali to 90, and the oscilla-
tions may be only 2 mm. in amplitude Thongh the blood pressure
falls, there is always some foree of pulsatile activity, and the arterial
eurves bear no relation to the electrocardiograms.

Alter the attack thero is a post-undulatory pause or cardiac
standstill which may last up to 2 minute The auricles coase beating
after 10sec. Short pauscs are followed by an immediate return
to the basic thythm, and this may give place to ventricular tachy-
cardia and then to another attack Prolonged asystole may be
followed by several shorter periods, and then slow aberrant ventricu-
Iar complexes.

- PrecirrraTing Cavses. Ventricular fibnilation is a recogmsed
risk in complete heart block especially if bundle branch block
complexes are afso present, It has been recorded during the course
of infarction. The patient recovered but had complete amnesia of the
attack (90) The rapidly actmg glycaside, acetyl strophanthidme,
caused death from ventricular fibritation in & few munutes when
given intravenously (91, 92). Attacks of ventricular fibrillation
have been preciprtated by mjections of adrenaline given for Stokes-
Adams® disence, assumed to be due to ventricular standstill The
rate instances of sudden death after intravenous mercurials, quinidine
or procaine amide, are probably due to ventrienlar fibnliation as s
that due to diodone given for angiocardiography Hypoxia com-
Lined with loss of potassium seemed to be the cause in a psychotic
emphysematons man with hypokalema from massive daily doses
of Epsom salts, who was given morphia and developed an meffective
cough Recovery took place after an airway had been secured by
tracheotomy (93). Although the arrhythmia 1s usually terminal,
some patients have numerous attacks over a number of years

Ventricular fibrillation during cardiac surgery. Ventrienlar
fibrillation 18 a mejor hazard 1n extensive or prolonged operations
onthebeart The chief causesare gencral anoxia from theanwmsthetre,
temporary acute obstruction to the circulation, sudden hwmorrhage
from the heart, coronary ar embolus via a pulmonary vein or an
strial septal defect, or any operation on the left side of the heart,
unless the aostic valve 15 kept closed (94). The immedsate treatment
15 cardiac massage through an mciston in the 4th and 5th intercostal
to maintain a blood supply to the brain. By ths
e a complete recovery after nearly two hours
Jar Hbrillation, although for the nest few

spaces in order
means one patient ma'ld
of continuaus ventricu
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intervals The apex rate is charted houtly to note if normal thythm
returns, of if undue acceleration occurs. In either case quinidine is
stopped. The pulse is often found to have become regnlar when the
patrent wakesnext morning 1 it has not done so, the same quantity
of quinidime is repeated on the second diy. On the third day
10gr are given as the last dose  On the fourth day three does of
10 gr. are given (109). 1f the fibnllation is still refractory, digitalis
is substituted until the apex rate has been Lrought down to below
80 Tt is then stopped and the course of quinidime 1+ repeated  1f
the Sbrllation still persists, the attempt to restore normal thythm
B given up, but more than two-thirds of all cases will respond at
some time during the course

If the serum levels are bemng measured, larger doses can bo ued
fre doses of 92 g (3 gr.) ean be given at ntervals of two hours
o the first day, and the dose donblod on the second  On the third
day a further 0 2 g is added to each dose. The doxago 13 not in-
:'h‘““d beyond that urless the serum levels are below 8 0 mg. and

€rE 818 10 53ms of toxieity such as hundle branch block, ventrienlar
f}::';““’v systoles, hypotension, vomiting ot diarthea (106) I
0“; ‘-'Arc‘ahu;nt,‘(he dosage can be inereased by further tnerements
‘“d;i ?ns lormt of Lag Fnur-ﬁl:th« of conversions take place at
duly d'}’w: g , the average being 6 mg (770) When the total
during the d‘m‘l“[z g , several electrocardiograms should be taken
shoald be 'a(y. neluding one before the last dose The serum level
hm“'to; ained two hours after this dose
as \‘en\ncvj nci QZ‘“ VIXE ‘h"“‘d_be reserved for emergencies, such
Preparation a “;‘ yeardia, a3 1t is not free from risk. The best

3gn s e qumdine dibydrachlonde which 19 soluble
y afr;’t” made up m a 2ml ampoule Up to 10 gr can be
E)Mmé:;“f ecessary It i safer to gve the inyection
mhnhmi:%:phm control <o that 1t can be stopped as <oon
fe dsetvat "-‘309 Of(l}cr preparations used are  quinicine
0058 in 10ml g “"“PE ine glycol (111)—qumdine lactate
Mm) (113 Qumid?,;): 91‘1 (I12), or quinidine gluconate ) 63 g mn
mtramll‘!cu]ar]y (206} gluconate 08¢ 1n 10 ml can also be given
Qinte;

tsally “;:::b;i:;;r ;:fter the restoration of normal thy thm 1t 19
avoj Telapse Unless 'he TPatient to remam in bed a farther week to
10 thyrotogie eman « oo E of the fibrillation has been elimmated,

fven ¢
Patient ig

a3 the
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Qumidine does not cause the Q-T time to increase; but the S-T
interval is depressed in the left ventricular surface Jeads and ++¢
U wave is more prominent loadiz~ )
P .
1 5 .oc auttewar fibritlation.
z evivins Were receiving digitalis, and most had congestive
failure which is usnally idered a contra-indication {162) In
another, with multiple valve lesions and congestive failure and also
on digitalis, ventricular fibrillation resulted (703). The development
of prematuro.ventricular systoles is a sign to stop the drug

Zoxic and allergic reactians. Twnatus and headache are common
with large doses. Vomiting and diarrhesa sometinnes occur. Fever
with thrombocytopenic purpura and fever accompanted bv a
maculo-papular rash have been ran~-3 3 =72

Serom LeveLs, © .
was made when the 4 sesouv m iNe serom could be esti-
mated by the photo-clectric fluorometer. After a single dose the
peak level 1s obtained in about two hours Following 06g Ly
mouth the average peak level was 3 2 mg. per litre i ane series (105}
and 54 mg. in another (106) After 10 gr. (065 g) the lughest
figure was 5 mg (107). When 0-4 g was given four ttmes daily for
two days there was still 2mg per litre in the serum twenty-four
hours later and 0-39 mg after two days in those with congestive
falure  In normal subjects and in those with hepatic or renal dicease
the figures were approximately half the above at each period (208)
Quumdine has, therefore, a cumulative action, and a patient who
has a repetition of the course upon the second day will both begin
and end with higher Jevels than on the first day Cumulation

continues for three days after which the lewal o= steady unlews
- T rintravenous

the daca 3,

cosnsiiuN  Ural. Qmnidine sulphate 1s made
up m tablets containmg 5 gr. or 02 g (3 gr) The drug 15 usually
given by mouth when 1t is desired to restore normal rhythm mn
cases of auneular fibnilation  The following scheme 13 safe and
effective when serum levels are nat avaiable, though many other

methods have been used, and some prefer to give doitalis as a routine
hafaee ~oes : ) . the ventneunlar

oy prais 410, gIVER, avided into six doses at two-hourly
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find no trssue responsive and that possibly they may depress the
activity of an ectopic focus direetly, 3

* Quumdine i+ four times stronger than procaine amide 24 gr.
of qundine dasly were equally effective in abolishing ventricular
premature systoles as 60 g. of procame amide, There is no
addtional effect when they are used jn combmation (I27). It
appears that procamne amude is not more effective nor safer than
quaidine (725)

Brrndryl §s simvilar 1n composition ta procaine amide but needs
to be given intravenously in doses of 100300 mg, Nearly every
¢ of recent fibnllation was converted by it, but the drug docs not
e 1o offer any advantage over quinidine or procaine amide (729).

Treatment of auricular fibrillation. Qumdine is the drug
of chowce  Although procamne amide will succeed 1n a proportion of
@es {122) it 19 not 50 effective as quinidine,
When electrocardiographic control 15 used, it 1+ found that most
Plientspassthrough a stage of auricular flutter hefore normal rhythm
retums 543 did so in one series, and a further 16°, remained in
futte (730).” Probably more still would be found to do so 1f mare

qt}enl e]ectmcardmgmms were tahen. It 14 mainly to preventa
posible 1:1 respanse during the flutter stage that digitali<ation
Eg;; to quoidine is advoeated. This Tesponse 15, however, very
s ‘m seentin practice, but the flutter stage during the quinidine
went of fbrillation emphasises the close relationship between
the tao archythmizs

mf;‘"’l:fn of cases Quinidine should always be given to patienta

mmn enime normal hearts who develop fibnllation It 13 alvo
, useful m thyrotoxie eases m whom normal thythm has not
Tetumed gpont, after thyrord

A or after a couree of
thiouracs) ” most g1l theso casey sill respond

q\}:sl‘mpﬁ‘ﬂ provided by the abihity to measure the amount of
- ::, m the blood and s to control dosage more exactly has

P?fmiwsxb; mlvre full use of quinidine than was formerly thought

anemv: . 1? oneseries of 115 cases of aunieylar fibnllation all had

ot “a ure and recerved digitalis throughout the conre,

il €1¢ converted (%7)  Quimidine 13 also recommended m

! $tenows 3f the onse

detenomtmn.

I

iy :’ﬂ weeded permanently (10g)

it 15k 4310 out of 20 deaths from qt

of g ) $1eR0SES (131) Other

ation after mitral valvotomy (

g four times daily
This treatment is not froe
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Procaine amide is also a cardiac depressant. Prolongation of
the QRS is common with largo doses. If the prolongation reaches
012 sce. the drug must be stopped (174) Hypotension oceurs in
309 after intravenous dosage (115). When lg. was mjected
during cardiac cathetensation, the cardiac output fell, a« wel as the
pulmonary and radial systolic pressures. The veloaity of the blood
flow was slowed (116). The accidental admimstration by mouth of
50 g., or ten tines the normal dose, caused numbness, blurred vision
and dizziness. The duration of QRS increased to 019 see. All these
cleared up without treatment jn 8 hours (217) Allergic reactions in
the form of giant urticaria have been noted after oral procaine
amide (118).

Intravenous procaine amide has caused ventricular tachycardia
wlien given to abolish auricular fibritlation (779), and ventricular
standstill resulted when it was given to stop ventricular tachycardia
in cases of infarction (120). Nedal rhythm and later auricular
fibrillation followed the oral administratian of the drug in an attempt
to abolsh ventricular premature systoles (121}

Alethods of admumstration  Procame amude s absorbed from the
gastro-intestmal tract. The peak concentration in the blood ocenrs
m from one to two hours after an oral dose The drug 1s excreted
slowly by the kidneys, the Jevels in the plasma falhng by about
152, an hour A plateau level i~ reached after about 48 hours of
repeated doses by mouth (773) The usual method s to give 1 8
four-hourly up to five doses, With higher doses toxic effects such
asnausea, vonuting, sweating and prostration are apt to appear (122}
Anather method is to begm with 05 g two.hourly for five do<es
and inercase by 025 ¢ tol or 1-5¢g (123) Intravenously the drug
1s usually given at the rate of 100 mg. » mmute unth} normal rhythm
returns or toxic symptoms occur An average dose requed s
300mg. (124) When the dose approaches lg sgns of toxi
city such as hypotension or merease m duration of the QRS are
indieations to stop the injectron (125) 50 mg a minute may be
safer as 100mg has produced ventricular tachycardia (179}
Procaine amide s been grven mtramuscaarly mn doses of from
O1to25g There were no local reactions hut the methed does not
appear to have any advantage over the other routes (126)

W ACTION OF QUINIDINE AND ProCAISE AMiDE It was fornmerly
thought that these drugs acted by mereasmg the refractory peniod
and so slowing the circus movement until it broke Now that
rs to be unlikely i any of the arrhythmeas it

single circus appea
- hint they slow conduction untl re-entry waves

must be presumed t
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beenbetter m both of these cases. Flutter peaks were reenafterintra.
enoys procamne amide in tases ns<oeiated with bundle branch block,
Al vat . weaay .o

Voreamoy . -

retored nommal thythm in a young man who had paroxysms of flutter
and fbrallation (135)

131 Flutter. Carotid sinus pressure should be used to change the
fesponse quickly to a slower rate but this effect may only be transient
(ke Fig I11) Since these attacks are related to exertion and may be
c;.m%e‘rlnns, the patient should be put to bed, and given intravenous

itahs,

* Auricular tachycardia, Many patients learn how to stop at.
tacka Most of the methods emploged caus b Tise N Yenous pres.
sure The }'a!sal\'n experiment, 1 which the glottis is shut against
orced explration, 13 the most effective  Other methods melude
Sﬂlﬁ the head between the hnees and presamg the thughs agninst
P:: aldomen 1f these fn}I‘ carotid snus pressure chould be applied
: ssitre on the eyeballs is said to succced occasionally when carotid

“;;Pwﬂre has failed, by reflex vagal stimulation,

" \h: ﬁ:‘atﬂd slnus.‘ The carotid sinus in man 19 an enlargement
commpy ;m:}dcarbtld artery, just above the Wfureation of the
commen & :’0t 'ld It may extend nl.»q to the sdjnacent part of the

et :r:t: 3 g‘he structure 13 derived from arterics of the thirl
Whemm e, Here the wall of the vessel is thinner than else.
&t

)

ger

““C*‘TA\?::’T;?:%;\::, rIt’l::‘:ssuu. Pressure on the carotid sinuy causes

il In blood e ough the vagus In most cases there is alo o

reach mmmpﬂ :re. The fal] 1y greater m hypertension and may

) P"\’ﬁiu;‘e agm rmmore Both the cardiac slowing and the falt in

€50k io the sfiaps ore casily elictted n nlL}cr patients who may
shtest touch  Often one side is more sensitive than

- vessel may Le very susceptible

Bl 10 blog ¥Rcope may occur without cardiac slowing or o

dlmost grege O Hyperpnoea follows prolonged pressure m

vy

bis 1 mo{)}:ﬁ'ev regardless of whether they show the usual changen
Yood supply lﬁr;: t}t:%cm{ed reaction due to interference with the
e tirpg, gh the carotid body which is compressed at the

()tmmmﬂy
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arterial embolisn. In one series of 115 cases of whom 76% were con-
verted, 25 had had previous emboli Two only had emboli after
quinidine therapy (132) The average level in the plasma at the
time of conversion was 10 6 mg. A course of anti-coagulant therapy
should bo given for a fortnight prior to quinidine in these cases
(100).

Contra-indications. Patients in complete heart block should not
receive quintdine (106) nor those with active infections, or gross
cardinc.enlargement, Patients with rheumatic heart disease other
than mitra] stenosis do not usually respond (110). Eldexly patients
who have no symptoms from the fibrillation do not need quinidme.

TREATMENT OF Paroxysmar Frsruratiox. Intravenous quini-
dme dihydrochlonde (3 gr.), or intravenous procaine amide
(0-2-0'5 g.) may stop the paroxysm at once. Otherwise the patient
should be given a sedative such as omnopon, § gr, and 10 gr of
quinidme sulphate. Quinidine (5 gr.) should be repeated every two
hours till the attack is over.

To prevent paroxysms, qunidine sulphate is often effective in
doses of 15-20 gr. daily Moderate doses of digitals are sometimes
effective as a prophylactic. Some aim at inducing permanent
fibrillation by full doses of digitalis

TREATMENT OF AURICULAR FLUTTER Digitalis This 1s the most
satisfactory method Full doses should be used  As the ventricular
rate slows under the drug the rhythm will become irregular, although
occasionally 1t may pass straight to a 1:4 rhythm. When it has
come down to below 8D a eareful watch 1s kept  In abont 30% of
cases tho rhythm will become completely mrregular, since the flutter
will have turned into fibrillation  If digitalis 1s now stopped, normal
rhythm may return spontaneously If it does not, qumndine may
be tried Out of 30 cases of persistent flutter half were converted
and 8 changed to fibrillation (133)

Quinidine 15 sometimes effective 1 removing flutter, but 1
seldom used As in fibrilation, quintdine slows the auncular rate,
and when 1t has fallen to 200 a mmute, or less, the ventricles may
answer every stimulns. This 1:1 response 1s a reaction to be avoided
Qummdine should be reserved for those cases who have not responded
to a thorough course of digitalis, and digitalis must be contmued
while qumidine 18 heing given Even so two patients developed a
1:1 response (134) Procame amide 1s useless in ﬂum-:\r (222) A
case of flutter occurring dunng mnfarction was given intravenous
The systolic pressure fell to 60 mm, (135) Another

ame amide. r /
S:f:i:ed quinidineand had a 1:1 response (236} Digitaliswould have
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Drgtahs hen intravenouly <ometimes stops attacks, but <hould
oaly be ned of & ventrienlar ofizin of the tachycandia can be ex.
dded Rome prefer it to other remedies (33)  ln paroxy~ms oveur-
oy in infaney disitalic by mouth in domes up to S mg duly will
fopattacks {69) Since 2:1 AV block is eaaly induced, these rases
u;:pmhnbly ahin to suncutar flutter in which digitahis isthe drugz of
thore
Mellozimune i a potent prewor agent. With inue thythm 1t
awes 3 bradycardis which 13 aholhed Ly ateopine {139} In
swrieular tachyeandia the drug <timulates the vagus through the
cartid smus on account of the sudden nse in blood pressure (£40)
Kt an ke gven either ntramuscubirly or intravenousdy m doses
o 10-2mg, (141, and s vecful in eaues where the paroxysn has
cedellapre wath alow Blond pressure Inone
cwed vaso-motor
MNmg

case quinidine had
eollapse with a sytolie pressure of S0 mg
methosamme intravenously rared the presare to #0 mge
Sistolie and stopped the attack, 1n another, where the pressure was
2oreal, 3 temporary hypertendion of 290-100 ws ¢ ) (134

ansther, short runs of ventneular tachy cardia ocentred before
“omal thythm returned (140) )

* Magnesinm sulphate 1n doses of 20ml of 207, eolution mtra.

:;cnl:';:"d’::“u‘;‘zllwd Parocysmy of both auricular and ventricular
F s et -)t The effect was smmediate  Pattents compliined
At d(';‘:’ olrnlgxlv—eo 3“““'4 sweating, nausea and dizziness,
mid\s {113 SE intravenousiy has stopped a few
lxrsd“f;;'g:;!: g}zhm':d";" th -V blok Thew patients hase u<ually
W mercur] o citalis and have lost Potassium i the dinrews due
0 dosey of l‘_)_%'?sgnm for congestive failure  Potacsum chloride
The effc gy 557, th $topped attack in 6 enes (/1)
Tate o ghoyy )5; dhm"‘“‘?* with an increase i the ventniculur
e £l gradyany :‘ N: rormal thythm returned, and the rmte
Who were tahng.?l 9 ahout ]m‘ In two patients with uramia,
by dialyyg gng h ’?’2‘"”- Potassium was extracted from the Llond
levents ooy Y developed nuncular tachyeardm, the sequence
i!(\-L - 3inthe Teverse anlar 4. 61 A up 'rlll"r(l\‘"" nt
e +F doses abave 3 gr
fotus, o
fthe fo
$tich ag

vemiar Auw

ITOrS 1 dey, may ’
U, O rectificatign
Totde or whenat.
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Congestive failure increases the sensitivity of the carotid sinus
reflex: so does digitalis in fnl) doses

Electrocardiograms taken during carotid sinus compression
show inhibition of the sinu-auricular pace-maker. The ventricles
may beat to a slow nodal thythm, the P wayes bemgabsent (Fig. 111).
Or there may be standstill of the whole heart.

Technique of compression. The patient may be sitting or lying
If Iying, the head should be slightly extended and the face turned a
little to the opposite side. The ampullary difatation of the carotid
should be located just below the point at which the vessel disappears
under the angle of the jaw. The smus should then be pressed firmly,
or massaged up and down by the palmar surface of the thumb if
the patient 1s lying; if he is sitting, the operator stands behind him
and uses his fingers. One side should be pressed at a time, the right
side first. The pressure is mamtamed for about half a minute, unless
the heart rate reacts Both sides may be tried at once, if cither
fails alone.

Carotid sinus pressure may terminate an attack of auricular
tachycardia. In auricular flutter, the ventricular rate 1s sloned dur-
ing the time that the pressure 1s maintained, on release of pressute
the original rate returns (Fig 111) This serves to distinguish doubt-
ful cases. Carotid sinus_pressure has.na effect upon ventrcular
tachycardia. The pressure may cause abrupt slowing in normal
smus tachyeardia, although usually it has no effect.

T'agal stimnlation can also be brought about by jpecac. One or
two drachms of the syrup can be given and repeated in forty-five
minutes if the patient has not vonnted or the attack has not stopped
Treatment 15 quite safe though somewhat unpleasant Mecholyl
(acetyl B methyl choline chloride) n doses of 5-10mg given
subcutaneously stimulates the vagus directly It 1s sometimes
efficacious m auricular tachycardia, but undesirable reactions are
apt to acour. These take the form of marked bradycardta with con-
comutant shock The pulse may fail to 20 and consciousness may be
lost. It should not be given mto a vem

PROCAINE AMIDE given intravenously 15 probably the best remedy
for auricular tachycardia  Most cases can be stopped by dloses up to
500 mg. delivered at a rate of 100 mg. a minute (174, 124). Oral
administration has also been found to be useful (122), but the
varying duration of attacks makes it hard to gauge the effect

QuiNIDINE DIfYDROCHLORIDE, 3 gr mjected mtravenously, is
also very cffective and prompt. The attack may end before the

needle is withdrawn.
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Digttahis given intravenously sometimes stops attacks, but should
only be used if a ventricular ongin of the tachy cardia can be ex-
cluded  Some prefer 1t to other remedies (33). In paroxy~ms beent-
rng in wfancy digitalis by mouth in doses up to 08 mg. daily wil
stop attacks {69) Smce 2-1 AV block is easily induced, these eases
are probably akin to auricular futter i which digitalis is the drug of
chorce, .

Methoxamae 15 o potent pressor sgent \With stnus rhythm it
causes a bradycardia which 15 abolished by atropine (139) In
auncular tachyeardia the drug stimulates the vagus through the
carotid sinus on account of the sudden nise 1n blood pressure (110)
1t can be given either intramusentarly or intravenoudy W doses
of 10-20 mg {141), and 13 useful m caces where the paroxysm has
caused collapse with a low Llood pressure  In one case guinidine had
wiused vaso-motor collapse with a systolie pressure of 30 mg
20mg methoxamine mtravenously rassed the pressure to M) mg
systohic and stopped the attack, In another, where the pressure was
normal, o temporary hypertension of 220-100 was caused {139)
1n apother, short runs of ventreular tachyeardia oeertrred hefore
normat thythm returned (149)

Magnessum sulphate in doses of 20ml of 20%, sofution ntra.
venously has stopped paroxysms of both auncular and ventncular
tachytardia {142) The effect was immediate  Patients complained
of 5 sensation of mtense heat, swesting, nauea and dizziness.
Afebrin 1 doses of U1-05g intravenousfy has stopped a few
attachs (143

durieular tackycardia with A-V block  These patients have nnally
had full doses of digitalis and have lost Jotassium in the direxs due
o mercurial drugs gisen for cungestive fatlure  Potawsium chlnride
1 doses of 15-73¢ by mouth stopped attacks in 6 cases [$255)
The effect began 1 15 minutes with an inctease m the sentricular

rate to about 160 when normal thythm returned, and the rate

then fell gradually to about 100 In two patients with wremia

who were taking digitalia, -«

by dialyws and they devels

ot events being m the rever« .

1 onky vsefol 3f diptalis 3 waon 18 pros r

vt moedod. there 1o 1k of wta%mml ;::1 ;1:,“ gu dosed above 8§ gr
ProPusLACTIC TREATSENT A9 with premature ystoles, a sopt

focus, o errors 1n diet may e the tanse of the attacks l‘lh'mun{mc

of the foru, ov vectification of the duet may bring relef A wedat m

such os bromude or phenobarbitons 13 worth mfng lpartlculur?y‘::
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emotional patients, A course of quinidine, from {5 to 20 gr. daily,
may be effective. Later, the dose can be reduced, and finally the
drug can sometimes be discontinued

Some cases are quite resistant, and nothing seems of any use
erther in preventing attacks or in relieving them.

VENTRICULAR PREMATURE Systores. Unless due to digitalis
intoxication, these can be abolished almost mfallibly by intravenous
procaine amide (Z43), but they soon return, Oral administration is
effoctive in about 509 (146).

Ventricular premature systoles which are due to digitalis can
usually be abolished for 4-22 hours by potassium chloride given in
209, solution in syrup of orange. The dose is 2~10g. but the
higher doses are apt to eause vomiting (¥47)

Ventricular tachycardia. The most effective remedy for this
dangerous arrhythnua is intravenons qumidine We have used
quinidine dikydrochloride with success 1n several cases and without
mishap. The injection should be given preferably under electro-
cardiographte control, and continued until normal rhythm roturns.
9 gr. (06 g.) has been the largest dose required This has been the
experience of others (748) On the other hand some cases are resistant
and one, having had a succession of attacks stopped by quinidine
hydrochloride, required finally 3-2g. which rendered the patient
unconscious and lead to urinary suppression for two days (78)
Intravenous procaine amide in doses of 0 25-06 g is also successfol
i many cases (I46) One patient had fourteen attacks terminated
by injections of 65g Normal rhythm was then mantained by
60 g daly by mouth (149) Large doses may be required. 1,500 mg.
(15 g ) were given at a rate of 400 mg a minute in one case. This
caused the blood pressure to fall to 65 mm. and the patient became
disorientated (150). Alternate injections of 50 mg of quinidine
gluconate and of 50 mg of procmne amude at onc-minute intervals
were tried in another ease 15 g of each were needed before normal
rhythm returned after one hour (151). Procamme amide 1s recom-
mended for the pscudoventricular tachyeardas with very ﬁ‘lsf
ventricular rates which may occur m the Wolff-Parkinson-White
syndrome (77} Atropine (1-2 mg. mtravenously) changed multi-
focal ventricular tachyeardia occurring during cathetensation to
flutter after quimdine dibydrochionde and procame amide had
failed (85). Isopropylnorepinephrine, 8 mg subcutnncously, stnppgd
one attack in five minutes after procaine amide had failed (15-.)i

Repetitive ventricular tachycardia was controlled casily with oral

quinidime {76).
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Br.UIREGTIONAL VENTRICULAR TACHYCARDIA. Digitalis must be
opped at once as overdosage with the drug is nearly alnays a cause
£ this arthythmia, Carotid sinus pressure will block alternate com-
lexes but the effect is only tranaitory (74). Potassium chloride is
he most effective treatment and may be given ci!{xcr by ¢‘lrip

- e % Ry b waanith in

himtabs resumed without cansing tachycardia

Ventricular fibrillation. SposTaxeors. Both quinidine and
procaine amide are contra-indicated smce complete auriculo-
sentnenlar dissocjation )s present. Quinidine caused attacks in
- . - 1 F e cccicad afban tha fhnlla,

2

mental conf phedrine was d 1n doses of half a grain
every three hours and no more attachs occurred (753)

Drrrye Carpiac Surcery Cardiac massage must be started at
once If more than four minutes 1 allowed to elapse, death will take
Place from cerebral anoxia (75)  Unless the heart 15 already exposed,

anncision should be made through the fourth or fifth left intercostal
space (156) ™ oo - e
One patient

The Jungs a1 ' N
fbnllation consist of the mjection of 5ml of 1%, procaine hydro-
chloride, followed by 5 m! of 1-10,000 adrenaline Electric col;nu-r,
shock defibnllation may be attempted by admimstering a succes<ion
of short shocks of 0 15—4 ampéres This succeeded 1n 6 out of 14
episodes (94) If fibmllation oceurs duning anwsthesia, surface
electrodes can be placed a few mches apart near the cardiac apex
(1537) This procedure was successful also 1n one case of spcnmncx(::s
ventrieular fibrillation The coronary flow can be improved by
tilting the table head downwards, and by aortsc transfusion \I)
though these measures succeed 1n a proportion of cases ventries ‘l :
fibrllation remasns & seriows hazard m cardrac surger§ v

1 Saplur, O, Wile,§ A 1942 Amer J .
2 Bam, ¢ W € 1951 Dre Huares 13 g5 0 200 8!
P NN 8
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CHAPTER 10
HEART FAILURE AND ITS TREATMENT

Introduction

Waex faillure of the heart causes the eirenlation of the blood to
e wsufficient for the needs of the Lody, certain physiological de-
rangements becorae apparent. As same of these are ascociated with
an abnormal accumulation of blood m certain stretches of the ar
culation, the expression *congestive heart faifure” has become w wdely
popular But it o}y draws attention to one group of phenomena, It
stresses the state of the blood behind the defaufting chambers, and
50 the terms “back pressure”” and “backward faifure” were intro-
duced These date back to James Hope, 1n the 1830 epoch, but they
came 1nto his mind in connection with the special circumstances of
mitral stenceis where there 13 on obstruttion to the flow of blood
The notions of “forward farlure” came tn much later. and concern
the output of the heart and the rate of the aireulation  That these
tno groups of phenomena are closely interdependent is really
obvious, when ane tecolleets the words of Harvey, “that the blood
movesasit werem a airele”, o ewcle which 1 one wndivizible physsos
logseal whole It was the work of Starling which enunciated the
Law of the Heart, that laid the firm experimental basis on which
wodern 1deas have been founded, and the foundations have not
been shaken

There are four primary topies for consideration These nro the
effect of heart failure on

1 The output of the heart

2 The venous pressure

3 The volume of the blood

4 The rate of the axrevlation

Secondary topics ave ¢he atfa-c-
function, un the
towering of the ¥
Cyanosis 15 due t 41€ hver sta
portant conmderations 813 Introdures um-
The climcal phenomena of the two t.
of he: .
nght-nded, need special attention, ¥Pes of heart farlure, left. and

ey
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Treatment is sometimes considered directly with the object of its
therapy when it has secmed convenient; sometimes o more general
approach is easier, or the discussion of some special measure is more
clear.

PRIMARY EFFEGTS OF HEART FAILURE

Cardiac Output. Thus is a measure of the work the heart does
In the study of heart failure the estimation of output is of funda-
mental importance. The Fiek principle (1870). If the amount of
oxygen is known which is needed to turn a litre of venous into
arterial blood (the arteriovenous oxygen difference), then the
amount of oxygen consumed m the lungs per minute divided by this
figure will give the output per minute of the right ventricle That
of the left ventricle can be assumed to be the same. The minute
output divided by the number of beats per nunute gives the stroke
volume

The consumption of oxygen can well be measured by analysing
samples of exprred air, collected m a Douglas bag. The cardiac
catheter has made the older methods of gas inhalation, ethyl wodide
and so on, out of date The arteriovenous oxygen difference is easily
obtained by comparing blood got hy arterral puncture with samples
of mixed blood from the right ventricle or pulmonary artery. It
must be remembered that duplicate samples of blood from the right
auricle may differ a good deal, as the different streams of blood may
not mix completely Errors may also arrse m the measurement of

‘ e ired arr,
» give some indication of the outpnt.
. ‘ontraction 15 measured on a graph
The results for the output agree farrly well with those got by other
methods Dye dilution curves may also give the output.

Carpiac Ovreer 1N Hesrtir The average normal cardiac out-
put at rest is about four hitres per mmute standmg, and five htres
recumbent. Anxjety may raise the output to ten or more litres per
minute, Calm and relaxation are therefore important During
exercise the output may increase to twenty-five or more litres per
wminute (I). L

The output varies of course with the size of the individual The
cardine index allows for this, for 1t grves the output in litres per
minute for each square metre of the body surface. The normal figure
for this indox 15 3+1 litres. .

When there ¥ heart disease the output at rest 15 maintamned at



Prouny E¥FECTS 5%

Jevels until failure comes on  When there is gross venous
1on the output 18 about three litres & minute [&4] .
»1ac OcTPET 1% HEesht DisEast axp Faruere. The impor-
st i that the output of the heart cannot be l’l‘\l:('(l to mect
qrements of the body on exertion when there is disease of
wwt. When the mefiiciency of the heart still further increases,
tput may fail to supply the needs of the body at rest (2}
spat Is madequate for the requirements of the Lody even i
speesal tarcumstances when the actual lovel of the output 1s
ey Migh
207 v Axmvia, Exerysesa axp Tuyrotoxicosts. In
@ the tardiac output i neually agh Thas nse s due to an
se in the strohe volume rather than to an increase in tate
The Tagh eutput seems to be wdependent of any clevation
jugular venous pressure A raised output is needed in order to
5 the needs of the body for oxygen  In severe anmmia the Jow
1 content of the blood may to some degree be balanced by o
wuch rased output  a the anamia progressed the cardane
rose, and mught be 6 5 or double the normal when the heme.
1was below half 44 When the hamoglolin falls helow 209,
utput at rest may reach fourteen litres a mnute (5) In
13 the pulse precsure 13 ngh and thete 1 overall vasodilatahion
count for this Despite the rarsed output 1t 13 notew orthy that
+ @ renal vasotonstriction, 50 the Tenal flon 19 low, and renal
1 rewults (3) (ee p 374
_emplysema the saturation of the artenal blood with oxygen
teni a5 fon a3 70 per cent This may call for an meresse i
ut In some cases of heart {aure from dhrome pubmonary
e the output was kept at mormal level when av rest  Bad
xercise 1t could not he raved (7Y, In fact 1 some tha cavtae

o we swwse Jeyuee the outhut. In these
sents afso the renal flow 13 poor, and the filtration fraction elevated
) The degree of cyanous and o of polycythemia scem to he
atlel to the degree of failure

These rather conflicting factors may acrount for the vay o,
els of cardiac output 1 chronie pulmonary diease It ma“ \,%
h, fow, buv 13 usually normal 1t 14 0dd that the pressure : v
e m the pimonary artery durmg farture, nome 50, (to .51“ oy
mw By On recovery Bl Tt 1y possible that ancces ol .
st causing pulmonary artenolar constretion; the me!‘;:n); \:\
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pressure is more likely to be due to this than to increase in viscosity
of the blood. These variable causes may thus v}try the output (8).

Tkyrotoxicasis.” Here the increase in the general metabolism de-
mands more oxygen, The output of the heart is therefore increased,
and with it the rate of the heart, and also the rate of the circulating
blood (p 224).

Arteriovenous shunts. Hero a relatively high output is needed to
make good the loss of the shunted blood, so that the needs of the
body, if possible, are supplied. In the case of the patent ductus
arteriosus, and ventricular septal defects, and arteriovenous
anenrysms these defects are obvious enongh; as in other condi-
tions, the left ventricular output tends to fall or be too Jow., Of
particular interest is the increased vascularity of the bones in osteitis
deformans (Paget’s disease) (2) The shunt may vary in these cascs,
At rest the increase in flow through the bones may hardly matter,
but on exercise an abnormal degree of increase in the cardiac output
may be noticed. The vascularity of the affected bones vares a great
deal, and with it the shunt. Probably about a third of the skeleton
must be affected to raise the output In two cases the normal riso on
exereise in output of 0-6~0 8 Iitres per minnte per 100 ml. of oxygen
consumed, reached as much as 12 and 22 litres per minute (1Z). In
beri-beri the heart failure tends to be of the high output type (12).
This is very rare.

Summary. There can be no doubt that the output of blood
from the heart 1s a basic function which the nceds of the body as a
whole require to be maintamed as long s posaible  When it falls,
all tends ta fail. When cardiac failure comes on tho output may fall,
at rest, to 80% of the patient’s normal. 1t may drop to 60% and
may bo lower 1 cases where the signs of congestive failure are
advanced And 1t 1s because the cardiac output 1s so low that the
signs of heart failure are so grave In health the output inereases
with anxiety, hence the need for relaxation to get accurate readings.
Fxercise causes it to rise, but the weak heart cannot raise it enough
for the occasion In thyrotoxicosts and severe anemia the body
needs for oxygen require a high output to be muntained; so .thnt
an output above the normal average may actually be wmsufficient,
and the signs of congestive failure may be scen at the same time,

. Gl afee A 1 V04t D HegeJ 6,33
. EI 2 N

[

. )'S.r.a;nnen,'A' etal. 1045. J clin. Invest 24, 332
5. Sharpey-Schafer, A, E. 1045. Clin. Science, 5, 125,
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Blood volume. Onginally the volume of the blood was evtimated
by tnjecting 6 ml. of Evans Blue dye into a vein Hamples of
venous blood were taken from twenty to sixty minutes later, and
the mean dilution of the dye estimated by & phota-electric colon-
meter after removal of the plasma protens  The volume of the Wood
could then be calewlated The normal figure varies with the wze
of the individual, the results m heart fatlure can be expressed as n
percentage deviation from the predicted normal This method was
probably accurate to within 10%,

Labelled red cells have alao been wsed  Here 6wl of Blood are
taken from the patient and mized with radiosctive phovphoras
Three ml. are mjected into the vemn of one arm and specimens
withdrawn from & cannula mserted mto the brachial artery of tha
other arm  The radicactinity of the specimens when equibbraum
bad been obtamed, when compared with that of the origlnat portion
nat mjected, enables dilution to be calculated, and so the tota)
amount of ereulating red cells can be estimated  When the volume
of the packed red cells 1s known, the volume of the plasma can be
obtamed by the hamatocrit, the sum of the twe is the volume of
the blood

In the same way rted cells “tagged” with radioactise chromum
(Cr*) can also be used N

Radioactive 10dme (1) can be used to label human snwmm
alt - ’ ’
th

Tlogew  auws ugyy sisnvu gVeS rather higher fimures  Tr anc-- o
Lo suiis PALIERtS w ¢ h

altered their normal weyght (7) Thems goe st 8 e ";;"‘z
¢ B A e

R ure the
on the
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pressure is more likely to be due to this than to increase in viscosity
of the blood. These variable causes may thus vary the output ().

Thyrotovicosis.” Here the increase in the general metabolism de-
mands more oxygen. The output of the heart is therefore increased,
and with it the rate of the heart, and also the rate of the cireulating
blood {p 224).

Arteriovenous shunts. Here a relatively high ontput is needed to
make good the loss of the shunted blood, so that the needs of the
body, if possible, are supplicd. In the case of the patent ductus
arteriosus, and ventricular septal defects, and arteriovenous
aneurysms these defects are obvious enough; as in other condi-
tions, the left ventricular output tends to fall or be too low. OF
particular interest is the mcreased vascularity of the bones in osteitis
deformans (Paget’s disease) (2). The shunt may vary in these cases.
At rest the increase in flow through the bones may hardly matter,
but on exercise an abnormal degree of increase 1n the cardiac output
may be noticed  The vascularity of the affected bones varies a great
deal, and with it the shunt. Probably about a third of the skeleton
must be affected to raise the output In two cases the normal risc on
exercise in output of 0 6-0-8 litres per minute per 100 ml. of oxygen
consumed, reached as much as 12 and 22 Iitres per minute (7). In
beri-beri the heart failure tends to be of the high outpat type {12).
This is very rare

Summary. There ean be no doubt that the output of blood
from the heart 1s a basie function which the needs of the body asa
whole require to be maintamed as long as possible When it falls,
all tends to ful. When cardiac failure comes on the output may fall,
at rest, to 80% of the patient’s normal. It may drop to 60% and
may bo lower in cases where the signs of congestive failure are
advanced. And 1t 15 because the cardiac output is so low that the
signs of heart failure are so grave, In health the output incrgm&s
with anxiety, hence the need for relaxation to get accurate readings.
Fxercise causes it to rise, but the weak heart cannot rmse 1t enough
for the oceasion. In thyrotoxicosis and severe anemia the body
needs for oxygen require a high output to be maintained; so .ﬂl“
an output above the normal average may actually be smsufficient,
and the signs of congestive failure may be scen at the same time

L. MeiMichael, J., Sharpey-Schafer, & E. 193¢ Brat HeartJ. G, 33.
2. MeMichael, T. 1947, Adtances in Internal Mediene, 2, 64.

3. Whitaker, W. 1956 Quart. J Med. 25, 175

1. Brannen, A. et al. 1935, J. chn Invest 24, 332

5. Sharpey-Schafer, A F 1945 Clin. Science, b, 125.
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Venous pressure. Starling’s law * Starling showed that the
force of the cardiac contraction depended on the length of the muscle
fibres 1n diastole, this 1s determned by the pressure at which the
heart 13 filled. When the chamber begins to fal this responso to
the increased tension of its fibres no longer oceurs  The output of the
chamber will begn to fall

RierT VEXTRICCLAR PRESstRE. The cardiac catheter hay pro-
vided the mformation  Normallyit varics insystolefrom 18 to 30mm.
Hg The diastolic pressure varies from — 2 to 4 2 mm. Hg at the
start, to 0 to 4 +5mm Hg at the end of diastole. When the right
ventricle fails the diastolic pressure mereases up to twice the normal.
The systolic pressure raay rise if failure of the left side has raised the
pressure m the pulmonaty cireuit

Rigut AURICULAR PRESSURE The normal pressures vary from

—2to + 2mm Hg When the nght ventricle fails the pm:aum n
the puncle must nise, and may reach oser 20 mm, Hyg,

VeNovus Waves During the cardiac eycle there arc five aurcular
waves The first 13 positive.(a) This 13 due to aurseular systole
The sccond 13 positnve (¢} dne to elosmg of the tueuspid valve on
systole of the ventricles The third 15 negative (x), and marks the
'f;‘:‘l n pres:u:; due to the descent of the heart on v el’)!ricu]ar systole

en comes the positive wave (v) due to rapd flling of
and ‘«‘;‘“Yv the filth ““t"he {y) whuch 15 neggtnre. ::rx\;(;l (;‘llt: eu:\ (E;;n‘\‘;
auncular pressure on the flow e
P \?a\ve v of blood into venteiele when the

THE VENOUS PRESSURE Marocfid cecs o
r

o

s 41 SYauADIE 20T the Mmeawirawant -fay

==t vLUUS Pressure varies from 50 t

mmq\:gfim\i“;r;e% ms'sluazmn agamst a elosed glottis 10:3»2 ‘2;2

pressure (N oreed expiration sumilarl:

The contractions of the maacles on exerci;rgrzz:?x;:u(\g“oﬁ!i':t)
o
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whole the volume of the packed red cells is raised more than that of

theplasma (3). But the plasmavolume is raised, too (£). Onrecovery

there is a return towards the normal; the plasma level falls first, and

the red cells more slowly (4). It is in farlure of the right ventricle that

the volume increases, not so much with insufficiency of the left

ventricle, or with mitral stenosis (5). When the heart is greatly

enlarged the residual blood in it may account for some of the rise in

volume (6). Using Pj, labelled cells, 1t appeared that two htres at *
least might well be aseribed to this residual blood There is a rela.

tionship with the amount of cedema (2)

It 1s not understood exactly how the increase i the volume of the
blood comes about, nor the reason for it It seems likely to be first
of all associated with retention of fluid. This will be followed by the
formation of more protemns in the plasma, and then by an increased
formation of red cells Possibly anoxzmia may stimulate the bone
marrow * When normal persons consumed o large quantity of sale
their blood volumes rose and their weights increased. The same
resnlts, even to the reproduction of a state of congestive heart failure,
has been brought about by giving much salt to patients who had
recovered from congestive farture. Once cedema is present to any
degree, possibly the i 1 of the extra-cellular flud
as well perhaps as the increased protemn m the plasma, allows a
larger volume of blood to remain in the arculation. There 1s no
very close correlation between the level of the venous pressure and
the volume of the blood One may rse without the other. In<evere
anemta, for instance, the blood volume may be low, but the pressure
w the right auricle raised.

Summary.! The volume of the blood 13 mcreased n congestive
heart failure, anything up to 50%, of the normal This aceounts for
some of the increase in weight of the patient (4, 7) At the same tine
the rise m the interstitial lud volume 1s also more, anythng up to
100% of normal, This fluid is transferred from the plaw}m The
accumulation of fluid 1n the body 1s shown by a posifite water
palance. ! This results from a dinunished rate of filtration through
the glomerult and an increased reabeor‘ptwn‘of it ater by the tubules

L1 0t avnaccite

H
the reramed
Posuibly the
e tendency

bo aided by the dilution of the plasma protems by
water and o lowermng of these osmotic pressures.
formation of new protein never quite keeps pace with th
to & riso in blood volume (£).
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vemns are very distended, reaching the angle of the jaw. If the Vf‘in
1s closed by the finger at the top of the neck the level of pulsnt{on
can often be seen below the obstruction  Gross venous distension
may affect the Jingual vemns, and higher still the retinal veins. Jugu.
lar pulsation can easily be distinguizhed from carotid pulwt\_an, the
sharp artenal thrust 13 wanting. The external jugular is often
seen easily, but the internal 13 more reliable The nse of pressure
on exercise is exnggerated if failure is commg on (3). Intravenous
infusions, elevation of the legs, compression of the abdomen all
cause the venous pressure to rice to a degree not seen in health (6).
The possible causes of the raised pressure have attracted attention.
Retention of sodnim 18 not parallel to the rise in venous pressure (7).
Minor ises tn venous pressure do not affect the kidneys (8). The
sodium retention comes before the rise in the venous pressure (9)
1t is possible that there may be a state of diminiched venous dis-
tensilility, in fact a peripheral venoconstriction. There appears to
be less blood than normal in a limb for a given venous pressure (10).
There 15 no constant assoctation between the volume of the blood
and the pressure in the veins, the venous tone may be the important
pont (1I) There 13 also the possibility of some redistribution of
the blood to the venous side of the circulation, without any increase
1 1ts volume (I2) Most conspicuous venous pulsation 13 seen in
sysftellle with t;:c\;fpid incompetence The cardiae forward output
18 falling, and the grossly rawsed venous press: 3
the reduced fomard%lrow (3;3) presoure may be due to
Venesection. Studies with the cardiac catheter have given vary.
ing results Sometimes withdrawal of blood caused the nght
u?:iulff E‘r?.q.‘.xf :tj Ex\ln(ll), without change in the cardiac output,

nllux, vensechion allows g lower filling pressure and so less dusten.
sion of the night ventncle, which may lessen the regurgitation (14)

Left-sided failure. By means of
porable to study the b of the carduac catheter 1t has been

odynamies of v i
left ventnicle The caplllaryyr‘\‘we‘(;':eo" e fungs bebind the
those of the left aunicle The results a i

5 re quite in keeping with those
f‘fff‘f“fflf?{ tl}?_nght. side. The excessive filling of the pulmonare

% 2 Cardlol 12
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P
the heart and raises the pressure. The Bainbridge reflex quickens
the heart rate, the output inereases and the venous pressuro falls
agnin
~“VENOUs PRESSURE.IN CARDIAC FAILURE. When there is right
ventricular failure the venous pressure may nise to 280 or 380 mm.
H,0 if the failure is severe. The gradient of pressure from the vem
n the arm to the auricle diminishes, and the flow in systole is re-
versed. Auricular pulsations may be seen far along the veins. In
less severe failure the pressure in the veins may range from 150 to 250
mm. H,0. Wlhen sitting the pressure readings are 80 mm. Jess than
when supine.” Pressurc on the liver often leads to a rise in jugular
pressure early in failure (hepato-jugular reflux), This is a useful
early sign of congestion of the liver. /The liver is always enlarged
when there is & venous pressure of 220 mm. H,0. If it 15 at a level
of 250 mm H,0 there 15 usually aseites. The venous pressure may
fall,before the anasarca and hepatic enlargement have gone
'AMPONADE. Due to pericardial effusion or pericardial constric-

tion, this causes a rise in the venous pressure The nght venircular
pressure may be high at the end of diastole Variations in the venous
pressure in this condition do not affect the output, the constricted
sac or the effusion prevent it

ATRIAL Purses. In congestive heart frlure the form of the right
atrial pressure curve s changed The “x™ descent isless when thereisa
moderate rise in venous pressure, with greater rises m pressure &
positive systobe wave may be found (Z) This suggests actual
tricuspid regurgitatton (2) If there 1s gross tricuspid incompetence
the forward flow occurs masnly in diastole, the fow forwards from
the superior vena cava, which occurs as the base of the heart descends
on ventricular systole, is mterfered with
~ Hemodynamics. If there 13 heart fatture and tmeuspid reflux, the
flow backwards may equal or exceed the cardiac output forwards (3).
The result is that despite a low output from the right ventricle
forwards, the actual total output 1s large because of the large
volume of blood pumped backwards Exercise will actually inerease
the reflux at the expense of the forward output This reflox may
increase the work if the forward output of the right ventricle 15 low
and fixed {4). 3
_/Clinical observations. The method mtroduced by Lewss is
adequate for ordinary purposes The patient shcu]d rcclmo' at nnv
angle of 45° when recumbent, the normal pulsations studied le?l
Muockenzie are seen The maxmum pulsation can be"s't}}dtll
when the jugular vein 15 collapang; it cannot be seen easily if the
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the liser loses its tenderness and becomes very hard. The develop.
ment of cardiae cirthoss of the biver is now under way, The hver
funetion tests show 4 rice mn the bilicubin in the blood, the alkaline
phosphatase 13 increased  later the flocculation tests give abnormal
readings. 1f the patient hives long enough, there may be true portal
obstraction and ascites as the result, It 13 possible that the defects
1n the liver may hefp to lower the proteins in the plasma. No doubt
the cardac cachexia that marks the end of chronic heart failure is to
some degree hepatic in onigin.

N T m e
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diseased; after a moderate rise the output falls. As a result of
increased pressure, primary or secondary, in the pulmonary vessels,
the pressure in the right ventricle rises. The diastolic pressure
remains normal, ,When the ventrcle ceases to empty properly
because of enfeebled contraction, 1ts diastolic pressure will begin to
rise. This increase raises the auricular fillng pressure (systolic pres-
sure). Residual blood remains in the auricle as its diastolie pressure
in turn increases, and so the filling pressure in the great veins goes up.
Finally the gradient of pressure between them and the peripheral
veins gets smaller Up to a pomt the rise 1w filing pressure may
stimulate the stretched muscle fibres to still further effort to raise
the output; but failure to do so is the inevitable result. Stretching
of the walls of the right ventricle may still further aggravate the
vicious eircle by introducing the factor of the trrcuspid reflux to
erease the venous engorgement and reduce the output forwards

How far increase in the volume of the blood, or hypothetical trans-
ference to the venous side plays a part 1n the early stages is dubious

But in the later and grosser phases of circulatory breakdown they
may make things worse

REesTRICTION OF VENOUS RETURN. As o temporary measnare in an
acute emergency of failure, letting the legs hang down reduces the
return flow of blood. Mechanical obstruction by a bandage at the
top of the thighs may help for o short tme It has been suggested
that the load on the right side of the heart may be ifted if the nfertor
vena cava be higated below the renal veins. Some half of the cases
were better for two years (16). In another series the shadow of the
heart got less, but a quarter were dead in the first year. The opera-
tion is difficult, and there is danger of bleeding Patients should not
be too young Cases of valvular disease did best (17)

Tug Laver. Engorgement of the hiver may come on fast and
cause pain and tendetness in the right hypochondrivm It 15 &
convenient reservoir for blood that cannot be cleared by the nght
side of the heart. The later stages, the nutmeg liver of chrome
venous engorgement, with atrophy and accumulatton of red cells at
the centre of the lobule, and fatty degeneration at the pertphery, is
familiar to all. When there has been severe engorgement for a long
time, as in tricuspid regurgitation, jaundice may be olm_ou~.
The bilitubm 10 the blood usually gives a mixed reaction, direct
and indtrect. "The degree of jaundice 1s usually pnm\le} to the degree
of heart fatlure  If the congestion clears up the Jaundice disappears
If it remains there is reason to suppose that ther{: 15 }.)erl'n!mmt
damage (IS). After months of engorgement, as n tricuspid disease,
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ventrievlar failure the slow passage through the pulmonary circula-
strikony .
m;\!!:;;::y‘:erj’i‘he ra(eg of the flow of the blood slows in h("m’t
failore This slowing mostly starts in the pulmonary cirentation,
and isenhanced when the aystemic venous pressure risés Stagnation
m the greatly enfarged heart causes further slo\ung: or may even
interfere with the esult  From a practieal point of view these teats
may be of some help in assessing the gravity of‘mrdmc symptoms,
such as dyspucea, which may be due to o.thpr things. ‘The:\' may be
hefpful m gauging the efficiency of the of the
after an infarct of the myocardium.

SECONDARY EFFECTS AND SIGNS OF CARDIAG
FAILURE

The nigns of heart falure can be dinided into thowe mainly due to
disturh \ Yation

w the p H . orthopnees,
cardiac asthma, pulmonary cdema, hemoptysis and hydrothorax,
and these due to’derangements m the systemic crculation: peri-
pheral @dema, veflbus and fiepatic engorgement, and eyanosd,
The first group 1 more directly related to primary left ventueular
faslure, except pethaps hydrothorax, and also to the effects of mitral
dicease—the second group follows failure of the right ventricle,
which may be exther primary or secondary to left-sided weahness

Dyspna the
eatliest sy wev sauwlt  1he lendency to dyspnces
Incteases as the reserve power of the heart dimunishes, for the heart
becomes dess and less able to meet the demands made upon it
Funally, as fulure gets worse, the patient 1 short of breath exen
at rest, and heromes actboae v

- W ~
tm\k‘mmm l}mﬂm’uos Increase mn breathing on exertion 1s a
r::eum‘ mecha‘msm in healthy persons, wherehy the body obtains
extra oxygen that inereased muscular activity demands. and
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T Histamine canscs a flush, not always easily seen, a salt taste and
sometimes o sharp headache. Bronchospasm may come on. The
test is both objective and subjective. An ampoule of 0 75 ml. con-
taining 0-125 of histamine 1s suitable. Normal time 20-25 sec.

Sodium cyanide. Stimulates the vagal endings m the carotid sinus.
The dose is 0-3-0-5 m. of 2% solution. A sudden sharp inspiration
is provoked: both subjective and objective Normal time 1s from
9 tn.21 see.

w—Bodium tanrocholate (Decholin) causes a bitter taste: subjective
only 5 ml of 20% solution used—t israther a large injection to put
x:n/quickly. Normal time 10-16 sec. Vomuting may be caused
w—Ether. This has been used to measure the arm to lung time The
swmell or taste of ether in the breath marks the end pomt., Normal
time about 6 sec., local pain and thrombosis are not uncommon after
the mjection

Amyl nitrite This is suddenly inhaled, and the flush noted

Normal time 14-25sec There may be a headache It 1s not an
accurate test

These tests all have some disadvantages, and the normal range 13
very wide: depending on the rate of the heart, nervousness and so
on ‘Those that are only subjective are very unreliable

Dye dilution curves, Probably the most satisfactory method 1s to
measure the time of passage of an mjected dye by an oximeter
applied to the lobe of the ear. This ueeds special apparatus, of
course, but is entirely objective. Tagged red cells can also be used

Abnormal circulatory rates. There are certain conditions where
the rate is mncreased  These are thyrotoxicosis, severe anemia, and to
some degree in emphysema. It will be noted that these are the
states in which there 1s o tendency for the cardiac output to be
increased and high output failure is found There 1s o tendency for
the speed to rise in pregnancy. In myxcedema and polycythemia
vera the rate tends to be slow

Hearr DISEASE WITHOUT Symeroms. The rate 1> normal, 1t
may be a hittle slow if the heart 1s large  but 1f there is great enlarge-
ment there will probably be symptoms Mmor variations in rate
cannot be significant.

Heany Fatwne The fall in rate is very considerable The flow
may be slowed to thrice the normal time Much of thfz flo\\mg
takes place in the lungs, and there 13 fome refation to the diminished
vital capacity. The presence of venous engorgement slows the flow
into the heart. When the heart is greatly enlarged the m;cclc;l
substance may be lost or diluted in the residual blood In pure left
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entricular failure the slow passage through the pulmonary civcula-
g strikiny .

m;\xfn:er;ﬁ?f:e mteg of the flow of the blood slows in hz::\rt
adure This slowing mostly starts in the puimonary :\‘mﬁat\.nn,
nd is enhianced when the gystemic venous pressure rises Stagnation
n the greatly enfarged heart causes further slowing, or may even
nterfere with the result  From a practical pomt of view these tests
may be of some help m assesung the gravity of cardiae aymptoms,
such a5 dyspneea, which may be due to other things Thc.y m‘ny.lw:
helpful in gauging the of the of the

after an infaret of the myocardium

SECONDARY EFFECTS AND SIGNS OF CARDIAG
FAILURE

The signs of heart faifure can be divided 1nto thowe mamly due to
disturhances in the pulmonary arculation* dy<pnea, nrithopama,
cordiac asthma, pul y @dema, hremop and hydrothorax,
and those due to'derangements m the systemic cireulation. peri.
pheral edema, veffous and hépatic engorgement, and cyannsis
The first group is more directly related to pnmary left ventricvlar
failure, except perhaps hydrotharax, and also to the effects of mitra)
disease—the second group follows failure of the nght ventncle,
which may be erther primary or secondary to left-aided weakness

Disturbances in the Pulmonary Circulation
Dyspacea,  Undue shortness of breath on exertion 12 aften the
eathest symptom of cardiac fanure The tendeney to dyspnoea
netentes s Vhe reserve power of the heart dimunishes, for the heart

becomes Jess and less able to meet the demands made upen it
Finally, as fasture gets worse, the patient 1s ghort of breath even
at et and beeawos cwot - <

= - '

txcx{lmsz ¥ REsPiramiox  Tnerease 1n breathung on exertion 1s o

:\; urdd mechamsm w bealthy persons, whereby the bady obtamns
e exira oxypen that increased muscular activity demands. and
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climinates the extra carbon dioxide that results therefrom Muscular
activity alone can accelerate the rate of breathing by a nervous
reflex. An inerease in the pressure in the great veins or in the right
auricle will stimulate the respiratory centre; perfusion of the lungs
and distension of the pulmonary capillaries will stimulate respiration,
fThe efferent path in all these reflexes is the vagus nerve, for they are
abolished when it is cut  These reflexes are linked with the rise in
venous pressure which museular contraction causes, by driving more
blood back to the heart In health the circulation is adjusted to the
needs of the body by raising the output of the heart, which may
reach twenty or more litres a minute The diseased heart is unable
to accomplish this increase in the output; the mse in the venous
pressure is greater and more prolonged than in normal persons. This
rise in the systemic venous pressure mmst reflect the rise in the
pressure of the pulmonary veins and pulmonary circulation generally.
There 13 increased “stiffess” in pulmonary tissues due to the raised
pulmanary venons pressure. The chemical causes of an increase in
breathing do not come mte action until late in heart failure
Diminsshed vital capacity. The vital capacity is the figure of the
largest volume of air that can be expelled from the lungs after the
deepest possible breath In order to get a significant resuit the
volume should De standardised against the amount which is normal
for a person of sinular body-area. The vital capacity varies a good
deal with physical fitness, and improves with practice The normal
average i males 134,000 ¢ ml. It is decreased in abesity, pulmonary
disease, thyrotoxicoss and neuro-circulatory asthenia In heart
failure the level may fall to a litre. In congestive heart farlure the
patient is unable to take a deep breath, but at the same time hcAie
urged to increase his breathing The sensation of dyspneea varies
directly as the degree of ventilation reqnired, anq_inrexsel_v as the
vital capacity, or the ability to ventilate.
N Pulmonary congestion. The pressure nses in the pulmonary
artery and right ventricle mn left ventricular fadure It may be twice
{he normal, but not so high as in mitral stenosis where there 1s
obstruction. The circulation rate m the lungs is much slowed, the
times reaching two or three times the normal Some of the slowmng
is due to the residual blood in the heart, but much occurs m the
pulmonary circulation and indicates stagnation in the vessels The
engergement of the pulmonary vens can be seen in the enlargement
of the shadows of the lang roots in skiagrams of patients with left
ventricular fallure (Fig. 124) Engorgement of the P“’m""“l:-"
cicenlation stimulates respiration.  congested ve ssels unparr the
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elasticity of the hings, €0 that there is o lack of (luwru;tnl:‘!c;,t m‘;}‘.
the end of expuation the pressure in :he I\"l:l‘lxr::o:;: x:m);mr jeled

tive, 23 & result of this inspira’ }on n T "
l:: ‘::csielm; 1t. The end of the story is to be secn in \\3(». \;:‘v;;\
induration” found at autopsy. The Tangs are stiff, hard an n:.\\;‘; Y
and sections show tinged eapillanes thackened alvealar wa

b
i

Fio 124 Cangestion of pulmonary veuns in heart farlure

Summary. Cardiat dyspneea 19 due to the combination of two
factors a call for mereased ventilation and the mahlity to breathe
deeply m response The first 15 due to reflexes anung as a result of
the merease m venous and pulmonary pressure on exertion, the
second to the merease of bloed 1n the fungs, and later to the histolo.
gieal changes m structure this percistent engorgement causes  As
heart failure the venous and ¥ 7 hecome
‘permanently rared, and the patient becomes orthopneeie
Orthopneea.  The patient 13 short of breath even at rest, and
cannat le flat mbed  The number of pilows required 13 o practical
guide o the seventy of the affiction  Finally, the patient may
have to lean forward supporting his head on a bed-rest, or spend.
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his night in n chair, There is left ventricular filling failure, for the
pressure it it at the end of diastole rises, and the pulmonary venous
pressure follows smt even above the osmotic pressure Sitting up
affords some ease by lowering the venous pressure on the average
some B cm. of water—this lessens the stimulation of the respiratory
centre Thero is also a fall in the output of the heart by a hitre or so
aminute, so the work of the heart is lowered The vital capacity is
increased, for in the upright position the accessory museles of
respiration can best be used. The spine can be straightened to increase
the capacity of the chest. The upward pressure on the diaphragm
by the enlarged liver and possibly aseites, 1s reduced, and inspiration
made easier.

ACUTE PAROXYSMAL CARDIAc Dysexaza  If the cardiac efficiency
has deteriorated rapidly, in these more severe grades of disability,
there may be acute paraxysms of dyspneea. These attacks may be
brought on by over-excrtion; or emotional stress, or by sudden
weakness of the myocardium caused by an infarct. They are a
feature of hypertensive heart faiture and aortic valvular discase.
They are sometimes seen in mitral stenosis, particularly in preg-
naney. The underlying cause is the development of severe engorge-
ment of the pulmonary circulation. This engorgement arises most
commonly in the recumbent posture AM these types have much
reduced vital capacity There 1s a lowered velocity of the airflow,
due to an obstructive difficulty especiaily in hypertension, inemphy-
sema the conditions are rather sumlar. The cases of mutral disease
are not prone to this bronchospasm (1)

Noctoryat Dysexca  Patients with much pulmonary cons
gestion due to failure of the left ventricle under the burden of hyper-
tension, or aortic valvular disease, or with severe ischremie lesions,
or wit T T - foronte
naldy

After
feeling of imminent suffocation which makes lim spring up panting

for breath. He may sit up in bed or get out and go to a window for
mate air. If he is seen during the height of an attack he “m.nppe:\r
pale, anxious, restless, sweating profusely with cold perspiration,
breathing rather fast, but with shallow laboured breaths Inspira-
tion is grunting and short, expiration 15 usnaily prolonged Some-
times there is o definite wheeze Cyanosis wilt be present if the
attack is severe The pulse is rapid, 'the Hlood pressure, systolie
and diastolic is usually raised, sometimes to a surprisng degree
Although the pulse pressure may be fow The pulmonary second
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sound is loud At the bases of the lungs there may bo a few moist
riles, the upper lobe may be hyperresonant. Breath sounds are
noisy and sometimes profonged and wheezing. The attack may be
overina few minutes or last up toan hour At the end of the attack
a httle mucus, sometimes bloodstained, may Te ecoughed up.
(Edema tends to be more scvere towards the end of a prolonged
attack  Réles are more profuse, there is a short dry persistent
cough, dyspneea becomes still more intense,

Fie

123 Arute pulmonary cedema

[P

~ o
n

berome coarser and more oS LG Crepitations in the lungs
re profuse. The blood mress
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Causation 1,
T cases Where there has been too rapid transfusion of
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¢ condition 15 one of grea
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fluid into the circulation acute pulmonary cedema has occurred
All the typical features appeared. The vital capacity fell, the lung
fields became less translucent and the shadow of the vessels far
denser. There was inerease in the size of the heart and the patients
felt constriction in tho chest (2], As in other forms of eedema in the
body, the question of the balance of osmotic and hydrostatic
Ppressures in the pulmonary capillary bed is the important one (3).
Caces with mitral stenosis have been studied by the eardiac catheter.
The pressure with the catheter wedged at the periphery (whieh is
actually the capiliary pressure) is normally 5-10 mm. Hg, but this
may rise to over 50 mm. Hg, and as a result pulmonary cdema
comes on. This 1s far above the osmotic pressure of the plasma
proteins, which of course retains the flud In the spongy lung
tissue the stage is set for a profuse transudation into the alveoli
+The curions thing 1s that 1f does not happen more often in mitral
stenosis, and is so frequent in faihure of the left ventncle  The reason
appears to be the thickening of the capliary walls, which may be
twice the normal, reaching 15 g. The chronic high pressure in mitral
stenosis causes this protective thickeming; which is not there to
prevent the transudation resulting from a sudden acute rise in
pressure such as bappens in hypertension It is possible that
anoxenun may inerease permeability. and finally there is some
obscure neurogenie cause which appears to have an influence, as
those cases of acute cedema followmng bram injury would indicate.
CavsaTioN OF ActTE Paroxysmar Canrotsc Dysexea It is
fawly easy to understand how an acute sudden fuluro of a weak left
ventricle may set up a desperate state of dyspnea If the patient
unwisely does too much But the classical attacks come on at
might during sleep  The dominant cause seems to be postural, the
patient slips dawn in bed during sleep Lymg down, the venous
filling pressure is higher and the heart’s output greater Breathing
15 less easy  Difficulties then arsse during sleep which reach a degree
of scute embarrassment, and the patient awakes with a start and
the attack begns The exeiting causes, which have been called
“triggers” may be coughing, dreams, visceral distension, or too
much activity on the day before may have weakened the heart
Breathing becomes wheezing, and expiration is as difficult as m-
spiration. This obstructive difficulty lowers the velocity of the amr-
flow. The loss of pulmonary elasticity, if there 13 emphy“’}“;;
aggravates theso troubles (I). Records ;)f l;ren(hmg u;‘ patae:l;’; t“txltnc
cardiac dyspneea at rest, and with bronchral asthma, <howe
expiratory phase was much Jonger than m normal subjects. These
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were able to shorten expiration, and so inerease the rate o'f breathing;
but i the carding and asthmatic patients the in<piratory n'nd
expiratory ratio remamed the same. An in\ravcnon:x ineetion
of ammophyhn (024 gramme) quickly shortened evpiration (.
During an sttack the vemous pressuro becomes very high; the
pulmonary congestion increnses, and sets up & n(\_e_:g_b_ggpchmp:\ﬁm
thraugh the vagos (5)

Summary. Acute eardioe dyspaca, sometimes called “cardiac
psthma” 15 due to failure of the left ventnele causing intense en-
gorpement of the lung Obstruction at the mitral valve may also
cause thiy filing of the pul ry cireul When the
pressute 1 the capillaries becames very high acute pulmonary
edema comes on  [n some cases a reflex spasm of the bronehioles
plays an important patt

Treatment. Farly i an attack the progress may be stopped by
Pressing on the carotid sinus, thus setting up a depressor reflex
Morphine, preferably mven ntravenowsly {33 grain, 1510 mg) ;s
quwek and effective in action 1t may be combined with aminophylin
(04 gramme) partscularly 1f there 15 bronchospasm It is useful
to add digoxin (025050 mg) This will stimulate systole, and
along with ammophyhn may reduce venous pressure to some degree
It 13 of conrse essential if there 1s auricular fibnillation  If the venous
pressure 13 very high, and response to the drugs eiven by ininatian

L1 e avwn uulig sicep 18 Dot easy  Very httle
should be eaten in the evening, and the bladds
T Tt 1ot e g, @ bladder should be emptied

) Adrenatin should not be given for the ‘bronchospasm of acute left
ventricular falure  Most of these patients are hypertensive, and
the yressure during an attack 1 vsually bigher than ever.
Cosby, R § etal 1957 Cuculation, 15, 492
Sharpes Schafer, 4 E, Raflaca, I 1942 ¥
3 . . 942,

Hoywurd, G W 1055 Bru mea o 1, 13on 1t 2 308
Heyer, J 106 Amer, Heartd 29,457
Howarth, § et ol 1947
6 Lussda, A A, Cord,

e 0 e e

2, 457
Clin Science, 8, 125
L 1956 Crreulation, 19, 113
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Derangements in the Systemic Circulation

Cyanosis is due to the actua) amount of reduced hamoglobin
in the blood In the veins therc are usnally 6 volumes per 100 mi.
If there is 6-7% in the capillaties the patient Jooks blue at that spot.

JIf there is anemin as grave as 30% of hamoglobin, cyanous i3
impossible, If the } globin is 120% of normal, the blueness is
all the more intense

Peripheral cyanosts is seen n the lips, ears, fingers and toes and
cheeks. - It is usnally due to cold slowing down the circulation by
constricting the arterioles, while the capillaries are dilated, The
slow passage of blood leads to an abnormal loss of oxygen In alf
these areas the subpapillary venons plexuses arc highly developed
In the face venules are aften conspicuous. A rawed venous pressure
may lead to stagnation and cyanosts at the periphery, as well as a
low output from the left ventricle

Central cyanosis. Here the cyanosis is seen in the warm parts,
notably in the tongue and inside the mouth, and in the retine

Central cyanosis may be cardiae or pulmonary. A shunt in the
heart allowing a flow from right to left js the usual cardiac canse
These are the congemtal defects such as the Tetralogy of Fatlot,
reversal of left to right shunts, transposition of the great veseels and
50 on.

Pulmonary causes operate when the state of the lungs interferes
with the oxygenatwon of the Ylood, as m emphysema, when the
arterial saturation with oxygen falls to 70°; and lower (Edema
will tend to hiude cyanosis  Very swollen legs are white, but the
face and hands may be blue
. Mitral stenosis has both peripheral and central cyanosts which
may cause such a charactenistic facics, Cyanosis scems to develop
from peripheral stagnation due to low output, to which may be
fater added a central cause, venous back pressure, and also centrally
dimmmished permeabulity of the pulmonary capllaries, and perhaps
tocal dilatation of venules and capillaries The degree of eyanosis i
wsually paraliel to the degree of polycythenua and mcrease m
hemeglobim—clubbing of the fingers is in keepmng it 15 most
conspieuous in the young v ith congemtal carthae cyanotie defects,
1t is less obvious wn the elderly with nutral stenosi~ or emphy~cma,

Oxyoex. Jn most cases of heart farlure there is‘ no faff m the
saturation of the arterial blood with oxygen Cyanosis occurs, apart

jac or pulmonary shunts as a result of pulmonary

from intracard
disease.
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Admunistration of oxygen. An oxypen tent N the &mt E(Te:i(‘:‘\‘:‘;
the patient then breathes 40-30%, pure e o el
ohjest to the heat and stufficess A BLB mask or bag. e
and can be used intermittently A flow of six htres a xm;u c“
sarce the alveolar oxygen to 80%, from the normal of 14°;,  Ter-
sistent coughung makes 1t difficult to use ‘hefe de\'lu‘.i. A

The nasal catheter, with a flow of three litres a minute ean raise
the alveolar Oy to 2755 This method 15 well tolerated as n rule, and
quite effictent; for usual needs . .

It 13 an 1mportant pomnt to remember that the respiratory centre
seems to beeome used to & hugh level of TO, m the Wlood; o those
who have suffered fram cyanos:s for a long time, such as thowe with
advanced emphysema, may lack o stimulus to breathe 1f the alveolar
0,13 raised too high For such as these a tent may \).c dangerous, as
apneea may supervene  For these the nasal catheter is adeguate and
safe Patients who are blue from a nght to left shunt, ns 1 con-
genital lesions of the heart or lungs, demve but little benefit from
oxygen In peripheral cyanows there is no improvement

Cardiac wdema. Heart failure sconer or later causes aedema
1ts first appearance in the dependent parts is of course due o
gravity  Various causes, some still not yet clear, appear to be at
wark

Hyppostamic Carses At the artenal end of 1he capillary loop
the pressure of the blood 14 32 mm Hg, at the venous end it 14
12mm Hg, when the subject 13 in the supine position. In the erect
postion the pressure 1n the capillanes of the feet s atil} higher
The osmatie pressure of the protems in the plasma, which 13 usnally
about 2 mm Hg, balances the hydrostatic pressure which tends to
dnive fld out, and 6o it 1 retaimed  But 1t 1s well known that
swelling of the ankles 1s not of eardiac origim 1 most of the patients
who tomplain of 1t, due Yo varicose veins, or poor muscles

Rawed venous pressure Normally, n the aem vewns the Pressure i
about 7 mm Hg lower than m the venous ends of the capilfary
loops dema 18 wsually yresent when the pressure at the +enous
ok et 1% s 2 g, The g s
Tenous pressure w the tu'm;n ; 13 mt:‘ l}{‘g. f‘he ‘\T teal point for
failure, 1f the pulmona Jmm Heg In all stages of heart

Ty vems are wmeladed, the venous Pressure 1%

Tared, and ¢ 1 e At

Taed ,.L!‘ hfs Wil help to cause ederna Tame av as10m
'an be

rinhe
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be expected to raise the pressure in the venous and capillary systems.
It is doubtiul whether this in jtself is really jmportant in many
cases. The possibility of some reduction in the osmotic pressure of
the plasma proteins has been noted. How far this feature of increased
blood velume contributes to a rise in venous pressure is uncertain,
There might have to be some increase in the tone of the veins, and
there is some evidenee that this may oceur.

DuuxvrioN oF THr Prasva PgorEins. In patients with Jong
standing congestive heart failure the plasma proteins may be Jow
This may be the result of deficient intake in the diet, or perhaps to
Jiver deficiency due to prolonged congestion. Albuminuria causes
loss of protein. This form of hypopr is not very "
but sometimes the albumen in the plasma may be 259/ of its normal
level, and so the osmotic pressure of the colloids will be low enough
to allow fluid to escape into the extra-cellular spaces

Renal causes. 1t isin the kidneys that the early and important
causes of cedema must be sought Here occurs the retention of
water that leads to the increase in the weight of the body The
work of Warren and Stead first in 1944 and later of Merrill showed
the importance of dimimshed flow of blood through the kidneys,
and of the retention of sodium. Much work has been done in recent
years to mvestigate further these disturbances m the metabolism of
water and electrolytes.

Rexsn Frow. In patients with discaso of the heart causing heart
fatlure there is a definite fall in the effective flow of plasma through
the kidneys, This is before failure has come on VWhen thero 13
congestive fulure the flow may only be 25-30%; of normal The
rate of glomerular filtration is less affected and may be reduced only
to 65 or 75%, of normal Tlus suggests that the glcme‘mlar pressure
15 raised by spasm of the efferent arteriole (Z}) Studies of pressure
in the nght auricle have shown that any nise here 15 not always a
cause (2). This dimmished renal flow 15 a canse of ohgura  But this
varies. There may be nocturia (), so that the mght vo)ume 13
raised and the day volume lowered At night the filtration rate
may rise 309%, and the output of salt merease (2) T{|1§ alteration
may at first make good the day’s deﬁclcnc):, but later it is not seen,
as then wedema appears (2). As congestive falure develops the

al flow falls stall more. Its low level appears to be parallel to the
et { the disease, and is proportional to the fall m stroke
tiied D?' In the ;lght ventricular faure following chrome
volume (7). 3 h al plasma flow falls and so does the glomer-
pulmonary disease, therenal pl ibly the lowered arterial exygen
wlar filtration rate. Here possibly o
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saturation may play anesrly part; in these eauses, too, severe tizein
veuous pressure may be important (3)- h} ol'h::r types the rise n
venous pressute may come late ot be Jess high (7) . .

RETENTION OF WATER. The retention of water may he n primary
aboormality and lead to dilution of electrolytes, with slight hypo-
nattenua and hypoehloremin the retention of water bemg due to
the antidiuzetic hormone of the posterior part of the pituitary gland
(8) Butarisein osmotic pressure will lead to increase in the <ceretion
of antudinretic hormone 1 order to retamn water and dilute the
electrolytes (5). It seems likely that this disturbance of the water
volizme i3 hormonal 1 nature, and not necessarily from retention of
sodwm (£).

Rerextiox of Sopwy The flow fram the glomeruly fally, and sa
less sodium is presented to the tubules. They may reabsorb it
completely (70) but there 13 1n fact selective retention, It has been
suggested that the salt. ing corticoid plays a part
Ths acts 1o response 1o a decresse n extra-cellular osmolanty
followmg retention of water, sodium chloride being retained to
avod dilation {11y Yt has been shown that there ia suth » substante.

By

cowen aacd 13 () UG cunstnction of the
efferent renal artenole, (2) the part played by the antidiuretic
hormone, (3) the role of some salt-retamung substance, the first
Qimimushing the flow of urine, the second eausing retention of w ater,
and the third retention of salt, which of these Jast two acts first 15

not certain, but together they can provide a viclous eircle leading to
grose cedema
1 Al

16131 g evident that 1o
addition to the increase of the extracellufar fluids and their elec-

:ﬁ‘ym important changes take place within the relle of ¢ t 410

Ave aue PuLASIIm and end s oo o

cells o alt (11, 14, 16y Thas A
(Ii) Potasssum, sodmm anc
(1) In fact 1t seerns that e yqu 1

wne L werght on treatms
great ;o be dne to loss of exra-cellular ﬂ\ugd alone P
';Zr“gl:: !.(::\.\:;S\de theice\\s t18) 1In heart farhurn
w
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The presence of cedemn interferes with the nutrition of all the
tissues affected. The flow of blood is greater 1 an cedematous limb,
The oxygen content in the blood of the femoral vein may be higher
than usual, for the cwdema acts as a barrser to the diffusion of oxygen,
and so the tension of the oxygen in the tissues is diminished. It is
clear that gross cedemn 15 bad for the mndividual, and all efforts must
be made to get rid of it.

Effusions. Hydrothorax is common in heart failure, but smali
quantities can only be detected by radiology. YWhen the rhythwm is
normal the incidence of hydrothorax on the two smdes is about
normal. When there is fibrillation it is four tinies commoner on the
right side. The association of this arrhythmia and the right-sided
enlargement of mitral stenosis provides the link, through pressure
on the root of the right lung Interlobar effustons on the right side
are not uncommon. Usually the effustons are small and rarely need
ta be aspirated, particularly now that the mercurial diuretics are so
efficient. But when one side of the chest 15 half full of flurd, aspiratton
will be needed Removal of the fluid lowers venous pressure and
increases vital capacity. But this may not be apparent at once, as
after nspiration the diaphragm mises if the collapsed lung does not
expand at once.

Promotion of Diuresis and Relief of (Edema

Drureric Drues. The presence of axdema and ohiguria is a call
fordiuretics (17). The rate of urinary flow depends on:

1. The filtered load of water and solution.

2, The reabsorption of water in the distal tubule under control
of the antidmretic hormone.

3. The rcabsorption of sodium and 1ts ions, influenced by
aldosterone ({7},

It is essential to relieve the body of water and solutes  One may
induce osmotie drresis by - (1) mncreasmg the amount of sodmm
filtered through the glomerul, (2) decreasing the sodum reabsorbed
by the tubules (I7)

Mercuriat, Drvremics  These drugs have now long proved
therr value, and are the most valuable aids 1 the treatment of heart
farlure since Withering wmtroduced digitahs in 1785 . They act by
inhibiting the reabsorption of chloride, and so of sodinm, from the
tubules. This is done b)j: lghlllutmg sneemie anhydrogenase activity
i { the loop of Heule
m;?:ri:;;l ?ncludes :fl salieylate group, and contains about 40% ;)f
mercury calculated on the dried weight. It is avalable in 10%
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solution in 2 cml, ampoules. Neptal includes o phenol nng and
contains 9202 of active substance weight/volume In both theso
18 2 small amount of theophytin, too little ?o»be of use,

These drugs are given by intramuscular injection. The usual rite
in the gluteal area should be avouded if there 1s much local dema,
ot the 1jection may not be absorbed, and very trouble<ome local
sloughing may occur ) )

Thamern tan be given by subcutancous injection, and i rafe
and effective (19) Oral tablets are useful, and are not toxic (20).
The wnirarenons admimstration of thewe drugs can be dangerous,
cansing collapse, coma and sudden death.

Renal considerations 'The presence of albunen in o concentrated
urine of high colovr and specific gravity 13 no contra-indieation,
But 1f nephoscleronss 15 suspected in elderly patients, there may be
increase of albuminuna, or hematuna may be caused  This vetoes
further administration.

Tt bas been noted that the nephrotic syndrame may follow pro.
longed admimstration of mercunal duretics The result may be
fatal There 13 necrosis and fatty degeneration of the com oluted
tubules The renal tissues may contain much mercury, Perastent
and mereasing proteinuna 13 the warming sign, after suceessful
dmresis n these cases the usual fall m plasma proteins and rse
m serum cholesterol 15 noted, the blond urea being normal or
moderately rased (34, 53}

If the urea i the blood 15 above 60 mg per 100 m! the mercurial
diureties are best not used,

Diker reactions  Stomatitis and hzemorrhagie colitis are rare
nowadays Rashes are not often scen  Neptal given by mouth may
canse darchea

Admimstration, and achon  The njection 13 hest gwwen in the
morwng  The dwrews may hegin quite soon, i half an hour A
satisfactory result may be 5 or 6 pints Hundreds of injections
hase been given over many years without harm, and have been
ndeed the m?)ars‘s of keeping the patient alive The injections may be
- The drug should be

' ation rate 13 very low

nvan au

mn

ey sre free from dropap, o o othed when
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Errrers ox vuE Evrorronytes  These are not very common in
this country, perhaps because the restriction of the intake of sodium
may not be very strict. The disturbance in the electrolytes can be
very unpleasant in their clinical consequences, The chicf trouble
concerns the loss of sodium (hyponatremia) and the loss of chloride
(hypochloremia). This loss of chloride exceeds that of the sodium
(23). The loss of the acid ion leads to alkalosis (22). There may also
bo geficiency of potassium and calcium. The continued use of
powerful mercurial diuretics, combmed with a really low mntake
of sodium, may cause the “low-sedium syndrome.” This may be
Pprecipitated by withdrawal of large effusions, introducing the state
of “depletion hyponatremia® (24).

The chinical picture is marked by an ntractable state of wdema,
which fauls to respond to the mercurial dwretics. The symptoms
are drowsiness, profound lethargy, fatigue and remarkable asthenia
There are also anorexia, nansea and vomting—which may aggravate
the loss of chlorido; there may be tiresome eramps (25). The output
of urine falls, the weight increases, owing to retention of fmd, thrs
may be due to excesave intake of water. The urea in the blood
rises, and mvestigations of the other electrolytes shows hyponatrz.
mia and hypochloremia (25, 26, 27, 28). The removal of the chiondes
prectudes further removal of sodium by the mercury, the excessive
loss of chloride causes alkalosis (30). Tw o aspects may be considered :
(1) absolute depletion of sodium, and (2} absolute excess of water.
There may, 1a fact, be water intoxication, with pulmonary wdera,
restlessness and convulsions (25)

The excessive hydration affects the body cells, and potassium is
lost from them (27}, and this loss may be considerable (37) Actually
diuresis Jeads to increase of potassium in the cells, and decrease of
their water content

1.

- LRI S SRy

given intravenously (¥9) Corticosterowds anu Adun Havy bl
suggested, it is supposed that the former suppress the antidivretic
hormone (34). They also favour retention of sait which may help to
make good the low level in the blood of sodiu}u and chloqnc
For hypokalemia potassium citrate should be given. Potaseinm
chioride would be needed i alkaloss. o

Qrner Divrerics  Apart from the mercurial diureties there are
soveral new drugs that have a somewhat similar, though less potent

action.
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Acelazolamde (Diamor) This diuretic inhibits the enzyme,
carbonic ahydrace The sction of this enzyme is to cause the
absorption of the sodium in the glomerular filtrate in exchange for
the hydrogen 1ons Iiberated m the tubule cclls. The failure to take
up sodium Jeads to the escape of sodium bicarbonate and so water
goes withat, The usual dose is 0 25-1 0 gramme in 24 hours  After
3 or 4 days the excretion of sodium bicarbonate falls. “There 13 &
tendency to acidosis a3 a result of the loss of alkali and this may be
actually useful in correeting hypochloremic alhalosis due to mer-
cunals, as the drug tends to cause hyperchloremic acidosis
Ammonrum chloride can be given, too. The mercurials are three
times as strong 8 lamide (38) A lamide ix best given
for 3or 4 days at a time, and then left off for 2 or 3 day«. Drowsinews
and headache may occur. Loss of potassium has heen reported (37)
There may be tesponse to & mercunal that has failed if it i given
after a few days of dramox (26).

Aminomelradine {Mictine) This 1s about half the strength of
mersalyl  About half the patients have nausea, Vomiting and

diarthea 7™ ---*

was rare i
1A a .

auunometradine. 24 grammes given over 48 hours were about
equivalent in action to 2 ml. of mersalyl The usual dose is 400 mg
{one pale green tablet) thrice daily for 2 days Tinnitus and deafness
have been noted as a result of taking 1t The preetse action on the

s not kr.wwn _The wnerease 1n the excretion of sodium and

*xere-
weak

= - oy wii LUis may lead 1o hypokalemia (512, 5.
?\E‘? ]‘0,5‘1 may }’e made good by 3 or 4 erammes ,.yr]?.-: .f mia (‘)-I : “‘?)

e <= sasast, UL L may well be combing vif
™, or used as a substitate in chronic cases where mercuq’l‘gn:xl:u':,
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be used, or if tho dropsy is not really severe (41, {2, 52). Un-
Ppleasant effects are not encountered. It tends to lower the Llood
Ppressure

Xanthine derivatives. Theophylline (dimethylxanthine) is an
isomer of theobromine. Theophyltine-ethylene-diamine is the most
potent. It js also called aminophyltin. As a diuretic these drugs
increase the flow of blood through the kidneys. They can be given
by mouth for diuretic purposes, but they are much less potent than
the mercurial diuretics, or the other new drugs acting on the sodim
and chloride metabolism Nowadays their part as diuretics 15 small
But the value of theophylline-ethylene-diamine by intravenous
injection for acute failure of the left ventricle is very great.

Urea. This may be effective 20-30 grammes daily are needed.
It is unpleasant to take The urea mn the blood will rise. It is
supposed that it leads to the retention of water 1n the tubules for
its ebmination (43), for it is filtered through the glomeruli

Digitalis must be mentioned. After all, its first reputation was
gained as o cure for the dropsy (Withering} Nowadays the prompt
use of the mercurial diuretics makes its action less conspicuous  But
one would not rely on it alone, 1ts success is perhaps confined to
patients with the fast rate of auricular fibrillation In one serics 1t
worked in one-third of cases only (£4)

Sodium restriction. The reahsation that retention of sodium
was really the nnportant cause of eardiac cedema led to the planning
of a diet to avoid its intake, and to measures to prevent its absorp-
tion

Dier. The severity of restriction of sodium must depend on the
severity of the heart failure This can be graded by their tolerance
of sodium. If heart failure 13 muld the patient imght be able to take
4-10 grammes of salt daily (24) An ordinary diet without added
salt provides about 4 grammes of salt daily With moderate heart
failure 2-3 grammes of sodinm chloride might be tolerated If no
salt 13 used in cooking the mtake of sodium chloride 1s reduced to
21 grammes If the heart failure is severe, cedema can only be kept
under control by limiting the salt mntake to 0-5-1 0 grammes  which
amaunts to 200100 mg of sodum. While the Jow sodinm diet s
of extreme importance in cases of intractable heart failure 1t is
wnpecessary to prescribe the most rigid thet for alf cases But the
use of salt-free bread and salt-free butter 1s the most smiportant
difference between the noderate diet and the severe But_shects for
200 mg. Na (05 gramme salty and for 500 mg Na (123 gramme
salt) are given on pages 381-382 as examples
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200 mg. Soptrat Dirr
1 oz, bread—ealt free
Salt-free butter as desired.
} oz marmalade or jam
Serving fresh or stewed fruit with sugar,
Cup of tea with 1 oz milk.
Frut drink with glucoss, or pugsr as permatted
202 meat or 1 oz fish
2oz potato—salt free,
Green vegetables 2 0z —salt free
Cereal udding with 307, milk, }oz. ks, semolina, etc
not cornflor
1 0z. bread—salt free.
Butter—salt free
{ oz jam
20z mulkn tea
10z meat or low salt dich
20z potato
1oz salt-free bread
Salt free butter
Helping fresh or stewed frut
The patient may eat fresh fruit and botled gwects Lut no
other extras
Oz Na ¢
Bread—salt free

3 128 43 9 5
Meat 3 on 2 »
Potato n 4 12 1o
Green vegetables 2 8
Milk 5 mes 1z s 1
%30. semolina, etc 1 1 10 1

b 4 2 8
!lnrmnl.ude i A
Fru 12 20
‘uxlhgluum 3 Te o
Butter—salt free 1

432 515
Total calones 1500 515
CHO 300 g

Protein “0gm

Fat 85

Calomes 3500
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500 mg. Soproa Dier
Daily 1 pmt milk—to be used for alt drinks, puddings, ete
Break fast Shredded wheat, puffed sheat, porridge cooked without salt,
or fruit of desired.
1 egg—boiled, poached, scrambled er fried.
A helpung of whte fish,
Fried salt-freo bread and tomatoes.
2 slices salt-free bread with unsalied butter.
Marmalade or jam. Sugar as desred,
Tea or coffeo with milk from allowance.

o;
0

R3

Mid-morntng  Tea, coffee or fruit jutce
Dinner Average helping of meat, fish, rabhit, Iiver or poultry, cooked
without salt
Potato and vegetable cooked without salt.
Pudding or sweet,
Tea 2 shices salt-frec bread with unsaited butter
Jam. Tomato or salad 1f desired
Tea, sugar, milk from allowance,
Biscwt, cake or tart.
Supper As for dmner,
No Sart 7o B2 USED Iv COOKING OR aT TasLE

The strict rice diet is effective but disliked by patients for any
length of time.

The intake of fluids may be guided by the advice of Withering,
who allowed the patients to drink “whatever they prefer, and in as
great quantity as thewr appetite for dnnk demands.” This apples,
of course, to water. Beer contains much sodium, and so do such
beverages as Bovril. Fruit juices may contam a good deal of potas-
sium Drugs containing sodtum are often overlooked, and must Lo
avorded There are various snbstitutes for salt, but none provides the
real flavour Lemon juice often makes some things more palatable

Resins. These may bo useful m preventing the absorption of
sodium from the gut. In some way they may promote the action of
the mercurial diuretics on the kidneys (45). In some cascs they
may take the place of these drugs and so help to avord the low.sodium

syndrome (46):

LN PR Y I

level and athal 1esulie au oo po
Hyperchlormmin may come on and hypopotassemia sometimes.
These preparations are unpleasant to take, and upset the digestion
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Therr cliteal value seems o bo rather limited But in some cases of
Jbstimate edema they are worth beoring 10 mind. 1}:.1: there are
Fha oo e . :

sodum cblorde content may be Jow, and sometimes there j a
ronsiderable cloud of albumen, Urates are plentlf\fl, nnd_!he reaction
2ctd The albumen 1s parallel to the degree of f:\\!m'e 303 Ttisno
contra-ndication to mercunials, But of the nrine is pale and tho
speafic gravity lover than 1015, with less nl\mmcnf ncphﬂ"ﬂclcroﬁn
may Ve present, especially in elderly hypertensive patients A
nse m the blood urea may be suspeeted This may parallel the
, podbaaast

tucumstances there may be large accumulations in the aldomen, as
n constrictive penicarditis, or cardiac exrrhows of the hiver, or m the
chest The tegs may be drained by multiple punctures or Southey's
tobes under cover of perutithn  In order to vbtmn the maximum
effect the patient should be sitting-up with the legs dependent for
twelve bours  Dramage of the legs may remove asertes It may be
vecessary 1o tap the sbdomen or the chest i Ahe effusion embarrasses
the breathing senously  Once the aseites 1s removed the hidneys
may respond betier to diureties 1t must be remembered that a good

deal of vodwm ehlonde and protein may be remosed from the hody
by these procedures
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Effects of Changes in Electrolytes on the Cardiogram
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Porsssivst. It should be remembered that on depolarisation of

the mustle el the potassium fous move out, aod the sodium {ons

move m  On repolarisation potassium moves in, and sodium out.
P 1

e
vFH—Q—{ji:ﬁ v:igi ~;—q~iv'

Fie 128 Hyperkal
e o yperkalrma,
B Eq PS4 mE 100 ml ) Normad 33 o0 5 5 mEq,1
The leve of "

fgral o5 -

Potassium in the cell g4 higher than ¢hat = 4 on,

W

appeats when the K o 84 ¥ the high-peaked T
 the K reaches 7 m eq per h"I; (mnnalv;:\:' MT:\S.
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Porassteyt. 1t should be remembered that on depolarisation of
the muscle cell the potassium so0s mave out, and the sodinm jons
move in  On repolarisation potassium moves in, and sodium ont

£

-ﬁp’l V\j‘_ﬂﬁj.}'

1 -1

Fic 126 Hyperk
Ko o 7 ; yperkalemia
78 Eq1{304mg/100ml} Normal 3510 85mEq |

The level of

‘potassium in th

e\'xex\\ o potasum lmld:wll 15 higher than that outside, The

crease of extra-cellul

o ar potassium will slow depolatisati

haste repolarisation. Inerease of extra-ceffular nc«?xu;\ :ﬁ:lmhn o
Hyperkal and slow repalansation (1) posien

o ‘:lhc::i; . §he first sign 18 the high-peaked T wave This

reaches 7 m eq per litre (normal level about
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5. eq. perlitre Later QRS is prolonged, and may resemble bundle
branch block; A-V conduction is prolonged; later P waves dis-
appear as auricular standstill comes on. Finally ventricular fibrilla.
tion may come on if the extra-cellular X concentration reaches

= E
M E |
i i R i
S e
h § 3 Rt
R Fio 128, Hypokalemia.
=i Serum K+ 9 mg./100 mt
::i chh Normal 14-22 rag. 100 m!
i :
A :
- e
Sevsreinat Fre 127 Hyperkalemm
T () K+ = 37 mg /100 ml
$assEssst ®) B as K+ falls
{a) ®)

14 m, eq per litre (Fig 126) (2) Shock, dehydration, uremia, Ad-
dison’s discase, and diabetic acidosis may Jead to a rise mn extra-
tas Fig. 127)
cellular potassium (Fig. 127 SV ke - QT Yargoly duicto
ncrease in the dura-

" A me negative (3).
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Hypekalema may be caused by diabetie acidosis, chr?nic
darrhea, o famthal periodic paralysiz. Prolonged lack of potawsium
oy lead to permanent damage to the heart rousele (4, 5).

Hypercalcwma The duration of systole is shortened, the QTe
tme falls to about 034 sce. The T wave tends to le small, and to
merge with the end of QRS, <0 that the ST interval ean hardly be
seen  These rare abnormalities may be met with in hyperpara-
thyreidim (6)

Hypocalewmia - There 13 merease i the duration of systole sa
that the Q-T mterval 1s prolonged In some cases the presence of
hypopotassemia alters the T wave, which is otherwise normal, The
abnormal points tend to appear when the Jevel of the serum caleium
s falien below 1-8mg per 100mL (1) 1t should be remembered
that abnormal electrolytic states are often complex, more than one
electrolgte being affected  This makes the carhogrnplie pattern
atypeal and ol 50 that the diag of any parteular
clm‘dmon may be dufficult  But the degree of cardiograplue atmor.

Lnie ettect on the cardiogram of coexisting disease must sometimes
be allowed for, ~~* ' ©°

tumes qundme -
heart or myxeeds

Linz), F, Caniggia, & 1953 Gl elettrolits pella funzona contrattile del mio
cardio Sieny

Mernll, L etal 1930 Arn ant Med 8, 337.
Bellet, S etal 1930 Amer J med Ses. 219, 342,
Henderson, ¢ B 1933 Brat Heart J 15, 87

Mellen, P M 1955 Bru HeartJ. 17, 5

Bradiow, B M, begel N 1936, Brt med 4 2, 197
Erustene, A C, Proudfit, W 1 1049 Amer Heart J 33, 260

PR

) Failure of the Muscle Cell
Ag ina® oo

cell, 1

The r

a ten

the same
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anch block; A-V conduction ig prolonged; later P waves dis-
ipear as auricular standstill comes on, Finally ventricular fibrilla-
n may come on if the extra-cellular K concentration reaches
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m. eq. per litre (Fig. 126) (2) Shock, dehydratton, uremna, Ad-
ont'’s divease, and dabetio 2eidosis may Jead to a rice m exira-
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ypohalemia, There 13 increased duration of QT, largely due to
wed repolarisatron (T nave) There may be increase in the dura-
a of the RS-T phase (Fig 128). T may become negative (3).
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X-rays shows the engorgement of the pulmanary veins and a g.('m'ml
Ec?):( tmmlucencys' \\ghlle small collections of fluid form in .(:w
costodiaphragmatic angles  This mote often comes when the right
ventricle fails * Chinically the entry of air at the bases of the lungs 1s
poor, there may be s few fine ereputations of cedems.” The pul.
monary second sound will be accentuated, and equal (!m aortie
second sound 10 loudness | When there 1 hypertension this change
PRI

[ YR O,

M " - .
cardiac dyspneca on very little exertion, or even at rest, or during
sleep These may be accompanied by broncho<pasm, or fead to scute
pulmonary cedema (p 369) The beat of the Jeft ventricle s in-
ereased, as & rule, 1n area and foree, Lut s actually weak for its
mze  Frequently the thrust m prolonged and actually double,
due to the shock of palpable early diastolic filing The heart
thythm usually remains normal with some increase in rate  ventricu-
lar extrasy«toles are not uncommon, the systohie blood pressure
tends to fail, except of course 1 an acute attack. But Yery varymng
causes Wil influence the character of the pulse apart from the vigour
of the myocardium

Alternation of the pulse {pwlsus alternans). (L Traube,
1872} 4 weak beat aiternates with a stronger. The spacing is

€its

Fio 123 Alternation of the pulse tollowing & Lout of extes
systofes PA = pulsus alternans

usually regular  Occaswomally the mtervat pteceding the weaker
Pubse beat 13 Jonger than before the stronger, as the wealer con
tm;;mn ﬁnz the penipheral errculation more slowly  The actual
canbac contraction of the weaker heat may be m fact shchtty
Premature (1) Alternation 13 ; o

easily recognised wit b
ranometer if the v ea - y easily yrused with the sohvema.
thie hent ot Abs T, < 7Y W7@dS BEECE Wi the nnles  QaeT
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that the utilisation of substrates is normal. There 1s defective
utilisation of energy. Behind this there may be failure of the produe-
tion of energy, or of liberation of energy. The fault may be within
the contractile proteins (2). Tho actomysin fibril is composed of
polymerised actin and myosin  Depolymerisation is associated with
shortening, and so there is contraction and release of energy The
polymerised state is stable in the presence of potassium When the
“impulse™ for activity reaches the cell, the permeability of the cell
membrane is increased, the atoms and their electrical charges move
as depolarisation takes place Potassium leaves the cell, and the
fibrils of actomysin shorten. This issystole. Sodium atoms move .
n diastole, repolymerisation is done through adenostne triphos.
phate. Iu fact thus is the source of the systolic energy (3). One type
of failuro where there is disturbance of encrgy production may be
due to lack of oxygen, or some enzyme or hormone, as in myxcedema
The other is the derangement in the utilisation of energy. When the
heart fails there is a tendency for the electrolytes, potassium and
sodium, to leave the cell, and for water te enter 1t is clear that this
abnormal distribution of electrolytes may impair the cfficiency of
contraction. On recovery the excess water leaves the cells and the
potassium and sodium are taken in agam. The osmolarity of the
extra-cellular space may be a very important matter (f) Digitalis
enables the aetimomysin filiril to make better use of the avadable
protein-bound energy and so increase its work without using any
more oxygen {3)..
1 Cournand, A, 1952 dnn fnt Med 37, 649
2. Bing, R J. 1955. Cueulation, 12, 635
3. Qlson, R. E., Schwartz, W B 1951 Medicine, 50, 21,
4. Isers, L T. et al 1954. Circulation, 9, 247

Left Ventricular Failure
When the idea became accepted that the left ventricle might
fail before the right, an important progressive step was made In
the majority of cases of heart dl'Scﬂﬁc it was Jate mn the day to think

ks Ainmnaasg

e

infarcts damage mamly the leit ventricle. It s here that Lo uertun
in function first develops 1n many cases T!w pulmonary circalation
es congested and the pressure rises in the pulmonary artery
gh the lungs slows down  The cardiac output

n with the

becom:

#The fow of blaad throu n
remans normal, at the cost of more work Exammatior
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ay fal i one part of the muscle than ntm(l}cr‘ Lowis
:“‘;‘;s\:;d) long ago lhat}:\hen the rate of the heart is high, (hc)re;
fractory period of some filres mey last longer than diastole, so tha
they are not ready to respond to every beat. Atslowerrates nltcm:y
tion 15 found in diseased bearts and probably the same defect i8
responsible - Alternation, when it persists, has {\l\\ ays \).N‘l\ rog:mhjl
a3 3 sygn of the gravest import  Few patients live long in whom this
serons indcation of defectsve contractibity exists for any length of
time
Gallop rhythm. {E Potain, 1876} This is another important
sign of ventricular weakness. The name, given by Potam, is hardiy
2 goad deseription, and has caused some confosion, and sometimes
the even worse expression “canter rhythm™ has been need A third
sound 13 heard. The name “triple thythm’ has also been used. But
there 13 some doubt, if all the varieties of triple thythm are the same,
The phenomenon vames a good deal for two reasona  The spacing
of the sounds, that 18 to say the poution of the third sound in
disstole  Thus variation rs related to the rate of the heart, and to the
length of duastole The relative loudness of the normal sounds wiil
also alter the cadence  the phenomenon sounds different in a hymer.

) a s ey as LIUIER B1N ) OUNE
adults, when there 1 shght nervous acceleration It 13 generally
supposed that the rapid mflow of blood sets up these vibrations
Sometimes they can be felt a3 a shight shock 1t 15 rate to find the
physiclogical third sound after muddla ama T- a1 o
with a weak dilated left ve
logteal third sound, but ss =
p;\) s1ologeal third sound 1
the auriculo-ventriewlar va.,os vy tne dsastolie inflos cans
sound (6) The presystolse gatlop is assopratedt with aurnc\:;:‘x: f\it‘:l';
as Lewn fong ago showed {1912) The actual contraction of the
auncle can somstiraes be heard, particularly if there 1y heart block
There 15 1ndeed a loud auricylar sound, 1n view of hugh diastali
yressure in the ventricle the contraction g : een
:\;ige:‘:‘eli ‘;h:; tix: nt?:ﬂr;l soum‘j xln “galiop™ of the preystohe type s

; newlar systole transputted through o

ventreular wall (7) When the rate 55 f ¥ drastoti and
ater st 25t the carly drastolic and
s gaus:ﬁg; may become stmultaneous, causing the loud
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T waves (Fig. 130).«The finger can rarely detect & difference of less
than 20 mm. of mercury, between the beats. It has been shown by
the cardinc catheter that alternation may appear in either circulation
independently. As one would expect, it is often associated with a
raised pressure in either circulation, The variation in the diastolie
pressures is always less than the systohe, particularly on the right
side. Electrical alternation lias not been shown 1n connection with
the right ventricle (). YAlternation 1s usually found when the Jeft
ventricle is much over-burdened, as m hypertension when failure 15
threntened ¥t is met with in ischeenme heart disease.

Fro 130. Alternation m voltage of R and T waves

In the tachycardin of flutter, or true paroxysmal tachycardia,
alternation may occuf, even when the heart 1s apparently heaithy.
It disappears when the rate becomes normal It has been detected
in fibrillation by sphygmographic records. As heart farlure <ets
in, the alternation may become less obvious It has been eug-
gested that the rising filling pressuro may cause an mereased stretch
of the fibres in diastole and a more uniform beat and more vmform
ejectton (3). But i some cases, while lowerng the venous return
was found to exaggerate the alternation, exercise and intravenous
infusion, by raising the venous pressure, had the same cffeet (4, 5)
Digitahs may abolish alternation, by improving ventricular con-
tmi;tzon This abnormality not uncommonly appears for a short
while after extrasystoles (Fig 128} Tt 1s important not to mistake
bigemmy of the pulse for alternation, a not uncommon error. Hero
the shorter interval, and 1t 1s very o}n'xously shorter as a rule,
precedes the weaker b;ﬂat and excreise may perhaps cause the

gular.
rhv};l;:\t'ZTb;;:mozrffmmxnmx. “In alternation al} the fibrea of
the i'enzriclc do not contract at cn}'h systole The fibres that do not
respond to the mpulse may Le diffused throughout the muscle, or
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m’]nng-st:\ndmg pulmonary dijease, \l*\m“.\'A with emphysema, Hm’
*chronic ot pulmonale,” and the sudden l:mlurc Que to pulnionary
embolism, the “acute cor pulmonale.””” Primary pulmonary fyper-
fension is & rare cause, Finally there are some of the r.m\y.\*u\\:\\
Tesions, pulmonary stenosis, sunple or complex, and ventrienlar and
atmad septal defect, also transposition of the great vesels

The signs are those of raised systemie venous pressure, 1€ engorge-
ment of the yugular veins, enlargement of the liver, (rdon\{\ and
asutes A dull ache upder the right ribs denotes the stretehing of
the hiver capsule  Incompetence of the tricuspad valve may develop
and mmakes things wore  1f there 13 primary nght failure the lungs
will reman clear. There 13 no tendency to pulmonary engorgement
and wdema, but hydrothorax may develop  The enlargement of the
nght ventricle may be detected by the thrust to the left of the
sternum and dulinesa tothe right of it A gallop rhythin is sometimes
hesrd over the nght ventnicle The pulmonary second sound will be
loud, as a tule, unless the valves are deformed

\ Bernhevm's syndrome  In some cases of gross concentric hypes-

trophy of the left ventricle, such as nortic stenovix or hypertension,
the sventle thalannd womd o L] -,

ot ek b e Last WILL et ide lesions, “The lungs are free from
congestion and there 13 no orthopneea (see p. 183).

Faiture of the right ventnele most conunonly follons that of the
left &<t comes on, the acute distress of an over-filled pulmonary
areulation iy often rebieved and the dyspnees 12 Yews ntenve  The
acute paroxyams no longer torment The patient feels better but 13

really worse Pregnancy and pulmonary wfeetion, gs well as wfaye-
tion way be causes

Precipitating causes of heart failure. Usually heart fadure
has o gradual onset with mereasing dy spacea on effort, leadtng on to
orthopntea, or edema of the ankles In hyperten<ine heart diseace,
nocturnal dyspneea, with erhaps an sttack of acute pulmonary
@dema, may betray the presence of advanced pulmonary congestion
;uulh };ydmthorax Some acnte attacks of aulmanare mdam~ josiey
e A o .
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There is no doubt about the important part played by the wall of
the ventricle, which is weak, atonic and dilated. Further evidence
of this is the presence of  slight shock just before the true thrust of
systole, or carlier m diastole. This can be seen in thin patients, and
often causes the beat to feel double, This vibration goes with the
gallop sound

*It is noteworthy that “gallop” does not appear with mitral
stenosis, and it i3 most unusual with fibrillation, the one restricting
the rate of ventrieular filling and the other abolishing auricular
systole. If a ventricular beat is dropped the auricular “gallop”
sound remains alone, If failure clears, under digitalis particularly,
the gailop rhythm disappears .

Clinical significance”’ Gallop rthythm occurs most commonly in
hypertensivo heart disease. It is noy uncommon after a large left
ventricular infarct or any case of ventricular disease as m cardio-
myopathy. It is found in severe anzerma. It may be heard over the
right ventricle in emphysema and pulmonary infarction It points
to failure of the ventricle, and carries & grave prognoss if it persists

DrrrerexTiat. Draayosts  The physiological third sound 13
prabably the same filhng phenomenon in a healthy heart The
systole of the auricles may sometimes be audible. Asynchronous
cantraction of the ventricles due to bundle branch block, particu-
larly on the left side may be associated with a widely split first
sound ana double beat.

*'Splitting of the sounds’ is quite different to the ear, and should
cause no difficulty In the case of the first sound n superfieal
click follows the actual sound of contraction at the apex At the
base splitting of the second sound means asynchronous closure of
the semtlunar valves. This may be found in healthy hearts, particu-
larly in children. The nterval widens on inspiration The patho-
logical association 1s & change from the normal m the relative
pressures, particularly in the pubmonary artery, or in the volume of
flow, or in the asynchronous ventricular contraction {bundle branch
block) 'The early diastolic sound, best heard below the pulmonary
area, the “opentng snep,” has 2 character all its own and can be
distingwshed by 1ts sharp high-pitched snap or click (9) Its associa-
tiom is with mitral stenosis (p 302)

Right Ventricular Failure
Faslure of the left ventricle rarses the pressure in the pufmonary
ngs sbout secondary fature of the right. ' This 1

ctery and so bry
e st form. Mitral discase comes next, then there

much the commone
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smaller | The volume of the blood is usually lessened from ite abnorm-
alfy ngh fevel, as far as the rather impcn'e'ct methods can shqw [43]
Withtn the heart on the right side the residunl pressures in diastole
return to normal  Thus the pressure in the right ventricle nnd. right
auncle at the end of diastole comes down, and so does that in the
femoral ven In the kidneys there is improvement in the flow of
plasma, but even on apparent recovery in other respeets, this fune.
tion may still remain low  But 1n the first place it would have fallen
more than the rate of glomerular filtration, owing to the constrietion
of the efferent artenole
. The rate of filtration through the glomeruli returns to normals asa
result there may be four-fold improvement in the excretion of sodium,
five-fold 1n chlorine and two-fold i that of potassinm {1). The
atterial pressure tends to rise, both in systole and diastole  In cases
with farture of the left ventncle the pressurein the pulmonary artery
falls I the output goes up, the stroke velume mmproves, for the
rate of the heart will tend to come down  Digitahs is responsille
for this improved efficiency, wiich may be apparent in cases of
fatlure of the nght ventnefe, where the output may tend to be
relatively hugh (2) The pressure in the nght ventyicle at the end of

diastole falls to normal showing that the tendeney for residual blood
to accumulate i3 gone

1 Euhna, L W etal 1953 Corculntion, 7, 874
2 Cournand, A. 1932 Ann sy, Med 37, 847

. 5 Treatment

a Tt‘«; dl%ll‘;)ahs group of drugs, Heart failure 15 always a eall for
hgitalis & suceess of the

e of the treatment will dep'end agood deal on ite
Prerarations Thete are obtamned f ieti

ore: rom two varicties of fox-

nurpurea and digitalis lanata (ti v
from Austria, wath yellow ﬁa“ezgq s the woolly fosglove)

Degitalis fohum 13 the dmed and

: pondered leaf of drgitahs pur-
el gitahs pur.
T, W\E\f\hﬂ P\f\“m‘a or preparata of the. Bntish Pharma.
Prepatat

. S ee ey glaill ULSEs {30
e;.‘d:::»:[r weffective ’;‘nrcparatwn, and niot to be confu:cd)_:?ll?%h)e’
Zitaline erystalise™ of Natuvelle, which 1s very much stronger (1)
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possibility of a painless infarct should be borne in mind in sudden
unexpected failure, particularly if there is a previons liability to
angina of effort * Ventricular tachycardia causing breakdown may
arise in this way, -

Rhythm in heart failure. Failure with normal rhythm is the
ule m hypertensive heart disease. In heart disease of pulmonary
arigin o normal rhythm usually persists. The same applies to coronary
disease (ischwmic heart disease). It used to be noted in infective
endocarditis before treatment was possible. Syphilitic heart disease,
less common nowadays, usually kept a normal rhythm. The large
number of patients with mitral disease all tended to fbrillate, and so
do elderly thyrotoxic patients The senile type of fadure often
fibrillates. Fibrillation is the physiologieal death of the chamber,
at any rate for a time, unless quinidine resurrects it, and itsend asan
effective contractile organ. This does not matter & great deal i the
auricles, but the arrhythmia does lower the output, prolong the
circulation time, lower the arterral pressure and tend to an insuffi-
cient coronary flow. The heart nsually increases m size. The vital
capacity is diminished. All these points indicate its disadvantages
{10). Ventricular fibrillation brings i diate foss of
and sudden death as a rule. An mcrease in extrasystoles in the
auricles often heralds fibnllation, and numerous premature beats
from different places m the ventricles usually have an ommous
sigmficance (p 314).

Friedman, B 1956 Amer. Heart J. 51, 70},
Ferrer, M. I et al 1956 Ctreulation, 14, 163
Regan, J, M. et al. 1955, Circulation, 12, 60.
Friedman, B ¢zal 1953 Curculation, 8, 864
Regan, J. M etal 1936 Circulation, 14, 1099
Dock, W et al 1955 Amer HeartJ 50, 449,
Wertzman, . 1935, Brit, Heart J. 17, 70
Editonal. 1957. Circulation, 15, 32
Mounsey, P, 1953 Brit, Heart J 15, 135
Dodge, H. T. et al, 1957. Cerculation, 15, 335

e

‘The Hiemodynamics of Recovery
The criterta vary, and are not always very precrse It has not
always been convenient to collect the numerons and elaborate
pieces of information from veryill patients  On lht‘.\l hole the cﬂrdlz_lc
+output tends to improve, as one might expecet, but it s not a spectfic
indication of recovery. More deﬁm?e 15 the improvement in the
} arteriovenous oxygen ifference, which farrly constantly becomes
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ather faster (§) But for rapid action digoxin does all that s needed

y Al venons injection.
b’A::;Zx: of digltlalis. 1n 1785 Withering pu\)\)\\\l‘.d Jit) nffmml of
“he wep of the Foxglove,” in which he said that it lm‘(] ‘a power
over the motion of the heart to o degree yet unobrerved inany other
medyeine "

The output of the normal heart may be actually dﬁcr(:am:d by
digmtabs, and the heart 13 diminished in size. There is no rive in the
qutput of urine There 1s no diuretic effect in health, The enlarged
fieart whith 13 net 1 failure does mot wereace its output when
fully under digitalis, it may indeed fall; the pressures in‘ lt3e
pulmonary artery and nght auncle are not altered (8). It 3s in
farlure that the output is increased {3)  This 15 done mainly by
1ncreasing the contractile force of the heart beat, Slowmg the rate
will alo help  As 1t 4 niot really undertood what goes wrong with
the muscle fibtes when they fall, 561t i not clear what digitalis does
to put them right  Insome way the deficiency in uemg the chemical
energy of adenosine tripho<phate 18 correeted  There 15 no fmlure to
synthesse 11, the utihvation of oxygen is normal ()

Digoun gaven into the pulmonary artery caused a vi<e in the out-
put and m the stroke volume The pressure i the night ventriele at
theend of diastole did not alter The pulmonary artery pressure feit
The conclusion would be that the left ventrcle emptied better (10)

Drvretic Efeger Digitalis ganed its fame first aa a enve for the
dropsy  The dwretic effect 13 Jess stnfong nowadays with the
mercunals to hand - Digoxin cances an increase 1 the excretion of
salt and water, at the same time the venoust pressure falls The

glomerular filtration rate goes up (2} The renal niremns fow
mnereases T N .

been sugge
wn the ven

4 v e AnuL Miny e ROMD
ireet action, for injection of digoun nto the renal artery wn dogs
Eau\c:l h:nmeh dll“mm 13) There can be no doubt that it 1 in smte
way through the improvement of the action of th
duuretic effect is acheved fho heart that the
b
. : OTASSIAL AXD Diorratas If the level of potasssum in the rerum
) ul:\ s the‘lc\"el of tasiety of any digitalis preparation will be lower
an usua nn hree:r; farlure thete 1 a tendency for potassiuem to
3 of the myocardum  The me:
rlen‘t:nctmn n t\lel, the wee of resins and a - “;cuna‘ dnretcs and
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Digitozin. This is the crystallised digitaline of Nativelle The
glycoside is very completely and quickly absorbed, and but slonly
excreted  Care is needed to avoid a toxic effect. 1-2mg may be an
effective digitalising dose (2). The red granules contain 0-1 mg.
(1/600 grain} and the white granules 0-25 mg. (1/240 grain).

Digitalis lanata, contains three erystalline glycosides Lanatoside
A, B and C. The leaf of digitalis lanata is 3 or 4 times as strong as
that of purpurea. On hydrolysis A yields digitoxin, B gives gitoxin,
and C, digoxin.

Lanafoside C is marketed as cedilanid in 0-5 mg tablets It acts
fast and is quickly excreted (3). The maintenance dose 1s n tablet
a day. It is available in ampoules for intravenous mjeetion.

Digorin (lanoxin) is the complete glycoside after hydrolysis, which
removes glucose and acetic acid This glycoude is rapidly absorbed
and rapidly excreted (3). In this country digoxin is used for intra-
venous injection, 0 5-1:0 mg. The 1 ml ampoule contams 0 5 mg in
alcohohe solution It 15 usually best to give it dilnted with salne ten
times, but it is quite satisfactory and unlikely to cause local throm-
bosis if given very slowly, with blood well mixed in the syringe.
The tablet of Janoxin contains 0-25 mg. It is pure and constant.
The maintenance dose is usnally one tablet, but some large patients
and large hearts seem to need two daily (4}

Lanoxin (digoxin} 1s now avatlable for mtramuscular or intra-
venous injectron. It 1s effective and not pamnful The ampoules of
2 ml. contain 05 mg. in 40% propylene glyeol and 10°, of alcohol.

Gitalin (Grtaligin) 1s an amorphous water soluble fraction from
dugitalis purpurea  The action s uniform. The therapeutic dose is
ahout half the toxic (5). In most respects it behaves hke all other
active preparations and 1s toxic hke the rest (6) There are many
preparations of digitalis on the market, all should be toxie Itisnot
possible or necessary to know them all, for oral use it 15 doubtful
whether Withering's “beautiful green powder" has been surpassed.

Strophanthun is of hittle value by mouth because of 1ts erratic rate
of absorption (). For mtravenous myection ouabam 1s a glycoside
got from the seeds of strophanthus gratus. Strophanthin K is a
mixture of glycosides from strophanthus Kombe  Acetyl strophan-
thin s synthesised from the glucose Strup)mmhn.im 5)

Sgurll has o slight digitalis action, from scillaren A and B 8

prepared Urgmin.
Comparing the rates

intravenons in)ec(ion,

side C third. Stowest are o5

of action * acetylstrophantludmn 1s quickest by
with ouabain second, and digoxin and lanato-
] digitoxm and digtalic, with digoxin
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i 1 and 1I1). While with the l\urim.ninl honrt,
iniiny;r:t::})ﬁllxey are mo}zt obvious in V2 (and sa in slﬂ;\;\:‘:‘l
1), The negatwve T normally seen in TR becomes pO‘lhlvc. K ch
mtoxcation 13 severe the QIS complex may \w s\\\r':cx o ﬁ:‘m
fonged It may take from 10t 14 days, ot even G wecks some y

igitalis may i ith the
ormal. Digitalis may interfero \v!lh
forthe T waves to become normaah. Digitaf, ey IerCre 0 e

on 1n dimtalis saturation  If there is real poisoning there may
?emgnpyed l%eati, or even complete heart block The effect of
digitahs stimulating the sagus may cause some slowing of the sinn.
autienlar node, and alio be tesponsible for come or most of the
A-V block, for atropme will sbolish both {Fig. 132)
Premature beats and ventncular tachyeardia, Ventrieular pre.
mature contractions may cause “bigenmuny,” or “coupling” 23 it 13
sometimes called  If the rhythm is normal gurieular premature

+ ot un.

fonte e -

1

Fup o stuuiewiar tachyeardsa, usually from the same spot as
the 1solated beats

The ti-directional type of tachyecardia 13 partieularly dangerous;
5013 the appearance of extrasystoles from many spots  Ventrieular
fibnilation 13 then a powable consequence. When the heatt 1
possoned by digitalis 1ts meffictency 15 made woree.

Apart from these special myocardial effects lass of appetite comes
early, and nauses, and then vomitmng Diarthen 13 met with,
headache 13 common, green and yellaw viston aceasional, Couphing
may not be wmportant 1f it 1 the sole wygm
P To xsheve 1ntoxieation the drug must be Jefy nff ot rwean
t
t

v

meseo o tan yomtng may have heen set
und veed glucose to break ot By e b
Promezathine (as the HCL o chiorotheophylhmate) known as
Phenergan and avemune, have eontrolied the vomiting sometumes,
but careful use of digitaks should never fead to these unfuﬂumt;
epwsodes
Indi

{{ dad

. £ heart fadure inany
farm, teft or night, 15 the mdication for wsing digtalis . it gaust L
temembered that the term “eongestive falure" nsuslly starts with
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action to benefit; 1-2 grammes of the chloride may be given
by mouth, Itis possible that the notion that relief of cedema mobilises
digitalis is false: it is really loss of potassium with the diuresis that
enthances the possible toxic effect (14).

Tir ELECTROCARDIOGRAM AND Diciratts. There are three signs
of tho effect of digitals on the heart muscle (§): those connected
with the T wave, showing change in the rate of repolamsation, this

b e o

R T el S e Eatae s e SIS Y

Fre. 131. Digitahe intoxicatron  Thero 18 heart block, and
depression of 8-T interval mn all leads, especally IVR.

is » delay, mawly superficial on the surface of the ventricle (2), the
effect on the aucicle-ventricular bundle heart block, (3) mcrease
in the cxcitability of the muscle, premature contractions, and
centricular tachycardia
‘e;‘tlfc T wave )Fust appears depression of the 8-T m(er\ta] Ths
is concave upwards. The T wave tself 1s (prllz{sxc or inverted
There may be shght shortening of s;'stole. These signs may appear
a fow hours after intravenous injection The negative T waves must
be distinguished if possible from those n=.~'ocmtcd “'l}h ventricular
hypertmphy {or strain} and those duf: to ischemma (Fig )3:) The
sative T waves may be scen in all limb and chest )(‘ndi.' But m’tlz
:e‘?crtical heart, asm mitral stenosis, they are most obvions in VI



Drcrranis 309

(and so m standard 11 and I1), While with the ]mrm{ulnl heart,
as1n hypertension, they are most obvious in V2 (and roin atandan!
1) The negative T normally seen in VR becomes pesitive, If the
intoxication i3 severe the QRS complet may be slurred nnd'pm-
Yonged. Tt may take from 10 to 14 days, or even 6 weeks sametimes,
for the T waves to become normal. Digitalis may interfere » l'lh the

pretation of el + the information about its use
should always be passed on so that sllawance ean be made.

Heart block. Seme prolongation of the P-R interval is not un-
common mn digitabs saturation  If there is real poroning there may
be dropped beats, or even complete heart Llock, The cffect of
digtalis stimulating the vagus may cause some slowing of the sinu.
awrtcular node, and also Le responsible for zome or most of the
A-YV block, for atropine will abolish both (Fig. 132).

Premature beats and tentricular tachycardia. Ventricular pre-
mature contractions may cause “bigeminy,” or “ecoupling™ as 1t is

sometimes called. If the rhythm 13 normal auricular premature
PSP — e - -

a -

P - .

st . e tpue as
the 1volated beats

The br-directional type of tachycardia 13 particularly dangerous;
5013 the appearance of extrasystoles from many gpota. Ventricular
ﬁ%:{l\\ntl?{\ 15 then a possible conseduence Whan tha hanw ¢

N wvay ana uten vomiting Diarthea i ith;
headache is comme i o)

g o " lon, green and yellow vision occasional Mot
Tor

dose of

the he:

th-.:lt n © veau s AL vomiting may have been set

and need glucoe to break ¢, v

Diilir??amme (83 the HOL or ehlorathenwhett - 4 «
Indicationsand

form, 1ot o ngh\.a:’sntl:;ilsxtgcl;?.:;‘ ?onge:shv:henrtfm\um wmany
. or using digy i o
remembered that the term “congestive fanlurgu" ;st;ll’l" e

ly starts with
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congestion of the pulmonary eireulation. The tachyeardia of auricu-
lar fibrillation and flutter is of course an indication as well (p. 399).
As far as heart fulure is concerned it does not matter whether the
rhythm is normal or whether there is fibrillation. Naturally the
quick control of the fast rate is an important step to quick mprove-
ment, for the tachycardia may be the main cause of the fature. The

A\ A\

g0

=

n
o

APEX RATE PER MINUTE

INJ HYR ATROFINE g7, L
o i 1 i A
- AT Jz HOUR  iNTERVALS
F1e. 132, Chart of apex rate m aurwcalar fibrilation, showmg
abohtion of digitalis slowing by atropine

coutrol of the rate with normal rhythm 1s less dramatic, but the
dyspnaea becomes less, the beat becomes stronger, the systolic pres-
sure may rise, gallop rhythm and alternation disappear, and the
signs of pulmonary congestion become losq,.nnd adema clcmg up
with some increase in output of urine This 1s the characteristic
picture of improvement in the farlure of the left ventricle burdened
by hypertension. Even before s1gns of {fmlure can be seen, a flagging,
ventricls will often improve i its work, ﬂl’(l earry on better under
dugitalis, such are the cases of Jeft ventricular enlargement from,
hypertension and aortic valvular disease
Ahers are some special pomts for thought
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Syocardial infarction. If failure comes on after an infarct it will
of course be left ventricular at first The case must bo brought
under digitalis like any other; the rish of eausing ventricular
Sachyoariog 3 too smalt to endanger Lfe by withholding the drog

15
‘ I)ihmmnhc carditis, Digitalis 13 not needed unless there is heart
failure Tt does not act well as a rule

Hyperthyrowdism It is ateost imposable to control the rate when
there 1s normal rhythm in this condition with digitali<. When there
15 failure there 13 usually fibrillation, snd for control of 1his tachy.
cardia very large doses may be needed. But the efficient anti-
thyroid drugs make 1t easier nowadays {p. 227).

Age For chudren the dose, a3 indicated by the weight of the
body, 13 on the same scale as adults  The«e doses are often incffec-
tive n theumatie carditis, but not because they are too small. On
the whole, old people need less than the expected dose, perbaps
because the vagus is very sensitive in old age (3, 16).

Infections and anemia Digitalss should not be given n pnen.
moma unless there is fallure With anmmia, myxewdema, beri-beri,
arteriovenous aneuryst and Paget’s disease, removal of the eanse
(if posible] 1> more important than giving diztalis which vsually 1
of fittle help  But this ia no contra-indication to 1ts use. There 12 no
pomt 1n giving it for angna pectans

Heart Hlock 1f the block 14 complete, digitalis may he given if
required  If the block 13 partial great eare is needed. But by im.
proving the heart’s efficiency the block may improve Bundle

branch block dees not matter, it may disappear as the heart im-
Proves

fuﬁ“r gm'lmmr;)!e J\md %5 W hiypertension, digitalis is needed to the
> but 1n these conditions the prospect. i
ey 2m thove prospects are rometimes bad, and

et tamable—unless the wnfection which has ne-mipitated

hgitalis,

¢ wwppral 49 e heart improves  Oceas ““.V, they

tachyeardia 1 aholished by dystaly casionally aunenlae
Hethods

Sornething has heen said af
t some of the many
Proparations The methods of thei o many
Rapid effect For - = €ir use need a little attentinn
05mg) 104 5mg
wg0img Uptod
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Lanoxin can be given by intramuscular injection, 0-5-10 mg.
Lanatoside C, a glycoside from digitalis, can be given intravenously,
It is the same as cedilanid Nowadays the strophanthus prepara.
tions are rarely used; owafain in ampoules of 0-25 mg and stro-
phanthin K (0 25 mg. in 10 ml) are very quickly active.

Maintaining dosage. To maintain this first effect 2 grains of
the leaf may be given by mouth, or 0 25 mg. digoin (lanosin) as a
tablet. This dose should be repeated every six hours, until the effect
is obtained.

Slow ¢ffect. This can be obtnined by giving the leaf at six-hourly
mtervals. The loading dose should be about 4 grains for a patient
of 10 stone, and thereafter I grain six-hourly. The full effect will bo
achieved in six days If the patient is over 12 stone 11-2 grains
may be given.

Maintenance dose  In a patient of average size the mamtenance
dose is 2-3 grains daily. But patients vary much, and the
suitable dose must be found for cach one  Some may need 4 grams
a day, For somo 1t 1s satisfactory to omit digitalis on one day a
week, and so avoid cumulative effect

The pure glycosides are excreted faster than the leaf, and ths is
usually the best to employ But if it upscts the stomach the Nati-
volle granules may be tolerated, one red granule (1/600 gram) is
abiout equal to one grain of the leaf.

Despite the Inrge number of preparations on the market all of
which no doubt are active, 1t should suffice to become thoroughly
familiar with the powdered leaf, and one of the pure glycosides
Then the romark of Wenckebach that a long Itfe hardly sufficed to
learn all about this wonderful drug, 1s less discouraging  Perhaps ho
stressed the word “all.”

1. Wayne, E. J 1951 Brit med J 2, 850
o, Masters, A, M. 1048. J Amer. med Are. 137, 531
3. Master, A. M. 1055. N ¥* St.J. Med. 55, 619
4, Kay, C F- 1935 Circulation, 12, 116
5. Batterman, R, C etal 1951 Amer HeartJ $2, 202
- ™ veeeda 81 1052 dwer HeartJ 4G, I8

6.

7.

8 ' 166

lg ) ver 7,439,
i, 1250

1. . .
2 ber, S. J. el al 1031 Circuiation, 4, EYL]

tH e L. e al. 1055, Auer, Heart J. 52, 502
B Lovine, § 1954, New Eng J. Med 350, 371
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B et \t { @ competent

tient must be confined to bed unter the care o tent
nu’:r'shv:epi\\!lleunnecessary movements should be avoided,, ccr}mnl:,
any that cause dyvpneea; and this s the gande when the ‘nh;‘nl it
allowed to attempt them agam. A spensal cardiac lied, of the Leniy

150} BPSYSTOUG

PunLsE

BPDIASTOLIC
00

ORPHIA g7

RESPIRATION

Fiv 113 Chart showmp the offect of inorphan on tho pulw,
respication, and blood pressure at the end of half an hour,
#n sttach of cardiac asthma

type, 13 usefdl  The arrangement of the piltows 13 most important,
and a swhable bed-resy 13 very useful

Restleasness, anviety and
dyspacen, with eough, are the chuef enemies of sleep  The voluntary

laboured movements of dyspneea, which are sulstituted for the
unconselons aets of normal breathing, are diturling  Ventdlation
may well be dimmnished f the reflexes warking 1t ave quieted
Morpkene 15 the most usefu) drug in the acute phases of heatt
failure In the acute attack of left entricular failure 1t acta to
perfection  For the patient wha has heen sleepless for severa! nights

it may bring the first step of definite improvement ‘The mtravenous
\n]lemon of 18 grain {10 0 mp.} i« neadart s -~
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suffer after morphine, atropine should be added (1100 grain:
075 mg.). The dose can be repeated for 2 or 3 nights. There is some
risk in morphine for the aged; and when there is severe cyanosis as
m cor pulmonale, particularly with kyphoscohosis, but here it is
the assaciated lestons of the lungs that matter,

Other hypnoties  1f coughtis troublesome heroin (1/8 grain : 10mg.)
is useful or physeptone The dry cough of pericarditis or from bron.
chial irritation by a farge left aunele 1s helped by this, or syrup of
codein. A linctus containing heroin (1/6 grain : 10 mg ) and codem
{1/4 grain 3 15 mg.) 1s useful.

For some patients paraldehyde acts well It can be given m
treble doses by the rectum, but may cause irritation, as does intra-
muscular mjection Bromide and chloral are old favourites Ne-
penthe is useful, also the derivatives of uren, such as carbromal
and sedormid. Anxiety and nervousness need the harhiturates. The
sodium salts, which most of them are, should be avoided; amytal
1s as good as any.

Diet

Apart from a low salt diet for use when there 1s cedema due to
retention of sodium, certain principies need attention In severe cases
there is often 2 poor appetite, and there may be nausea and vomiting
As a result there may be actual acetonemia, which calls for glucose, *
and a Jow level of protemns in the plasma from too low an ntake.
Meals increase the work of the heart as the output is inereased
during digestion Dyspepsia disturbs the heart by leading to
rerophagi. Gastrie distension or distension of the colon following
too much starch, should be avoided In the most acute form of
failuce, such as after a large mfaret, nothing neced Le given for a
day or twa but glucose drinks, As soon as possible a hight, easily
digested, but nutnitious diet should be started Meals should be
small but evenly spread They are best taken without fluxd It »
important to tempt the patient’s appetite rather than to follow
any rigid programme too closely Two schemes of diet are suggested.
one Light for severe failure, and one a foller régume for milder cases
Starchy food should be reduced if there 1s flatulence, For cases
with coronary disease and lugh cholesterol level in the blood
animal fats should be kept low (batter, cream and fat on meat)
(p 238).

Alcohol. Dry sherry and champagno atqnuhtq the appetite
Wiusky or bandy certainly help some patients, if they hiko it
Stnall repeated doses may be given. A hght dry Rhine sane 13

often enjoyed.
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Tatamons. The acute deficiency of thiamine leads to the w et form
of bervberi  This 13 rare, Minor deficiencies n:wrljng acid and
‘utotmamyde ate not uncommeon m old people, Orange juice can bo
added, and micotinamide given in tablets,

The colon  For a few days it 13 best 1o feave the bowels alone.
Later an enema or suppoutory can be given  After that one of the
anthracene group, caseara, aloes, senna of thubarb combined with a
fubmeans, 1¢ usually effective Salines are best avoided. A commode
15 better than a bed-pan.

Carduac cachenia, In advanced cases a cachectic state comes on.
No doubt the chrome engorgement of the Kiver i fargely responsitite
Treatment 15 now ltkely to be meffective  Proteins and glucose arp
the mamhelps  Aleohol 1s best avended.

Tobaceo Patients with heart fallure do best without smokng
The ihalation of the smoke causes troublesome coughmg  The
mveterate smoker who finds it hard to give up tobacea i< a peravtent
mhaler as & rule  Patrents with angma or any tendency to vaso.
motor spasm or bad crculation m the legy shonld certainly not
smohe  But a few migarettes a day, Af the smoke is not inhaled, may
prove a comfort to some

Arrer Treatstext  The aim of the after treatment of cardiae
fallure 13 to shorten the persod of convalescence, and to put the heart
it the best state to mawtam the eirculation ay efficiently as may le
for as long as posuble  Rest i bed, with permission to tnerease the
vanor aetivities gradually, should be continued as long as there are
40y s1gns of congestran, and until the rate of the heart has been under
80 for o seek  This s irapottant 1 caves with pormal thythm

Hasstge This may help to clear up stubborn ewdema It aims
at improving the weak and wasted Juscles,
tion in the legs

and stimulating circula-
Thrombosis of veins m the calves may cause

ed unless the calves are

i the bimb, 1ncreasine the

poren ui Uig puise rate and the respiratory
. piratory rate are
‘he %u\des of progress The medern tendency 13 to avoid chrome
tmva idism 28 far a3 poyuble afd avtond sin - 4 s
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valuable rehef, and the hours in bed at night should be long, ten
hours or so with advantage. It is the sudden exertion, the short run,
that does most harm How much damage buses do by causing
persons to run for them!

Prognosis. This is always uncertain, but often much better
than might be expected; for a time at any rate  Sotial and economic
factors are very important. Failure followng fibnillation in mitral
disease often does well. Mitral stenosts does better than mitral
reflux. Flutter often improves—it here depends on elmnating the
fast rate. Cases of right ventricular fmlure from pulmonary disease
do badly as o rule  Hypertensive disease may cause fajlure several
times, but each time the prospect gets worse. Congestive fajlure
after myocardial infarction is usuaily bad, but less so 1f 1t comes
early and responds to treatment. Much depends on the patient’s
povers of cooperation. On the whole the obesedo badly  Usually the
larger the heart the worse the outlook Perhaps from the onset of
persistent or recurrent eedema one cannot expect much more than
two or three years. The hopeful outlook 1s often more eorrect than
the gloomy; the “Spes eardiaca” must not therefore he damped.
each case bemng judged on its ments Death is usnally sudden; but
usually not unexpectedly so except in aortic and coronary disease

SYNCOPE

Syneope is the loss of consciousness, or near loss of conscionsness,
dup to ncute failure of the cireulation The actual cause of un-
consctousness may be the sudden loss of support to brain substance
from the failure of tension in the arterial tree. acute artersal hypoten-
sion i an essential feature (with the possible exception of hyper-
cyanotic syncope m Fallot's tetralogy). Cerebral hypoxia js an
important factor when acute hypotension 13 prolongc:i

[ S S

afte.r cardiac arrest induced by ocular compression the finst EEG
synchronisation (the response to a painful stimulns),
later, slow waves appear which are not necessanly assocrated with a
change in consciousness, but qftcr arrest of more than 14 set
donie jerks and tonic contraction arc accompated by electrical
silence At this stage in epilepsy the cortex 13 functionally hyper-

sign is de:
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active, wheseas in & syneopal seizure structures forward of the brain
stem are functionally dead {2}

Mechanisms in Syncope

Systemic artenal pressure is a function of cardic output and total
peripheraf rewstance 1t follows that acute hypoten-ion may o due
primady to a fall m cardiac output, a failure of the vasomotor
system and & fall m petipheral resistance, of 10 combinations of
both

The canses of cardiogente syncope ure well hnown and inelode:
complete heart block (p 203), paroxyemal tachyeardsa of all types
(& 32), cardiae fon, ball valve t Bus and
strial tumours, massive puimonary embolixm, and cyanotic ton-
gemital heart disesse (p 203) In Fatlot’s tetralogy syncope is
assocnated with paroxyamal hypercyanions and may be due to rapid
taerease of the right to teft shunt caused Ly spasm of nfundibalar
muscle m the nght ventnele (2}

In zaromator syncope (vaso-vagal or better vaso.depressor syneape)
many factors interact ta cause the famt wiich 14 an acute failure of
mitegration 1o the cardio-vascular eystem The most impartant
features are a sudden fall of peripheral resistance and lows of cardiac
output awsociated with the upnight posture  Normal compensation
by systemic vasoconstrietion 18 meffecive  On the afferent side 3t 33
probable that multiple baroceptars arc rexponive to fapid changesin
pulse pressuce (3} Normaily a decrease m pulse prevwure leads to
Perpheral constrietion  The general theory of basoceptar responives
fits well wath abservations of vascular reactions accompany ing squat.
tng (4), the Vatsstra manweuvre (3), and fast ectopic thythms where
syncope follows 1f barocep docs not n a
systemuc arteral pressure of 50 mm Hg or more Ui

The release of normal vasoconstriction with consequent werease of
blood flow 1n the forearm has been shown in the fainting reactions of
tilting to an wpright pesition, lordosis,

Pregnaney and spind) anas.
:‘“‘“‘“ {7}  Atropiusation which prevents ratatuea @ -

weva vesponse of eardiac output (& bttt
weflectual sasoeonstuction a put (&) Predisp

general it health Gnchuding
ftuat, £

e Lause ) B

osing factors to

te hot weather, a stully atmosphere,

convalescence from major Mnews) and
g a peych lep Y.
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Posturan Hyrorenstoy. Organie discase of the autonomic
nervous system either in its central connections or in the periphery,
with or without associated nenrological disease, may lead to postural
hypotension and syncope, A rare form occurs in middle-aged males,
and leads to a triad of symptoms: postural syneope, anhydross and
impotence (9). This may be due to a degeneration of autonomic
centres in the brain  Evidence from a study of three cases pointed
to a central {ailure of the carotid sinus reflex (20). Spinal anwmsthesia,
sympathectomy, or medical sympathectomy with hypotensive
drugs, have similar effects, and may lead to postural syncope.

Carorrn Sixus Syncore. Here the fault is on the afferent side
and the carotid sinus is abnormally sensitive to pressor stimuls
Little has been added to this subject since the condition was des-
enbed (77} but few authorities wonld now agree with classtfieation
into three types (associated with bradycardm, hypotension and
cercbral fentures) as there is a wide range of reaction, and the
mechanisms are sinular 1n all  Surgieal treatment by denervation
has been advocated, but i many cases treatment with a long-acting
synthetie vagal inhibitor such as oxyphenonmm bromide is effective
(12

Covun Syxcory was described by Charcot in 1876 as laryngeal
vertigo  Baker (13), having analysed 168 cases from the literature
and added 9 new ones, paints out that it has nothing to do with the
larynx, and vertigo 18 not a feature Tusave syncope affects men
who are plethorie, obese and subject to chronic cough. Attacks are
provoked by any stimulus which causes a violent bout of coughing
the heart is o more frequently diseased than m “controls,”” The
prognosis 1s good and rehef is assured 1f conghing can be treated
effectively Syncope is probably due to a sudden fall of venous
flling pressure with resulting drop m cardme output followed by
acute hypotension
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Abnormatties, congemtal See
Congenutal defects

Acenocoumarin in cardiac infare-
on, 271

Acetazolamide, 379 .

ACTH cardiits, 07

Angtna of effart, 273
prognoss, 230
treatment, 278

eal, 270

type of pain s, 271 R

mcor

Adrenal tumours, hy pertension
due to, 182, 150

Alcohol i heart farlare, 404

Aleohalism and heart disease, 163

Allergy apd ditis, 159

16
in Fallot’s tetealogy , 31
in fsolated pulmonaTy stenouts,
40

Anunometradine, 319

Amusometradine, 339

Ammonjum chlonde, duretic use,
7

Armyloid disease of heart, 166
Amytal sedation, effect on blood
‘Pressure, 179
nf‘:;u. anmna pectons in. 230,
215

carhat output wn, 231 353
cardiovascular effects, 231
heatt faure in, 236
myocardial deseneration 1n, 233
svetolic mutmnurs in, 236
Aneurysm, aortc, stphilitic, 129
treatment, 136, 131
arterio-vennus, of king, 83
eandiac, wn wnfarction, 263
dissecting, differentinl diarmosis
(rom eardiac wnfarction, 2062
™ bypertensign, 191
of sinus of \ alealva, 24
Angina pectoris, 27380
atology, 971
ATOXRM Lot 3, 277
2otlie discase and 214
At rest 237
Moidance of attacks, 278
blood chalesterol 1, 276
diagmosis, 273
differential diagnons, 277
elctrocardiogram 1n, 27¢

n dextrocanha, gy o 23
it stonous, 275
0 myxedema, 233

1schumime heapy disease angd, 974

)

Q

‘i
\

in congenital

defects, 13
| Anglitis, aflerie granulomatous,
159

Anoxmmia i pulmonary Leart
discase, 201

Ansolysen 1n T pertension, K0

Anticoagulants, contra-indications,
271

n eardiae infarction, 283
toxic reactions, 271
Antigens, my ocarditys due to, 150
nxfety, effect on hlood preasure,
17

neurosis, tachycardia in, 307
Aorta, aneurysm, syphibitic, 120
treatment, 130, 131

coaretation, 065-72
classification, 83
chnical features, 49
course and prognoss, 70
clectrucardiograta in, 69
bhemodynamics, §7
bypertension 1n, 183, 16
n patent ductus, 6
morind anntomy, 66
pathogeneats, 66
Preghancy and, 70
radiographic findings, 40
surgical treatment, 71

dextroposition 1 Tallot's tetra-

0

OBV,
infections, 12130
transposition, 5, 25

Aortc arch, congemtal abnormah-

tres, 63

Aortic incompetence, rheutnatic,
angina pectatia wn, 275
avphilitic, 120

septum, rongenital defects, 22,
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Aortic stenosis, 121~7
angna pectaris in, 275
clineal features, 123
cox;.p]icatmg patent ductus,

congenital, 40
subaortic type, 47
surgieal treatment, 47
Yalvular type, 48
electrocardiogram n, 125, 126
hemodynanues, 122
physical signs, 121
radiologieal features, 125
surgieal treatment, 125
valve, bicuspid, 6
valvotomy, 125, 126
with mitral valvotomy, 127
vah;ulitis wm rheumatic disease,
5

Aortitls, syphilitic, 128
as cause of anging, 274
electrocardiogram in, 130
treatment, 130
Apresoline in hypertensian, 194
Arfonad, 7}
Arrhé'::gmias.mmcular, treatment

in cardac infarction, 261
post-traumatie, 172
Arteries, coronary, 240
congemtal abnormahties, 79
Arteriosclerosis i wtiology of
myacardial infarction, 237
Artersi:}n-venaus aneurysm of lung,

shuntg, cardiac output in, 856
Artery, pulmonary, development,

dilatation, idiopathic, 84
right, aortic origin of, 84
thrombosts, masstve, 222
transposition, 5, 25
Asthma, cardiac, 308, 370
Atheroma, coronary, 237
Atresia, pulmonary, 35
Atrial canal, §
fibrillation 1n mitral stenoss,

109
pulses in heart fatlure, 360
septal defect, 52-00
assoctated Jesions, 558
course and prognosis, 56
newlence, 63
wmerlnd physiology and
anatomy, 53
treatment, 59
typ

s, 52 o
septum, development, 52
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Atrial tumours, 175
Auricular  enlargement,
cardiogram in,
fibrillation, wticlogy, 318
course, 320
diagnosis, 318
due to hyperthyroidism, 225
effect of exercise, 319
effect of onset, 320
clectrocardiogram in, 310
n cardiac nfarction, 264, 318
m hyperthyroidism, 318
in pneumonia, 318
paroxysmal, 327
treatment, 314
prognosis, 321
treatment, 839, 313
vagal wfluence and, 318
flutter, mtiology, 315
course and prognosts, 326
diagnosis, 322
differential diagnosss from
fbration, §20
electrocardiogram 1n, 321
paroxysmal, 327
physical exarmnation m, 323
slow ventricular rate m, 320
treatment, 338, 344
tachycardia, 31549
and Wolff-Patkinson-White
syndrome, 330
1 1nfancy, 331
proguasts, 331
prolonged, 330
prophyiaxis, 347
repetitive, 320
treatment, 339, 315
with A-V bloek, treatment,
34

electro-

7
Aurjeufo-ventrieular heart bloch,

causes, 28

complete, 200

congenttal, &5

congemtal defects and, 287

dingnosis, 2

differential diagnoas from aurs~
cular fibnilation, 320

digntalis 1n, 401

due to digitahs, 399

cleciroeardiogram in, 286 of seq

1n cardiae nfarction, 26

1n sarcoidosts, 166

incomplete, 288

latent, 287

retrograde, 205

transition from partial to com-
plete, 201

treatment, 201
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Benadryl, 343 | Gareinoma, bronchiat, cardine in-
Berl-beri, l'zr\hacln\'u\\emelﬂ 163 roh t‘lllt‘lll.»!(lsa

Bernheim syndrome, 153, 393 Cardiac arrest, 2

Biog-Taussig syndrome, 20 infarction, 21

Bualocl’s oprraticn ot tetralogr age and sex incidence, 237

i antero-lateral, eleetrocanlio-

= %
mood clm\estem\ n angina m in, 2538
9

3, 271 antero-| postenor, «-lrdm-
ee Circul: in, 25°
flow 1n anzmia, 235 anters-aoptal, rloclmcnrdm-
pulmonar, 10 m in.

Iate, measurement of, 363 arrhythmins Kn, a4
pressure, age variations, 180 ! assoctated (H«“\s{-ﬂ, 210
basal, 179 | at a distance, 212
bigh. See Mypertension | Auneular, 253
wn cardiac wnfarction, 215, I Blood picture in, 216
1n coarctation of aorta, 67 !

blood pressure 1n, 215
measutement, 17 carding aneuryun | (n. 205
ormal yaniations, 178, 180 chinical picture, 2
nght auricular, 359 complication g
night ventricular, 359 dingnoses, 215
venous, estimation, 339 clmmnrdmgmpmc. 247~

n cardiac fatlure, 300

Rn_:l flow w cardiac @dema, , dllTl‘ren!hl diagnosw, 201

digatahs in, 401
volume in cardiac mdemn 33

! electrocardiogram in, 247
easurement of, 3 healing of, 213
Toay Tty v oot bufre, 375 heart block in, mw
$radycardia, 284 i hereditary factors, 23¢
sinus, 2 31 n Wolff- nrhnwn White
Brock's operation for tetralogy of 0
Fallot, 33 2
Bronchrs, careuoma, cardiac 1n- hymogram 1n, 261
olvemen lateral, electrocardios .
Bruclsabortuy ndocariitis 133 53 Fran in
Bufbo-ventricular loo

Bulbus cm-.m 4 mnrhul nmlm“y_ 211

pam ln. 2: 1

pt‘mcnrdlhi n, 246

| physical migns, 215

course 0:;\{ prognos:s, 302 pustcrmr‘, electrocardiogram

baoy
Bundle hl'?nth blm:k. 298

electrocar ] e
mmmmeﬂ’,"mm w2832 | posters fnteral, clectrocnrdor

izsom ‘ ram i, 25

gagq“m‘hng " | B romal Mtacks, 211
DB mtervat in, 202 | "Lu;llqonlo coronary occluslon,
B 50, \ al

ngm."ém“ septal, eleetrocantiogram in,
transient, 302

with anténor infaret, 257 seram {ransnminase in, 210

&ites of, 2

Cachexia, cardiac, 403 | mm n"d 239

Calclum ek ™ ! Ptom
e‘edcmz::;;n effecta gn u'nmhu-(-m\mhsm n, 2061

Carhlmzzole m hyperth)‘roldum. tmmm

after c: 2
w llhl)\l'. oct\usmn, 211
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Cardiac ontput, 351 Collagen discase, cardiace involye-
in anzmma, 234, 335 ment, 158
1 arteriovenous shunts 356 pulmunar; hypertension due
m emphysema, 355
in heart disease, 355 Congeniml dcfucts, 1-02
m heart failure, 355 xhiology, 6
1n hyperthyroidism, 224 angina pecmns in, 275
in mitral stenoss, 100 auriculo-ventricular heart
m hypothyroidism, 230 block 1, 287
in pulmunnry heart disease, classification, 1
202 L e e cyanosis in, 14
, . dtagnosis, 7, 9,
- ele’_ctmcardmgmp)uc changes,
o 0 famulial incdence, 6

' Cor biatmatum triloculare, 17
biloculare, 16

nutntiona), 163 pulmonale. See alw Palmonary
Cardioscopy in infarction, 201 heart disease
Carditis, rheumatic, 93-0 etiology, 200
clinical features, 94 digatals in, 401
electrocardiogram in, D& hypoxie, 199
prophylaxis, 93 treatment, 206
treatmcnt 07, 401 triatriatum, 17
Caronamide 1 bacteral endo- Coronary arteries, congemtal ab-
carditis, 135 normahties, 7
Carotid smus pressure, 345 cireulation, 240
syncope, 408 msumcxencv, 241
Catheterisation, cardiac, § ocelusion, mechanism of, 2

abnormal passage of catheter, 11 relation to cardrac mﬁmtmn.

contra-indications, 12 242

in atrial septal defects, 55 traymatie, 171 .

1 cor biloculare, 17 o * o

in Fallot’s tetralogy, 32

m septal defects with trans-
position of vessels, 20

mishaps, 12

Qoxsackie virus, myocarditis due

Chagas'disease, myocarditis in, 156 to, 151
Chlcrisondamine in hypertension, Cushmgl‘s 8y ndmmc. hypertension
19 mn, 182 189
Chlorothiazide, 370 Cyanosis, 372
Cholesterol, fluence n mjyocar- central, 15
ial infarction, 238 clubbing in, 16

in congemtal disease, 11

Chorda tendinz, fracture, 171
penpheral, 15

Circulation, cotonary, 240
in anemua, 234
1 myxaedema, 230 Dextrocardia, R
systenue, dcmngcmcnts 1 heart with transposition of viscera, 81

failure, 372 lamox, 379
y t L 14 Dibenzyline 1n hypertensinn, 192
e ial, 304 Dicoumtarol n cardiac infafetion.
Jﬂ'i bt
satimation o Diet, sodium-restricted, 330

ircus movement, &
(C:Xubbing mn convemta\ defects, 15
Goarctation of aorta Sece dorta,
coarctation
Cold pressor test blood pressure

recordng, 17

¢

1 Dlglt.lHS‘ action, 307

{ admintstration, 101

| agem relation to dosage, 401
contra-indications, 401

| duwretic effect, 380, 397
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Digitals, eFiect ont edectrocandion
erazy, 315
heart block due to, 390
1o aurseular Qutter, 313
in aunmlar tackreseday, ST
in cardiac 1nfaretion, 208
w beart falure, 303
wdications, 310
premature systales due to, 312
preparations, 305
toxic effects, 397
Digitaxin in heart Sailure, 308
Digoxin in heart fatlure, 596, 307
Dimeths lxanthune, 380
Dindevan 1n cardiae infurction, 370
Duodene in angocardiography, 13
Diphtheria, myocarditss in, 183
Diuresss, promation of, 37
Duuretics, 336, 378
Diuctus atteriosus, patent, 52-0
assoctated Jesions, 73
causes, 13
Course and prognosis,
dufferential dagnoss, 3
electrocardiogram m, T4
amodytamics, 15
18 coarctation of aerta, 68
W complte transposition of
vessels, 26, 27
Iigation of, 78
Fadiologeal findings, 79
¢ dilvtion curces w dentifica~
tion of shunts, 11
Dywptagen 1n mitra) stenosts, 103
Dyspates, 322
I eardiac infaretton, 244
I matral stenosis, 104
Rocturna), 364
Paroxysmal, acute, 363
<cawsation, 378
treatment, 371

Ebsteins. deformity, 48
chnzea) features, 49

eowrse and prognasis,
G 6o 0%
Electrocardiogram 1

Breolid 1y hypertension, 17 D1

!:mnmenggr eomplex, 33-%
<t 894 prognoss, 4
chintenl featur <
AFercntig) dog,

‘Tnons, 37
My and physio-
Telation o maladie de Rey
er, 21
Eertrocacd, M, effects of elpe-
trolvte changes, 341

R ANgng pectors, 250

molad anater
logy, 33
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Flectrocardiograms in aortic
stenowds, 125, 124
in airiol sptal defect, 51
2 aumeutar fhmitation, S19
in aunculsr futter, 321
10 _gurieulosyentricntar heast
bloch, 258 el xeq,
s bundle branch Block, 'é!N, an2
in candie infarction, 217
In eardiac tumours, 138
» rw\rth\lkmd(\; aotta, 4
in congerutal defects, 7
10 comatrictice pericarditis, 112
0 Tallot’s Setralogy,
in mitzal theantpetence, 116
1 mitral stenosia, 100
n myxoedema, 232
in patent ductus, 73 N
m pulmonary keart shsase, 205
in pulmonary stenoen, +1
1 rheumatic carditis, 08
n sy phulilic sortitis, 130
u~ophageat tead, 304
Electrolyte changes, effects on
electrocandiogram, S84
m heant fmiyre, 375
Embolism, puthinonsry massive, 220
Pwpl;) Inxis, 222

trentment, 222

Emotion, effect on blood presyre,

T

Emphyserna and anosic cor pul.

mionale, 200
carhiac gutpat in, 135

Encephalopathy, hy pertenstve, 186

Endocardial cuchion  defiects
Atrad sepinl defect, 5

Endocardutls, bactcrnd, 1
after cardwue surgery, 1
Age nnidence, 132
chnical features, 134
mlecting organtsm, 143
leston w, 142
mvocardial lesians, 131
pathalogy, 132
Prophsians, 130
Fenal lesasons, 134
sex neidence, 112
treatient, 13¢

i xysl;&lc Jupus erythemato-

verrucond, 166
Endocardiym, fihroelastoys, Ry
fibrous, 162
Endarayocardiurt, Rbrowms, 162
Enterococct and bactenal  endo-
earditys, 131
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Entrance biock, 313

Erythrocyte sedimentation 1ate in
cardiac wfarction, 210

Ethyl brscoumacetate m cardiac
infarction, 270

Exeri('_se. effect on blood pressure,

i
1n auricular fibrilation, 319

Fallot’s tetralogy, 20-34
chinical features, 30
electrocardiograinan, 7
operative treatment, 33, 33
wdications, 33
pathogenesia, 30
squatting posttion adopted 1n,

Fibriliation, nuncwar. See Aun-
cular fibpllation
Fibroelastosis, endacardial, §6

Fibroma, cavdiac, 174
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Hmr}.vnhn gement, m anemi, 283

in myxaedema, 239
farlure,” 333408, Sce alsp Car-
thae arrest
aleohol in, 104
atrial pulses in, 360
blood volume in, 357
body flnd changes, 375
cachexin n, 463
clrgy.],amry derangements m,
2

areulatory rate in, 364
congestive, chmeal features,
2

du‘(‘: to  hyperthyrordism,
226

in cardac mfarction, 263
m myxcedema, 233
diet in, 10}
dvspneea 1, 363
effects, privary, 35[*]»(]5
6

¥, 3651

Fibrositls, di
from angma pectorts, 277
Fibrosis, endomyocardial, 162
Fick principle, 16, 353
Foramen ovale, patent, 52
at

Friedreich’s xia, cardmc n-
volvement, 170

flattow v <

1, B .

LR
73,

Gitalin m heart faiture, 306

Glyceryl trinstrate in angina pee-

toris, 278

suituur 1n patent ductus,
77

Hemochromatesis. cardiac man-
festations, 1

Hemoptys:s 1n santral stenosis, 105

Hammqn-lhch syudwm‘c"mﬂ'

effusions in, 376

electrolyte changes, 393

emphysematous, treatment,
205

baemedynamics, 360, 394
1 anenua, 236
1 carditis, 96
Ieft-mded, 361
hiver changes, 362
morphine i, 403
orthopnesa i, 367
precipatating causes, 393
prognosis, 408
pulmonary cedema in, 369
pulsus alternans in, 389
rest in, 403
rhytlum in, 304
tachyeardia jn, 306
tobaceo in, 103
treatment, 303

after treatment, 103

diet, 464

v 5 403

Heart, See Cor
block, auricalo-ventricular. See
Aurteule-ventricular heart
catheterssation. See Catheten-
sation, cardic
congenital  defects.
genital defects
development, 3
dextroposition, 81
disease, ischemic,
angina, 274
ulmonarys
Pulmonary

See Con-

as cause of

0-223,  See
fieaxt dicense

massage, 405
oxygen therapy, 378
urine i, 383
venesechion in, 3Bt
venows pressure 1o, 360
ventricular, left, 338
right, 302
<itanuns , 105
hypertrophy i hvperthy rosl-
3, 225
w anemea, 231
infarction, See Cardiac infare-
tion
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Heart, ifections, 03-121 .
1nJunes, non-penetrating, 171
‘Penetrating, 174
output. See Cardiac output
pressure, normal values, 10
rupture 1 cardise nfarction,

tnlocular. See Cor biatraatum

n
wounds, 171, 174
Hepanin 1n carduac infarction, 260
Hepauds, infectious, association
with niyocardits, 154

415

Hypertension, pulmonary, in
patent ductus, 76
sohtary, 213
renal fschrmia and, 180
vetinal changes, 185
sexual varation, 183
sodium Intake and, 153
symptoms, 185 ~
h{‘x"m?mh\ of pregnancy and, 187
{reatment, uﬁ“-miml
complications,
vontrnmalar changes, 181, 185
ventricular pressure in, 11
Hyperthyroidism, auricular flbnl-
Iation in, 318

m hyp

189

Huatus hernza, differential dingnosis
from candiac 1ofaretion, 202

Hydrallazine i hypertension, 101

Hydrothorax i heart failure, 376

Hypercalemmia, effects on electro-
cardiogram, 397

diain,

cardiac
digitaha in, 401
effect on peripheral eirculation,
2
heart 1n, 221-0 -
m angina ['\('ctbriq, 223
masked, 220
tachveanhia in, 307
Hy b

I
Hyperkalemia, effects on electro-

am, 333
Hypersensitivity myocarditis, 159
Hypertension, 176-9%

xtiology, 150

Bernheim syndrome 1, 183

<clinieal features, 184

coalrscla(mn of aorta and, 183,

oM pressor test, 179
nsis an, 160

3, 1660
encephalopathy 1n, 186
treatment, 196

grading of, 187

Dereditary factors, 163

Ta penarteritis Dodosa, 159

lower blood pressure levels for,
180, 1

treatment, 186
neurogenic causes, 18:
phaochromoeytoma

Post-partum, 188
Pressor subsfances in, 144
‘Pulmonary, 212

1diopathie, 213

30 2imal seplal defect, 50

n emphysema heart duscase,

1 maladie de Roger, 19

3
and, 182,

e barrage, 5%

de surcharge, 53

Hypocalczemia, effects on electro-
cardiogram, 337

Hypoglycemla, angpn in, 275

Hypokalremia, effecta un clectro-
cardiogram, 3513

Hypotension, postural, and syn-

cope, 408
Hypothyroldism,  cardivsascular
effects, 22!
Intarction, cardiac.
nfarction
Influenza and myocartitia, 150
Interatrial septum, patent, 13
Interference Eminl:mllnn‘ 205
Inversine In hypertension, 191
line, radioactive, indicatioms,

Ser Cariac

Ipecac, vagal stimulation by, 336
Kidney discase and hypertension,

Kymogeam In cardiac infarction,

L 174

Liver function test 1n constnctive
penicarditis, 145

m constnetive pericarditis,

In hoart fathuee agg Tt 145
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Lung, aneurysm, arterio-venous, 83
carcimomatosis involving lesser
circulation, 176
metastatic, 175
cyshie dwscase, cor pultnonale
due to, 200
fibrosis, interstitial, pulmonary
heart discase due to,
cedema, 1n heart farture, 36¢
Lupus erythematosus, pulmonary
hypertension n, 218
systemic, cardiac complica-
tions, 160

Magnesium  sulphate m  tachy-
cardia, 347
Maladie de Roger, 12, 18
eltmeal features, 19
operative treatment, 21
prognosis, 20
Marfan® d dwith
dilatation of aortic sinus, 24
Mec:}r;xlylnmine w hypertension,

Mersalyl, 376
Iy "

InpEx

Mitral valvotomy, post-operative
complications, 114
1esults, 114
valvulitis, n rheumatic discase,

Morphine 1n heart fatlure, 103
Murmurs in nitral stenosis, 108
systolic, 1n anmia, 238
Muscles, dystrophy, progressive,
cardiac 1nvolvement, 170
Myocargdial celf, failure, 387
degeneration 1n anenua, 235
mfarction. See Cardiac infarc-

tron

Iyocarditis, 153-7

bacteral, 155

blood pressure in, 154

due to hypersensttivity, 159

1n diphthera, 155

i infectious hepatitis, 154

n poliomyelitis, 153

1n rickettsial disease, 154

in scarlet fever, 155

i systemic lupus erythema-
tosus, 1

mt I

o

in hyperthy,

29!
Methonjum compounds mn hyper-
tension, 189

Methoxamine in auricular tachy-
cardia, 347

Methyl thiouracil in angma pec-
tors, 27

Mictine, 379

Mitral incompetence, 115
differential diagnosis from

mutral stenoss, 104

surgical treatment, j3 ¥
symptoms, 104-15
valve, calcification, 113
dnease, 99-110 !
calvotomy, 112
combmed with aottic valve-,
tomy, 127 '

p 53
i trichiniass, 156
1n trypanosomiasis, 1506
puerperal, 157
virus wtiology, 153
Myocardium, diseases, 14777
lesions in bacterial endocarditss,

Myotonia atrophica, cardiac com-
plrcations, 16
Myxcedema, angina pectoris an,
233
eardtovascular effects, 229
electrocardiogram n, 232
induced by radotodme, effect
on heart, 23
Myxoma, cardine, 174

Neogermitrine 1n  hypetrtenston,

' Neomercazole in hyperthyroidism,
29

Nephrectomy 1 renal hyperten-
sion, 182

Nodal rhyvthin, 251

Nutritfonal cardiomyopathy, 163

Obesity, pulmonary heart disease
due to, 2

Edema, cardiae, 373
mechaical dramage, 383
renal causes, 374
\yenous pressure w, 373




Invrx

Edema, carduc, treatment, a3,

o
Esophageal lead, 305
pam, differentiat duagnosis from

pectorts, 27
p)’ud\ d\ﬂern\(\'\\ lll:\y:mmi
from cmhac infarction, 27

Orthopnees
0 10t ventrieular farlure, 359
m muteal stenosis, 105

Ostial stenows, syphilitee, 120

Ostum pamum, perstent, 52, 5%

persistent, losure of, 59
secundum defect, 5
Ovrgen saturation in Jeart failure,

lhemg\-lncardmcm(nrctlon.ﬂlh
Tailure, 372
m pulumonary heart dsesse,

Oxygenanon, increased, 1 con-
gemtal defects, 11

P-R mterval, prolongation, and
surioulo-ventricular heart
pricule

Papillary muscle, rapture, 171
Pm;zg(esu in cardie cdema,
Parasystole, 313
wroxysmal aunicular fbrliation.
num:ular flutter, 327
tachycardia, 326
Pemprcine tnmrate mn hyperten-
s10m,
Pﬂ\lt‘min ln ‘bacterial endocar-
dibis, 13
n cardmvmacular syphikis, 130
pmpgy;laxiu m rheumatic fever,

Phenoy e

N7
Perlcantitls, constnotive, ssmp-
toma and signs, 112

trentment, 145
effect on electrocardiogram in
carduc infarction, 260
iwopathic, Bl
m c‘:n]mc snfarction, 218
in rheumatic earditis, U3
jn systemic lupus erythamar
foeus, 100
prmary, 1360
traumatic, 192
tuberculous, 135
rogn
treatment, 130
Pericardium, calaification in con-
strictive |n-ri:'nnht|<
{ramnatie injury, 171
Perolysen in h)’)wrh‘n_u(un, 10
Phzochromocytoma, h)porlnn-
sion due to, 182,

onime hun-rh n
sion, 182

l"hen\\lnd.mdlont in cardine in-
27

L , 27
Phospheclipids in myocardial in-
p

arction, 274
Pick’s disease, 140,
dites, constrictive
Pichwickian syvndrome, 2
ma proteins in cardinc adenna,
373

See Periear-

Prieamomediastinum, differcntial
diagnosis from cardiac infarc-
tion, 262

Pneumothorax, differential ding-
nmliﬁfmm cardiac infaretion,

20

TPoliomyelitis, myecarditis in, 153
Polyarteritis nodosa, pulmenary
hiypertension due £o, 218

189
with l;;mn!ﬁa 0 hypertension,

Perurtenitis nadosa, cardiac in-

volvement, 159

Pericardial eﬂuslon n hypothy-
Toudusm,

Pericarditis, lxs-m
acute non- xpen.ﬁc, 126
benign, 1

treatment 138

conilncﬂ\'c, ztiology, 1
Auffeve d;a;m?;m s

clubbing in, 15
rmure. effect on blood pressure,

Potassium, admmustration with
diptalis, 797
changes, cifect on electrucardia-

deficiencsy, cardioms opathy dite

perdﬂnrnle, in hypet thyroidism,
l"r!cordlal leads, 240

Preguancy and ~ coaretation  of
aorta, T

heart lmlurc . 157

mutral vah ot e, 114
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Lung, aneurysm, arterio-venons, 83

earcinomatosis involving lesser
circulation, 176
wetastatie, 178

eystic dwsease, cor pulmonale

ue to,
fibrosis, nterstitial, pulmonary
heart disease due to, 210
cedema, in heart failure, 369
Lupus erythematosns, pulimonary

INoex

Mitral valvotomy, post-operative
compheations, 114
results, 114
vahvulitis, in rhenmatie dwsease,

Maorphine m heart favure, 103
Murmurs in nutral stenoss, 108
systohie, 1 anremia, 236
Muscles, dystrophy, progressite,
cardiag mvolvement, 170
celf, farlure, 337
ton m anamm, 233

hypertension in, 218 Myocardial
temic, cardiae 1 d
tions, 180 infarction.

Magnesium  sulphate in tachy-
cariia, 317
Maladie de Roger, 12, 18
climeal features, 19
operatrve treatment, 21
“px?gn.nsm 20

See Cardiae nfarc-

ron

Myocarditis, 153-7

bactennl, 155

blood pressure in, 154

due to hypersensitinity, 159

mn duphtheria, 165

n wnfectious hepatitis, 154

n poliomyelitis, 1
| in rackettsial diseage, 154
m searlet fever, 165
m systemic lupus erythema~

I P ,
Mersalst, 376 tosus, 16
A 1 hyperthyroidism, mt )?

228 m trchimags, 158

Methonlum compounds m hyper-
tension, 189

Methoxamine o auricular tachy-
cardia, 347

Methy! tluouracil an angina pee-
orns, 279

Mitraf incompetence, $13

m trypanosomiasis, 158
puerperal, 157
v e

Ayotonia atrophica, cardinc cont-

pheations, 169
, angrea peetons i,

dufferentia goosts from
nuéeal stenos, 104
treatment, 116
stenows, anatomieal and physio-
logical features, 9
angna pectons in, 2756
Qufferential diapmosts frotn
wmiten} ihcompetence, 104
electrocavdiogram in, 109
heemodynamics,
tn  assoctation wrth
septal defect, I8
mueniues i 108
physical zigns, 108
rachiological features, 111
sze of onsiflce in, 100
surgieal treatment, 132
symptams, 103-18
valy e, ealasfteation, 13
dusenac, BO-119
valvotomy, 112
combined with aortc 1abo-
tomy, 127

atrid

My
233
cardiovasenfar effects,
electroeardiogram m, 232
duced by radioodine,
on heart, 231
Myxoma, cavdiae, 171

299

effect

in hyperfension,
Neomercazale in hyperthyroudin,
228
) Nephrectomy » rennl hyperten-
ston, 152
Nedal thythm, 254
| Nutritional eardsomvopathy, 163

!

! Neogermitrine
! 104

}

Obestty, pulmonary heart disease
due fo, 2
@®aema, cnrdiae, 37
mocbamen} deatnage, 353
senal erses, 371

‘
\
i Yenous pressure m, 373



IspEX

RS-T duplacement 1 candiac 0=
farction, 218
Rubella, maternal,
efects, 6

and cardiac

Saliylates 1n rheumatic carditis,

7
Saluric, 379

410

uill in heart failure, 308
g:larllng 'a law of the heart
Stokes-Adams’ syndrome
clinical r.m;.m. 29
treatment, 21
Stomach, pin, difercntial dlag-
nous from angina. peetoris

due to,
203 l

infection and rheu-
malie hc'lﬂ discase, 03

t, 109
Sarcoma, cardiac,
Scarlet fever, m\‘omnlxll! due to,
155

calis, mlv‘ in bac.
trrnl end! ocnhhlh 133
riridana, role in lacterial endo.
c’\rdl(h. 133

heart
disease due to. 217
SCl!l‘de. cardiac myolvement,

pu\monary hypertension due to,

in bactenal endos
“carditis, 131 R
Stress and canline infaretion,
Strophanthin in h(nn failure,
Summation gallop, #9
Supraventricular tachy cardia, 324

230
0

al\ H. ab-

ormali

Septal Qafoct o Fallot's tetralogy,
30

sath transpowtion of vessals,

Sq:m;n.2 nurtlc, congerutal defects,
ao?fx'm'puhnom
interatrial, p:ltcnt. 3

n

Sy n hypertension,

5

Syncope, §08
eardiogenic, 107
carotid sinue, $0%
1n aortic stenosis, 124
in cardiac infarction, 215
n Fallot's tetralogy, 31
mechanisms in, §
tussive, |OH

cardiac infaret, 1on, 263

\‘tntm:ular, 1solated defect, 18
Serotonin,

Shv.m!s, cau
ldennﬂeauon‘hy dye dilution

Left to nght, 11

reversal ;n pateut duc!lu, 77
nght ta left,

nihrome i cardiat mfzrclmn,
Sinu-auricular {achgeardia, 5007
Sinus bradycardia, 28

of Valsalva, aneurysm

4
Sitostero], effect on cholest
level, 239 chelesterol

Situs inversus totalis, 81
s«umEn intake and hypertension,
testriction i cardiac
et odema,
retention 1n heart, failure, 37
Spondylosis, cervical, dlﬂ'r'rentml
dmous from ‘angina. pocs

Sq\nnl‘ng pmnm m Fallot's tet
Ta)

Syphilis, cnnlm\mllar, 123.31
chimcal features, 1
Syphulitic aneurysm, l"'J
aortitis, 123
as cause of angina, 27§
electrocardiogram in, 130
treatment, 130
Systoles, premature, 300
oy |

r,
multiple, 3!"
differential diagnosis from
aunieular  fibnllation,
320

nature of, 312
nodal, 310

symptoms, 314
theory of Fesentry, 313
treatment,
\cnlncular 31
treatment, 518
T-wave, effect of dmlnln Jom. 108
in cardiae imfaretion,
Tachycarq, L
Angina pectons . 975



418

Presida) in hypertension, 191

Presser substagces, rala tn hyper-
tension, 180

Pressure, cardine, normaf vatues,

Probenecid in bacterial endocar-

itis, 135
Prf)cai‘tlxc nmid\}. e'ﬁbcts, 342

0.

104 - ’
Puerpertum, hypertension in, 188
- myocarditis m, 1@7 )

atresia, '35

blood flow, 10

crculation, disorders, 199-223
disturbances 1 heart fuslure,

5
embalizm, massive, 220
prophylaxis, 222
repeated, 220
treatment, 222
heart «disease, 109-233
wtiology, 200, 208
cardiac output 1n, 202
chinicnl features, 203
Que to collagen hsease, 218

due to cystic disense of

Jung, 2
Que to mterstitial fibrosis of
bang, 2
due to obesity, 211
due to sarcordoss, 208
lustosomiasis, 217

Ixpex

Pulmonary stenosis, with trans-
position of yessels, 29
with y entricular septal defect,
&
thrombaosis, massive, 222
valve, bicuspid, 62
\‘uscl;l‘:;r disease, Lgpertensive,

resis(ﬁnce, determination of,

veins, anomaljes, congenital, 8§
transposition, 39
Pulsus alternnns, 288
nature of,

Q-wave in cardiae mnfarction, 247
Q-T interval in infarction, 250
Quick test, 270
Qunidine, effects, 339, 342
In auricnlar futter, 344
in auricular tachycardia, 316
in cardiac tnfarction, 268
intravenous, 311
methods of admmstration, 340
serum levels, 310
toxic and allergie effects, 340

' Radiography of congenital defects
13

| Rawwolfia serpentina in hypertens
sion, 192
side-cffects, 163
Reciprocat rhythm, 2903
Renal sschiema, hypertension due

ta, 15
Resins in rebef of eardine dewa,
2
Respiration, increased, in dyspnoen,

Retina 1n hypertensian, 185
Rh. cardme, 174

ue to 2
electrocardiogram in, 203
pathogenests, 201
treatment, 265

adema, treatment, 196,

1s01ated, so—ta

)

Rheumatit carditis, 83-9
clinical features, 94
f digitahs i, 401
electrocardiogram, 06
prophylaxis, 83
treatment, 97
Rhythm in heart falyre, 364
rectprocal, 205
Rice diet in hiy pertensiop, 101
dssense, myocardilis 1n,

clintea] features, 40
Mhpmodynamics, 89
indications for operation, 45
morbid anatomy, 39
operative treatient, 44
pulmenary pressure in, 11
with closed septa, 1

154
Roger, maladie de, 12, 18
elinteal features, 10
operatrve treaturent, 21
prognosis, 20
Reoticton, 376



IsnEx

RS-T disphcement tn eardiae in-
i, 248
Rabells, matermil, and candiac
defects, 6

Salicylates fn theumatic carditis,
9
Saluric, 379
Sarcoldosss, or pulmonale due to,
05
myorardial involvement, 165

Sarcoma, candiac, 171
Seale fover, myocaribtss due to,
53

419

uitl in heart failure, 300
g?,rung'- Iaw of the heart, 350
Stohes-Adams' s3ndrome,

clinical features, 203
treitment, 201

Stomuch, pain, differential ding-

nosis from angina peetoris,

278
Streptococcal infection and rheu-

matic heart disease, 93

Streplucocrua (amhn, rle in bae-

tenal endocarditis, 124
virdans, in bactenal endo-
earditi
o

2

pulmonary heart
duease due to, 217
Srler;‘;i;ﬂm- cardineiny olvement,
pilgonars ligpertension due fo,
19

Semmulunar valyes, ab-

in bactenal endo-
carditiy, 134

Stress and canbiae infarction, 239
Strophanthin jn heart failure, 308
Summation gaflop, 3031

normalityes. 61
Septal defect1n Tallot's tetralog,

with a(;znipmlhun of vessels,
Septumn,
S, e, congenital defeets,

s0rtico-pulmonary, 5

Imteratnal, patent, 43

interventncular, perforation 1n
cardtac mfarction, 263

Ventneular, 1solad
Sovenedlar, solated defect, 18

Shunts, causes, 13
Wentification by dye dilution
funves, 14
1;“, to ?zh(, 11
Sersal in patent, ductus, 7
Sutht to Yeft, cayses, ;.‘5“‘ N
throme 30’ cardiae nfarction,

i
Stnu-auricutar ¢,
achveandia, 306-7
s,:\;‘\ Dbradyeardua, Bg e S0
Asalya, aneurysm of, 2t
s\ms;::lx,égm on cholesterol
S .
S, :msu‘: totalis, 8
1

f "otake and D3 pertension,

Test
(l’lac‘t(!‘on n cardiac erdema,
Telention n 1, 7
s eart failure, 375
Pffndﬁm‘ eervieal, dmun’n‘t’ml
St 277 O™ Sngna pec.
WNUAE Bosion 1m T ttar. s s

n

Suprasentricutar tachy candia, 3(2\
S .

105

Syncope, 406
candiogenie, 107

carotid sinus, 40%

in aortic stenoas, 121

m cardiac Infarction, 213
in Fallot's tetralogy, 31
mechanisma in, 107

tussive, 104

sasomotor, 407

Syphills, cardioyaseular, 12% 31

eltmenl features, 123

Sy philitic aneury em, 129

aortitis, 128
as cause of angina, 274
electrocardiogram in, 130
treatment, 130

Systoles, premature, 309

retiology, 312
aurieutar, 310
multiple, 312
Aifferential diagnosss from
auncular  Bhnllation,
320

nature of, 312

nodal, 310

prognosi, 314

svmptoms, 311

theory of re-entry, 313

treatinent, 314

ventricutar, 311
treatment, 318

T-wave, effect of dimtalis on, 398

n cardine tnfaretyon, 2 40
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InpEX

Tachycardia, auricular, 31549
and

Wolll-Parkinson-Wiite
syndroine, 330

in infaney, 331

prognosis, 331

protonged, 330

prophylaxis, 247

repetitive, 320

treatment, 339, 315

with AV black, treatment,
347

in hyperthyroidism, 224

1n rheumafic earditis,
paroxysmal, 326
pulsus alternans 1w,

95
390

repetitrve, 320
simt-auricutar, 306

1n anxiety neurosis, 307
in heart farlure, 308

in l\}-porimulmmmm, 307
10 hyperthyroidisu, 307
in infection, 300

n penphberal e culatory fail-

3
s\xpm\‘ent{'lcldn!‘, 328
ventricular, 331

etiology, 333
bi-directional, 332
treagment, 3
clinteal features, 332
due to digitahs, 300
in cardiac snfarction,
prognosts, 335
repetitive, 332
treatinent. 294, 318

264

Faraponade, 174, 360
Tetraethyl ammonmm bramde A

Tetralogy of Fall

-

£}

~'nrombosts, 2

ptmanan

L

hypertenston, 189

te}rq}ogy

37

wiully avd
heart in, 2249

H e
in angan pectoris, =24

ot See Fallot'a

Th)mig ;’h‘y—pcrthyroulism,mnskcd‘

tachycardia in, 307
hypothyroidism, eardiovaseular
cffects, 220
indications, 227

Thyroidectomy,
cardiac output in,

Thyrotoxicosls,
353, 35

“Tobacco tn heart faiture, 105

Tuxuplgsmosis,myucnrdnis dueto,

5
“Fransposition of vessels, 23
complete, 26
corrected, 26
partial, 25
theones of rausatton, 25
with patent ductus, 27
with pulmenary stenosss,
with septal defect, 28
Traube-Herng vy €S,
blood pressure, 178
Traumatic iscase, 1714
Trichiniasis,mvocardits ucto, 156
Tricuspid atresia, 5
electrocardiogram 1, 7
discase, 119
ncompetence, 121
stenosts, 11
yalve, Bhbstein's deforuty, 7, 48
valvotomy, 120
Triiodothyroacetic acid, effect on
cholesterol level, 230
Tromexan sn cariag nfacction,
270

20

effect on

[

133
affectiag
350

Tubercutous pericardstss,
Tumeonrs, non-cardiacy
cardiovasenlar system.
primary, 17
secondary, 178

Typhus, myocarditts 11, 154

Ylona 7

vagus, stimulation by 1pecac, 38
valsalva  manouyTe, ¢ ect  on
' lood pressurc. 17

|, soas of, aneurysm ofy 21
vatsatomy for aortic stennsis,

| 126

| for Trtral stenoses, 12

125,
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 atvotomy, for tetralogy of Fallat,

Veuss, thoracte, enomalous, ¥3
transposition
Vepacava,left nupmor persistent,
1]

Yeneséction in heatt fifure, 301
Yenous pressure, estimation, 359
\entriclet- nlmure m canfie in-
10m,
\tnmmllr enhmemcn!
cardiogram
fature tn hypmemmn 185
left, 388

lectror

nght, 302
fibritation, 335
atlogy, 3, 339
Quring cardiac surery, 333
tn carduac infaretion, 263
spontancons, 336
treatment, 203, 349
\wpeﬂrnphy m b pertension,

premamm Teats due 1 3
talis, 399 o o e

!
{
|
|
I
|

|

septal defect 1 complete trans. .

position of vessels, 25

n patent duetue, T

m transpositn of great
veela, 2

wolated, 1%

!

|

\

Xanthine

421

Ventrlcular septal defict, with

WIMORATY Stenoes,
standshill, treatment, 204
inchvearta, 33t

mtiology, 113
bi-dereconal, 332
treatment, 349
cYinien) features, 302
due 1o digitals, 330
n cardine Infarction, THY
Prognoats, n L,
repetithy e, 332
Areatment, 201, 1%
er:mum vride in hypertension,

’erﬂold fn hypertension, 1011

(rus disense and myocarditis, 157
Vital eapacity i heart faifure, 66
Itaming in heart fadure, 105

Water retentwon in tantine indema,

Wenckebath peried, 53
Wolfr- l‘ark!mun-\\hllenndmmv

30%
auncylar tachyeardin in, 330
cardine tnfarction in, 239

denatives,

dretic
effecta, 350



420 INDEX

Tachycardia, auriculsts 815-49 Th; 'rond h erth R
e thmm‘“ e Y Yp yrowdism,masked,
syndrome, 3 tnc)n cnmn n, 307
in infancy, 331 by pothvmxdlsm, cardiovascular
prognosis, 331 ofnote 000
prolonged, 330 "
pmphvh‘us. 347

repetitive, 320 VU, SI
treatment, 339, 315 Tobacco in heart failure, 405
W 1t‘1:3 ‘}I ¥ Wlocks treatment, ‘Toxopi]:_:smos]s,myocardltis dueto,
15,
in hyperthyroidisme« 224 Transposttion of vessels, 25
in theumatic carditis, 95 complete, 26
paroxysmal, 326 corrected, 26

pulsus alternans in, 390 pattal, 25
Tepetitive, 329 theortes of causation, 25

sina-auricular, 306 with patent duetus, 27
n anxiety neumcli. 3807 with pultnonary stenosis, 29
1 heart failure, 306 with septal defect, 28
in hiyperinsulinemnia, 307 Traube-Hering waves, effect on
m hypcrthyrouh:mv 307 blood pressure, 178

1 wfection, 300 Traumatic disease, 171-4
in penphcml C"gulator‘y fanl- | Trichinjasis,myocarditisdueto, 156
re, 306 Tricuspid atresia, 50
supm\enmcuhr. 398 electrocardiogram m, 7
ventneular, 331 discase, 118
wtiology, 335 tncompetence, 121
bi-directional, 332 stenosis, 119
treatment, 340 - T T
chinical features, 33-
due to digitahs, 399 - !
in cardiac farctron. 264
prognoesis, 335 N
repetitive, 332 27
treatment, 201, 348 Truncus artertosus, 4
persistent., 2

Tamponade, 174, 360
Tetraethgl ammeonmm bromude n Tr)pnnnsomusis myocarditis due
hypertension, 189 to, 156
Tetrnlogy of Fallot, Sec Fallot's Tuberculous pericarditis, 138
tetral Tumours, non-cardiac, aflecting
'rheopmmne. 380 cardiovascular system, 176
Thiomerin, 377 | prmarv, 17
Thiouracil, indications n byper- | . secondary, 175
thyrordism, 228 ’ Typhus, mvoearditss i, 15¢

Urea, duretic effect, 380

Urghnin 1n heart failure, 396
Urine in henrt falure, 383

| Urticaria, assoc1ation with cardac
infarction, 210

Vagus, stimulation by ipecac, 316
Valsalva manaavre, effect on
blood pressure, 170
stnus of, aneurysm of, 24
Valvotomy for aortic stenosis, 123,

LoD, Lat
heart i, 224-0 297
in angina pectoris, ==

126
for mitral stenosis, 112
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Valvotomy, for tetralogy of Fallot,
33

Veuns, thoracte, anoumlumz. B8
transposition, 89
Vena cava, loft supenior, persistent,

Venesection 1n heart failure, 301
\enous pressure, estrmation, 359
Ventrcle, rupture tn cardiac in-
farction, 203
Ventricufar
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Nentricular eeptal defect, with
pulmonary stenosta, 4%
standstill, treatment, 20t
tachy rnnlm. 311
wiiol 315

hhhmliunnl R
treatment, 318

due to digtahs, 7
in canline lxnrm

electro-

repetitive, e

gas 18

nght, 302
fibnilation, 336
aiology, 333, 330
during cardiac surgery,
1n tardtac infarchion, 2
spantaneous, 330
treatment, 291, 319
hyppﬂl:){\l\y 1 hypettension,

premature beats due to dim-
talis, 300
xeptal defect 1n complete trans-
position of v essels,
in patent ductus, 6
m lkmspos\\mn of great
vessels, 28
1solated, 18
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Veratrum \'Indo ln hypertension,
104

\emom n hy pertensian, 104
Virus disense and myoeardis, 1573

Vital eapacity In heart fatlure, 306

Vitamins in heart farlure, 403

W, .ner r(lcmmn incardiac andema,

Wenckebach pertonl, 250
W olﬂ l‘.\rklmon- White syndrume,

nuncuhr tachycardia in,
cardiac wfarction in, 2;
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Xanthine derivatives,
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effects, gw



