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PREFACE

Ix preparing a fourth edition the opportunity has been taken to
se-wnite the book entirely. Apart from the possibilities olumprove-
ment in arrangement and exposition, the considerable increase
1n knowledge dusing the last ten years makes this necessary,

As in former editions, we have tried first of all to heep in mind the
needs of the genersl practitioner who wishes ta keep abreast of
this subject; as well s those of the student working for higher
exammations, and the seeher after academie information, As we
said in former prefaces, some matters which may now appear to
be academic may become the commonpiace of ordinary knowledge
1n a few vears. In particular, emphasts 15 laid wpon the early
recogmtion of disorders, and upon their treatment.

As the title imples, a book of this sort amms at putting forward
the newest information. In order to make th intelhgible it has
been necessary to include a survey of older material.  The result
3s that a fairly comprehensive discussion of cardios asgular diease
has been undertaken, But there lias not been roim for cettain
topics, and some are dealt with more shortly than 1 ordinary
textboohs

The theme that runs through the book is the importance of the
health and efficiency of the heart musele. 1t 15 1n respeet of this

that all the various lesions and conditions that may alfcet it are
considered.

Congenital defects arc considered first. They are classified,
as far a5 may be, on a basis that refers to the stage in the develop-
ment of the heart at which thaw arm = 1 0
than the broad division into *
the oxygenation of the bloow _ T e e s iy ne lor
climical purposes.

It is conventent to consider all the infections of the heart
together; they have so much 1n common m tt
their effects on the function of the heart. Libman-Sack’s dseas

comes n here as a well defined entity. These infective pmcc;s "
hink up with pericardial disease; the special effects of the ES
stricted sac on the eireulation have been of great interest mc:;:;

heir pathology and

v
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PRERICE it
whole does not ment this designation fn relation to general medi-
ame, Progress 1s rapid and knowledge is aceruing fast, for the
modera methods of intestigation by intracardise eatheter af the
output and s enaus Jressuze, has opened up a large l‘u-)d.. the opy
from which nre hardly yet ripe for reaping. The possible réle in
the derangement of renat function in the [mumgcncv'li of crdemn
and ehanges i Hood volume are probubly the fiest stefs i somes
thing of considerable importance.  But muels s in the melting
pot, nnd at this Juncture one can only suramse the effct of many
results and speculate on the les of Ruture advances, Hut there
is no doubt that great progress is likely tn be made in the next few
years as all the available data are checked and correlated. The
difficulty Ires in their complexity and multiplicity, Tvea much of
what was thought to be certn fact about the artion of digitalis
may vequre revision.  From the fetter understanding of the
treatment of heart fafure comes further insight into its nature;
the same applics to the crreulatian 1n general, and in particular
Yo recent work on the retention of camman anlt 1 the pathagenesis
of odema,

Vascular diseases need 2 ehapler, and there 15 a grox! deal gew
w the methods of investigation,  Penpheral failure is stifl eon.
stdered apart this 18 st the moment conventent; murle uow
work on wound shock has lerd ta valuable mformation denved from
war casuatties.  OF the medieal side ese 18 kusown s ot a fitore
date it should be possible ta synthesize the plicpomens of fmbute
at the penphery with fallure at the centre,
more bkely to unite than diswdle.

In thes edstton cardiograms are for the mast part consudered
with the topes to which they refer. Ia place of the ofifer mateniat
i‘:‘:“\;“ ‘M‘; mehuded a fesymé of the suodesn ideas which scek

plan all the features of Y enrvr Yy e mathematical
f;?:::“m of electrophyucal changes. This g tep in the nght
ion, and will prove af absorbing interest ; far the nevt atrg
to patholomical change s short  But th ¥

e mathemnaties are alntrse
and the phystes conplicated for the ordimary phyuenn, T

theoretical approach needs to be hinkerg up with the practieal reault.

of the new methods of precordial feads and unipofar l;-rh;; t .
a chapter 1s devated to these mattrrs, There 1o o dombt ‘t;.'n‘:’tlw
use of mutteple chest leads has added to the precision wih whnl;

Further progress n
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last decade. Hypertension requires a long chapter. Much pro-
gress has been made in our knowledge of the effect that changes
in the intrarenal circulation have on the circulation as a whole.
How preciscly these start is still a mystery; the treatment of
the disease still awaits benefit from the new diseoveries. Effective
though lumbar sympathectomy may be in certain cases, it is really
only palliative. The true cure, and more important, the prevention
of this common disease, are still obscure. The speeini features of
the cardiovascular derangements met with in thyrotoxicosis,
anxmia and pregnancy, and vitamin defictency are considered
together. In the first thiouracil preparations have offered possi-
hilittes of the control of the activity of the gland ; mn the second,
the pecuhar circulatory changes have aroused further mterest
lately. Affections of the pulmonary circulation now have a special
chapter. The mcidence and effects of pulmonary infarction are
the subject of an important advance i knowledge. There 1s no
doubt that m the study of this part of the cireulation great
progress 1s to be expected,

Disease of the myocardium has a special chapter: this 1s a
matter on which one may awnait greater correlation between morbid
change and morbid function; there is still much to be learnt
about causation,

1t has been found convenient to consider together m the chapter
on Tachyeardia the aircus movement and the ectopie disorders of
thythm. The trend of progress here is to link them all togcther,
and the fact that they have so much in cornmon in their causation
and effect, helps this approach. Disorders of conduction and vagal
slowing are also taken in one chapter, under the heading Brady-
cardin, although reduction n rate 1s uot necessartly o feature. In
these matters agam, synthesis rather than schism scems to be
the modern trend, “Entia non sunt multiplicanda practer
necessitatemn.”  This prnciple of Wilham of Oceam has guded
also our discusston of derangements of the coronary circuiation,
whether the deficiencies be transient or permanent, where the
frequency of vasomotor disturbances 1s attracting more and
more attention,

The account of the progress in the study of the hemodynamics
of heart failure has bad very special attention. This is a true,
actively growing point of knowledge ; not that Cardiology as «



PREFACL i
whole does not menit this designation in relation to general "‘“‘:"
cme. Progress 1s Tapid and knowledge is aceruing fast, for il‘C
modern methods of i estigation by intracardiac mtlu‘(t'r of the
output sad venous pressuce, has opened upa Iarge ﬁdd‘. the fl‘ﬂl_“
from which are hardly et ipe for reapingz. The possible role in
the derangement of renal function 1n the pathogenesis of wdemn
and changes in blood yolume ate probably the first steps n satue-
thing of consderable importance. But much is in the mclting
pot, and at this juncture one can only surmise the effect of many
results and speculate on the lines of future advances. But there
is o doubt that great progress is hikely Lo be made in the l\c‘(l'fc\\'
years as all the avalable data arc cheched and correlated.  The
Qufficulty hes in their complexity and multipherty, Even much (}(
what nas thought to be certain fact shout the action of diptalis
may tequire Tewsion.  From the bietter understanding of the
treatment of heart failure comes further insight into it< nature;
the sare apphes to the cireulation 1 general, snd in particular
to recent work on the retention of common salt in the pathogenesis
of wdema.

Vascular diseases need a chapter, and there is a good deal new
m the methods of investigation, Peripleral faslure is still con~
sidered apart: this is at the moment convenient; much new
work on wound shock has led to valuable information derived from
war casualties. Of the medical side less is known: at a future
date it should be possible to synthesize the phenomena of failure
8t the periphery with failure at the centre,
more likely to unite than diside,

In this edition cardiograms are for the most part considered
with the topics to which they refer. In place of the older material
there has been included » resumé of the modern 1deas which seek
to explain all the features of the curve by the mathematical

expression of electrophysical changes.
dwection,

Further progress is

This 15 a step 1n the right
and will prove of absorbing interest ; for the next step
to pathological change s short. But the mathematics are abstruse
and the physics complicated for the ordinary physician, Tljis
theoretical approach needs to be hinked upwith the p;ncmnl results
of the new methods of precordial leads and unipolar technique, so
a chapter 15 devoted to these matters. There is no doubt that ,\hc
use of multiple chest leads has added to the preeision with whicl
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the dingnosis and localisation of infarcts can be achieved. It
scems likely that still further correlation in the size and depth of
the lesions will follow on a better understanding of the electro-
physical changes wlich underlie abnormal curves, The
examination of the heart by X-rays has been so much part of
ordinary chnical procedure that no separate chapter is now
assigned to it. The final chapter in other editions on the normal
heart has been merged n the rest.

The inclusion of a very large amount of new work, in spite of
rigorous pruning and excision, has made the book rather larger
than before. There are many new plates and 1illustrations.

We hope that very up-to-date reviewers will bear in mind that
the travail of authorshup is prolonged n these days, and that the
best part of two years clapses during the third stage between
pen and  publeation, But knowledge advances nowadays
accelerando and Achulles 15 hard put to 1t to overtake the tortoise.
As we ponted out m our first preface nearly twenty years ago,
what 15 recent and what is an advance is often conjectural; but
1 this space of time Cardiology has become established i a form
and substance hardly to be thought of then.

We wish to thauk Dr. J. W. Brown for permission to use ilustra-
tions from Ins book “Congemtal Discases of the Heart” (Staples
Press) for Iigs. 1 to 9, and Dr, Ashman and Dr. Byer for Figs. 94
and 93, wluch appeared m the sfmerican Heart Jownal, and also
Dr. Bayley for Igs. 96 to 93 from the same journal. Figs. 43
and 46, are reproduced from articles by one of us in the Lancet,
and Figs. 17, 52, 68, 84, and Plate 20 have appeared m papers
by us in the Briush Heart Jowr nal.

To our publishers we oller our thanks for their help and courtesy.

TereNer: Easr, Curtrs BaiN,
Upper Wampole Street, Harrogate.
London, .1,
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'C!L‘\‘PTEX‘\ 1

CONGENITAL DISEASE OF THE HEART

TCRNG tl;e last thirty years the embryology of congenital

ac defects has been much imvestigated, Keth, in 1900,

stressed the great ymportance of the imperfect involution of the
bulbus cordis as a cause of scveral common lesions.  Later on
Spitzer (5) extended this theory and threw Jight on the effects of
farity rotation of the great vessels  The analysis of a thousand
cases by Maude Abbott (3) hias correlated the clinical and patho-
- lopeal ‘sdes. Tler chmical elasufiention recopmised three groups
(1) the_cyanotse, (2) the late cyanotie, (3) the acyanotic, We
propose to adopt an embryological classification on the hnes
suggested by Dry (2). Not every lesion can be considered here.
© The “Atlas™ (1) and the excellent monograph by J. W, Brown (1)

gnes

1

o

1

a full account of all. On this latter we have drawn freely.

Classification -

A \| d with septal §

1, Cor bilodulare,

Cor tnloculare biatriatum. -
3. Cor trifoculare bisentriculare,
4 Aurcular septal defect,

3 Ventricular septal defects,

6. Persistent truncus arterosus {Aortic septal defects.

and 11I. An i

omahes associated with torsion of the cardiac
tube, and with th

c development or sbsorption of the bullws
cordis— . -
© -+ 1. Transposition of thegreat vessels, :
2 Tetrad of Fallot,
3

Lasenmenger complex,
4. Pulmonary stenosis

5. Sub-nortie stenosis

(nfundibular 1y pe)

6. Anomalies of aortic and pulmonary valy es.
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2
IV.  Anomualies associated with development of the norhc
arches i—
1. DPersistent right aortic arch:
2. Double aortic arch,”
3. Coarctation of the aorta. -
t.  Patent ductus arteriosus,
. 5~ Anomalies of main branches. . N
V. Dextroeardia. !

VI. Anomalies of coronary vessels

For full information the papers of Keith (4), Spitzer (;)
Bremer (6), Pernkopf and Wirtinger (7), Lev and Saphir {(8) and
Walnisley’s excellent account in Quain’s Anatomy (9), should be
consulted. :

During 1ts de

A

Development of the Human Hearct

loy the lian heart passes through

various stages which resemble the hearts of lower ammals: in
" each individual the bistory of the development in various species
is recapitulated.
heart recall structures found in the hearts of fishes, amplibians,
reptiles and Iurds. . ~ -
The process of develoy t mms at establishing a pul v
circulation “in parallel” with the systemie, instead of *in series.”
But they must commmunicate with each other, so the two are also

“crossed.”

The congenital malformations of the human

The heart begins as a fusion of two straight tubes

- placed on ather side of the body, which are brought, together as
the primitive ventral cleft closes in. In the 3 mm. embryo this
simple tube is already becoming divided mto four chambers. the

B. B

_Fc. 1.
A. Auricle

ulbus Cordis

s Smus Venosus

V. Ven!

(A[!er Fachon)

sinus venosus at the tail end, the auncle, the
ventricle, and the bulbus cordis at the head
end. This stage represents the heart of some
fishes. As the primitive cardiac tube increases
in length, between two fixed points, 1t becomes
kinked or bent, or tnisted upon itself. (Fig. 1.)
The ventricle grows downswards and forwards,
the auricle upwards and backwards. The
ventricular part becomes a loop bent on itself
in & v-shaped manner, forming m the angle of
the loop the bulbo-ventricular groove. A twist

. a
Z !

’

Y
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also develops, clockwise at the ventric-
.ular end, anti-clockwise at the veoous
or candal end. (Fig. 2.) Tt is suggested
that the forces which bring about these
changes are inherent growth, mcrcase
in length betneen fixed points. amd the
centnfugal force of the blood flowing
round the curves and bends so pro- Te 2
dueed {B). : “x Auricle
Division of ’l‘funcus and Bullzns. }; \)yb;.‘:[lczv:i;mm‘"
1n order to develdp the two aurculations ™, ronve
inparallel,thetruncusarteriosusmusthe  BVL llul}.;btenlncuhr
divided, Aseptumformsacrossthetrun- o o ST
cus from two lateral ridges. At thedistal V' Ventnele
end of the truncus, furthest from the {Ater Pichant
Yeart, the plane in which they lie is at night angles te the antero- -
postenior plane of the body. The ndges run towards the heart donn
thenside of the bulbusina spiral manner; that on the right passing
behnd, and tHat on the left passing in front, giving the stptom
formed by their fusion a twist in a clockwise direction through
210°, nearly a complete rotation. Thus it comes about that the
posterior division of the tube comes ultimately to he on the right
hand side; dnd the anterior division on the left {Fig. ) This
rotation, although ultimately modified, gives rise to the normal
posttion of the sorta and pulmonary artery: the
pulmonary artery arises in front from the right @ ‘
ventricle and passes to the left and behind. The

two circulations are now “crossed” as well as i
paraliel,”

. The septum of the truncus, ealled the nortico-
pulmonary septum, becomes continuous with that
end of the bulbar septum, whuch is distal or furthest
from the heart, at the point where the semilunar

\alves appear. The distal part of the bulbar septunt
fuses, nearer the heart,

A R Lo
with the proximal part of -
the bulhar septum, and this joins with the inters cn- fie 3
tricular sambms  en oA Torsion of
thar & hetied
+ Theh

septum
{hiter J, W
Broa ot
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The critigal period of development lies within the fifth and
eighth weeks. During this time! the septa of the auricles and
ventricles are forming, and the rotation, of the septum in the
truncus and bulbus takes place ; the cardine septum fuses with the
bulbar; and the bulbus cordis disappears. Many defects arise
from the imperfect completion of these changes, and for tlns
reason the defects are finally often multiple.

Defective rotation of the bulbus and truncus wit result in a
faulty positidn (transposition) of the aorta and pulmonars artery.
The septum may not develop and a prinutive single truncus
petsist. Dextroposition of the aorta may result from transposition ;
or perhaps from the persistence of the prinutive nght rorta {there
are two nortas M croco(hlo,), the left having disappenred or fused
with it (5).

The Absorption of the Bulbus Cordis, The bulbus persists
in fishes as a separate chamber between the ventricle and the
porta  In the human heart the part embedded in the bullo-
ventricular groove, wlich forms the bulbo-ventricular ridge,
ultimately disappears. A certain amount of untwisting or detorsion
of the tube occurs at tlus spot, wluch is called the bulbo-ventric-
ular loop. Tlus is an unportant change and 15 connected with the
ahsorption of the bulbus (7). If the embedding of the bulbus in
its groove 1s faulty, the twisting will be imperfect and transposition
results (8). Most of the bulbus is absorbed into the right ventricle
to form ultimately 1ts conus arteriosus.or infundibulum  If this
process is imperfect, stenosis and hypopl of the infundibul
part of the conus and of the pulmonary artery result (4);
the tetrad this is assoesated with some degree of transposition
or dextroposition of the aorta. A small part of the bulbus 1s
absorbed 1nto the left ventricle just below the aortic valves.
Incomplete absorption here causes subaortic stenosts.

The Atrial Canal. Between the pnmitive auricle and ventricle
lies the atrial canal, This 1s divided into two channels by the fusion
of two endocardial swellings, which lie, one n front and one
behind, to form a partiion. The musculature of the auricles and
ventricles, hitherto continuous, 15 divided by connective tissue
growing in, so that only a few strands are left. which later become
the bundle of His. This may be interrupted in congenital heart
block. The septa of the auricles and ventricles fuse with these
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endocardial swellings.  If they fail to develop defeets in the septa
and aunculo-ventricular valves Tesult, |

‘The Interauricular Septum. In the fourth weel the septum
primum grows down from the upper 4ind posterior patt of the
smgle prinntive auncle tow ards the atrial canal. Yiere the wige
of the conenve lower margin fuses with the anterior and posterior
endocardial swellings of the canal. Dut the central part of the
septum, being concave, leaves an opening, the foramen priaum.
Dunng the fifth week the upper part
of the septum primum disappears and
leaves & hole, the foramen secundum,
A second septum [secundum)now sppenars
to the right of the first septum and grons
downiwards, overlapping the first septum,
closing the foramen primum and leaving
aspace opposite to the foramen seenndum,
which 1s the foramen ovale {Fig. 3). This
allons blood to pass through from the
mght auncle to the left m the feetal Formation of Interauei.
cirenlation, and closes after Warth,  If it sy cular, % ptom
remains widely open, one of the forms of - o ™%

cava
interaumcular or atnal septal defeet 1VC  Infemor temn
resultsy

na

re Toramen
. The Iaterventricular Septum, This fo v Dimum
develops in the fifth week as a ndge O 15 dormen ovale

Tic 4, '

ut secundum
(septum inferius) m the floor of the prim- ;- Sptum primum
e ventnde, Two cavities are hollowed  ° - sqs’cl;.‘:x"x;durn
out on aither side to form the ventricles, AFC Anteriar cndo-

right and left. The posterior part of the prc p@‘;l‘?ffl‘i’.‘l’! "
septurn fuses with the postenar endo- cardal cushoon
¢eardial custuon i the atnal canal, The (Ater almstes)
final rusifm of the upper part of the interventricutar septum with
the proximal patt of the septum dividing the bulbus cordis t}
completes the partition of the nght and left sides of the hcn‘::

. REFFRENCE:
Annoirt (9936)  Aitias of Con, y

1
§ Dumots [1990) atiesof Congemtal Cardra: Diseae. New York
3 Duown Jay mer Jleart ] 14,135

. Conceortal foans o,
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the left ventricle was also much enlarged so that there was left
anis deviation as though the pulmonary lesion had always caused a
shunt from right to left (3).

Clinical Features. There may be nothing to draw attention
to the lesion until well into adult life. VWhen the effects are well
developed there are signs of great enlargement of the right .
ventricle, extending far to the left (1).
The enlarged pulmonary artery pro-
duces pulsation and diastolic shock,
with loud _second sound ; often there
11s a systohe murmur and perhaps a
diastolic murmur. It 1s doubtful
whether the lesion itself can produce
any sign at all. . : .

The radiological appearances con- .
firm the large right ventricle and
bulging left pulmonary artery, with
the large branches of the right
division visible to theright. The left
branch of the pulmonary arfery is scen
from the front and in the left obhique
position (5). Enlargementof theright
auricle is stressed (4) but may not
be always conspicuous, perhaps
because it is rotated forwards (1).

Pulsation in the pulmonary artery,
the “lular dance.” and in its branches
is usually eclearly seen, but is not
pathognomonic for it 1s seen in pul-
monary reflux and pulmonary arten-
olitis and patent ductus arteriosus.
The lung ficlds are not usually con-
gested. The most notable and constant
finding 15 the great enlargement of
the pulmonary artery and its

fic 5

- Rightventricular hypertrophy
from a case of Lutembacher’s  pranches (Plate 1),
Disease . Note delayed R- N W T
wave without Sm V, V. V,, The aorta appears to be small, The
v, and V, T-waves ar  cardiogram shows the hypertrophy of
negative 1n all chest leads e right venticle (Fig. 5

' The heart 15 vertical the right venticle (Fig. 5).
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LUTEMBACHERS DISEASE i

Atrial sepial defect 15 the only congenital lesion w which
auncular fibrillation is at all common. Tlutter is also met with
(5) Paralysis of the left recurrent larymgeal nerve from precure
of the targe pulmonary axteryhas oceurred (6). N

Avnas Sepran DoFrer axt Mrrrat Stiaosss, (Latem-
bacher, 1918.) {M. Abbott, 1015.) Almost all the cases occur
women (7) ‘The signs are those of nutral stenosis and atrial septal
defect. One accentuates the other. There will be more tendeney
1o enlargement of the right auricle and engorgement of the hanps.

In one sense the defect reliey es the left auricle in the fuce of mutral -

stenosis, for it may not be cnlarged. In the'other 1t further over-
loads the right ventriede  Perbaps it as beneficial. It has been
suggested that maodern surgery nnght provide a relief for ygross
mitral stenosis 1n this way (2). A Turther sugggestion is that as the
left auricle lies above the right, the effect of gravity, apart from
pressure, decides the filling of the mght auricle, whether mitral
stenosis s present or not {8). Mitral stenesis does not seem to
alter the course of the discase, but may increase the
fibrillation (9),

Cotrst AnD Procyosis. In atrial septal defeet the onset of
tyspnoea may be delayed well into adult fe. Gradually falure
of the right Lieart comies on, frequently with the development of
fibrillation.  Probably half of them pass the age of 0 (10).
Many patients have reached advanced ycars. Bactenal infection
¥ very uncommon. ) -
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10 CONGENITAL DISEASE OF THE HEART .l

Embryology. The venfricular septum is formed in its upper
and anterior part from thesseptum which divides the proximal
end of the bulbus cordis. The rest is derived in jts Jower part
from the septum inferius of the ventricle and the cushion of the
atrial canal in its upper and posterior part. The membranous part
marks the junction of these two elements. The commonest place
for an apening is just in front of the membranous part. Elsewhere
itisrore to find defects: a hole near the apex reealls the heart of the
pythot,  Itis not known why the septum fails to form completely.

‘The hole may be snytling up to a centimetre across, and the
wnargin is usually fibrous, unlike that of the opening in the tetra-
logy which is fleshy (2). Tt is evident that the 1solated ventricular
septal defect is different in character from the hole in that con-
dition, where failure in the rotation_of the septum of the bulbus
cordis is the cause. The fibrosis may mvolve the adjacent aorhe
cusp and cause aortic meompetence (3).  The bundle of His may
be jnvolved and complete heart black results. A left to right

" shunt wil pecur.  The mira.cardine catheter shows that arterial

blood 15 present 1 the right ventricle (6, 7}, unless the pressure
rises an the nght side sufficiently high to reverse 1it, then only
will evanesis appear. Thick of the endocardium of the right
ventricle is seen where the jet of blood impmges epposite to the hole

QClinieal Fentures. The typical signs are a harsh systolic
murmur, and & strong thall, loudest m the fotrth space just to
the left of the sternum. Usually there is no cardiac enlargement.
or change 1 the cardiac outhne at first, Qccasionally the heart
becomes rather globular in form and the pulmonary artery enlarges
The cardiogram shows no eonstant abnormahty. There is usually
little or no physical disabihty, and an ordinary Iife can be enjoyed
1t is possible that the hole may close in the first two yeors of Jife
{4, 5). We have scen such a casc. The chief danger is bacterial
infection nt the site of the lesion. Patients usually reach the
forties, or over. (Plate 2.}
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HEART BLOCK N Rl

Aneurysm of the Interventricular Septum
" Sec under Transpogition of forta.

Congenital Heart Block. This abnormality finds a place here,
as many cases are met with in isolated ventricular septal dcfrf:!.
About the fifth week of fuctal lfe the anterior and posterior
endocardial cushions fuse to form the strio-ventricular canal.
As the atrial ring des elops the muscle of the auricle and ventricle
is separated except for the fibres which become the bundle of
Mis The bundle may be interrupted by fibrous tissue in this
process {1). Actually, the septum is completed at the eighth week,
and the hole, if preseat, will be anterior to the membranons giart ;
hence most cases of patent septum are scen without heart block.
But 1t has been noted that when the niembranous part is atlected
there may be block, for the bundle lies near (2). Probably the
smportant pomnt is invols ement of the upper part of the bundle or
node in exeessive fibrosis (3). Atnal septal defect may be present
as nell {1). Chmeally, these cases may easily escape dingnosis
for the ventncular rate is often over 50. The lesion has been
diagnosed ih “utero by means of sound records {9} The bLlood
pressure may be rather high (5). There may be a fair acceleration
on exercise, Atropine may cause a considerabhle increase in rate {6).
Adrenalin may not accelerate the heart rate, but it may rise with
fever. In this case there was congenital dextrocardia (7). Stokes,
Adams attacks are rare, but syncopal attacks in childhood should
arouse suspicions of the condition. The patients are perhaps Likely
to che suddenly, although they have very fair capacity for exertion.
ot many cases ‘"have been recorded over the age of tw enty, but
by‘tl\at’hm: the congenital nature is hard to prove. A series of
s:nw den cases, however, have bfen @llow«l for & pumber of yeary
o vlemne }mvc. showed any disability. The prognosis appears to

7y good it no other lesions are present. (8).
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32 CONGENITAL DISEASE OF THE HEART

Defects of Aortic Septum

In normal development the truncus arteriosus is divided
by its spiral scptum into the aorta and pulmonary artery. Some-
times this division is incomplete. Brown (1) classifies these into
three groups :—
1, Persistent truncus arteriosus, where there 1s no septum at all.
2. Partial deficiency of septum, so that acrta and pulmonary

artery communicate,

‘8. Aneurysm of a sinus of Valsalva.

1. Persistent Truncus Arteriosus. The defective develop-
ment of the aortico-pulmonary septum is always assactated with
some degree of abnormal torsion (2). As the cusps of the nortic
and pulmonary onfices are normally developed Srom four buds, the
presence of four valve cusps1s the defintte sign that the single trunk
15 the true prmutive truneus arteriosws.  There should be no
remnants of any other trunk and the vessel must supply the lungs
and systemic eirculation, But three cusps are sometunes seen, as
m a case where the pul y artery b hed off the
trunk, Tlus 15 type 4 of Tlumphreys (16). A sumlar case had the
blood supply to the lungs from a branch arismg from the ductus
arterosus (12,

In a typiceal case the Inrge vesscl will arise, sometimes rather to
*the nght, above & ventricle whose septum ts meomplete. The heart
will be enlarged, the cardiogram usually showing mght axis devia-
tion, No typeal murmurs are mentioned (3). There will he more
or less cyanosis. This depends on the relationship of the vessel
to the septum. The aorta may run to the rght, or divide to form
a double nortic arch (4). Survival to aduit life is possible;
infection mny oceur.

This must be contrasted with the findings m & ease of n common
aorto-pulmonary trunk. Yere the patient. aged 18, was eyanosed,
The sortic and piilmonary valves were normal. The skiagram
showed & remarkably enlarged sorto-pulmonary sac (11}

2. A partial deficiency of the norto-pul y septum 15 due,
when just at the level of the valves, to fatlure of this septum to
umite with the bulbar septum. Blood will then pass with con-
tinuous murmur into the pulmonary artery, causing its enfarge-
ment. Cyanosts may develop late. Infection way oceur.




. TRANSPOSITION : "

The defect in the septum may be present as an auctrysmal
Apmng, and rupture in after Iif\’,‘cxfming‘ an imt'“_‘c roaring,
persistent murmur and faiture of the ight ventricle (.:)_. .

3. Anturysms ugually affect the right or anterior sinus,
Aneurysm of the nght sinus of Valealya may Tuptore mto the
nght ventricle. These aneurysms miay He multiple and affeet
all three sinuses, and cause heart block by pressure on the bandle
of His {6). They may rupture fatally. In one mteresting ense
an aneurysm from an anterior sinus rupturcd into the right aunide
and caused congestive failure (7), Rupture of an aneurysm of”
the posterior sinus has been recorded with the sune ellect {8).
Another in a sumilar situation. perhaps with aequired degencrative
changes, caused complete heart bloch. (9) These aneurysms may
he seen mn the skiagram, and one atising from the left sinug must
be dilferentiated from aneurysm of the Jeft ventnele,
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‘Transposition of the Great Vessels

This was found sixty-m i i i
A v o y-mine himes in the thousand cases listed in
In complete transposttion, the aorta lies in front of the put-
monary artery and anses from the right ventriele; the pulmonary
avtery lies behind, ansng from the left ventricle, Thus is an
extreme example of the abnormality, Rokitansky 11 1875 first
supposed that these cases of transposition %ere due to numn'\l‘ .
rotation of the septum which divides the truncus nrlcri‘oﬂ“‘
Normally, this septum runs spiral course, finally through :;:’
in a clockwise sense. Tlas is evident yhien one considers lgm
pulmonary artery and anrts are nr}xppcd round each lt\ .
thie normal heart ; so that the pulmonary artery comes ;"m:ﬁrﬁ‘:
1



14 CONGENITAY, DISEASE OF THE IIE.'JRT R

- left, forwards to the right, into the right ventricle. Keith {1009)

stressed the impartance of the complete nbsorption of patt of the
bulbus cordis into the right ventricle; faulty absorption tends ta
pulmonary stenosis, and this defect is often associated with some
degree of tramspositian,  Spitzer (1923) suggested that wheu
torsion was incomplete, the left aorta disappeared and the
primitive reptilian norta was re-opened on the right side, cansing
dextro-position.  1Vhen torsion was Jess defective both tranks
might persist and fuse ta form one eentral norta. e distingnishesd
these pathological types o ” .

Growp 1. Riding norta,

Group 2. Partial transposition —hoth vessels from  right

ventnele.

Group 3, No torsion. Complete transposition.

Group 4. Transposition with gross septal defect.

Tately more attention has been given to the part played by
defective absorption of the bulbus, which mterferes with torvion
(1), The fault is loented in the bulbo-anricular spur, the wpot
where the bulbus becomes embedded (2.

Some wniters distigaish w0 phases in novmal development

1. In the first the bulbus becomes looped and kmked, n twist

oceurs m it, causing the spiral septum which diwndes it
longitudinally to run through 270°

2, This phase marks the absorption of the bulbus cordis. At

s distal orifice there is clockwise torsion of 130° with some
depree of buckwards or anti-clockwise torsion of #5° at the
proximal orifice, 103° in all, so the twist is reduced. The
bulbus then becomes sharter or absorbed, and the artenal
trunks are twisted finally nbout 150° round cach other. If
the process of absorption interferes with the degree of
torsion, i.e., produces less twisting at the distal orifice and
wore back torsion at the proximal, the ultimate relative
posttions of pulmonary artery and parta are abnonmnal and
some degree of transposition results.

Tow far Spitzes’s theary 1s correet m explansng defects, 15 not
yet certain, One micresting series of cases with over-riding norta
have been annlysed in favour of this view (3). Two others are

“ desenbed (1) which suggest & reopeming of the priotive right
aorth ns the eanse of the transposthon,
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. Complete Transposition. 1f Ahis happens and t‘h'cre is po
patency of the cardrac septa or ductus, the left \'cu(.nc.lc prmps

. blood to the lungs and the nght to the body. Cyanosic is severe:
bfe cannot be maintaned (51, As there must be asspeiated lesions
for survival, Taussig {6) considered the chinteal picture shows {1)
the features of transposition (2) thase of the other lesions, su‘ch as
patent ductus. atrial septal defect, patent intcrvcnt.m‘uhr
septum, There 15 persistent cyanosis, usually severe. Th1§ may
not be gross if the blood does not miv. The nght ventricle is
enlarged. There is 2 pcculiar shadow of the great vewsels, seett on
sereening  As the aorta lies futther to the rght and in front, and
the pulmonary artery further 1o the left and behind, the shadow
15 parrower i the anterospastefior view and wider in the left
“anterior oblique view ; the reverse of the normal. This appear-
ance may provide n disgnosis. .t systohe murmur may be heard,
or none av all if the septal hole isJarge. Bicuspid pulmonary vales
are not yncommon and suggest the rephlian state.
ventricular dissociation may occur {3),

In ArresteD TravspostTion the aorta lies on the right, hut
arises from the correet 1entricle, amd the pulmonary artery hes
%o the left, arising from the right ventnicle. The key to the
correct diagnosis of the ventrcle js the numbcr of cusps in ‘the
aurculo-ventricular valve; Lut the arrangement of the Purkinje
Systern abso differs in each ventricle. Cyanows may not be sevcre.
These have a better outlaok. Cases of transpasition ravely lne
long. They are subject to bactera) infedtions. )
un:::-:;zslt: :’: I.“tef'le’".”“_"‘“" Septum. A small sac projects

cuspid valve involving the membranous part of the
septum. It is probably associated with defcetive development
:i::: upper part of the septuni due to slight dextraposition of the

Auncufo-
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Pulmonary Stenosis and Atresia

Stenosis at the pulmonary orifice is due tg more than one cause
and may be associated with other lesions in a most interesting
way, . N

1. There is a local fibrotic valvular lesion, of uncertain origin,
which probably develops fairly late in fectal lfe.. It is
associated with enlargement of the pulmonary artery, and
not uncommonly the ductus nrterwsus is p'ﬂent The
obstruction mav amount to atresia.

2. The whole conus may be hypoplastic, .with stenosis at its
lower end—infundtbular stenosis. This abnormality arises
early in feetal lee, about the fifth week, when the_ bulbus
cordis is undergoing absorption.

3. At this time torsion of the bulbus is taking place and 1ts
spiral septum is forming, as well as the ventricular septum,
and these ultimately fuse” by ‘the sixth week. It is not
surprising, therefore. that a combination of defeets can arise,
such as transposition "of the great vessels, particularly
dextroposition of the aorta, patent ventricular septum and
pulmonary stenosts of the conus type; or dextroposition of
the aorta and septal patency may appear alone (Eisenmenger).

l.As’cynnosl's develops sooncr or later in all these cases, they
have been classed as eyanotie, or late eyanotic,

Pulmonary Stenosis wiTH PATENT VENTRICULAR SEPTUM.
This 1s the commonest congenital defect in which cyanosis 1s
conspicuous, and yet the patients reach adult life and may live
many years. Fust desenibed by an Enghsh physician, Peacock,
in 1866, the combination of four associated abnormalities has
become associated with the name of Tallot (1888). The tetrad
consists of :—

1. Hypoplasia, stenosis, or atresia of the pulmonary artery.

2, Interventricular septal defect.

8. Dextroposition of the aorta.

4. Hypertrophy of the right ventricle.

1. The pulmonary conus may be the site of infundibular
stenosis ; or the “holc conus and artery may be h) poplastic.
The valves may be iwell formed and are often icuspid, as in reptiles.
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16 CONGENITAL DISEASE OF ‘TIIE HEART

Pulmonary Stenosis and Atresia

Stenosis at the pulmonary orifice is due t6 more than one cause
and may be associated with other lesions in a most interesting
way. .

1. There is a local fibratic valvular leston. of uncertain origin,
which probably develops famly late in fectal hfe.. It is
associated with enlargement of the pulmonary artery, and
not uncommonly the ductus arteriosus is patent. The
obstruction mav amount to atresia.

2. The whole conus may be hypoplastic, with stenosis at its

lower end-—infundibular stenosis. This abnormality arises

early in feetal hfe, about the fifth week, “hen the bulbus
cordis is undergoing absorption.

8. At this time torsion of the bulbus is taking place and its
spiral septum is forming, as well as the ventricular septum,
and these ultimately fuse by “the sixth week., It is not
surprising, therefore, that a combination of defects can arise,
such as transposition "of the great vessels, particularly
dextroposition of the aorta, patent ventricular septum and
pulmonary stenosis of the conus type; or dextroposition of
the norta and septal patency may appear alone (Eisenmenger).

‘ .As’cyanosis develops sooner or later in all these cases, they
have been classed as cyanotic, or late cyanotie.

Pulmonar& Stenosis wrtTit PATENT VENTRICULAR SEPTUM.
This is the commonest congenital defect in which cyanosis is
conspicuous, and yet the patients reach adult life and may live
many years. Jirst described by an English physician, Peacock,
in 1866, the combination of four associated abnormalities has
become associated with the name of Fallot {(1888). The tetrad
consists of :—

1. Hypoplasia, stenosis, or atresta of the pulmonary artery.

2, Interventricular septal defect.

3. Dextroposition of the aorta.

4. Hypertrophy of the right ventricle.

1. The pulmenary conus may be the site of infundibular

stenosis; or the whole conus and artery may be hypoplastic.
The valves may be well formed and are often bicuspid, as in reptiles.

v



PULMONARY JTEESEL

all cases {0)—otherwise ﬁxe_v connot be differentinted, Asa cu‘n:
sequence of the Jesion there is evidenee c_f more or less ‘\}'P’-":“"P ny
of the right ventnele clinically, and in the clrﬂ.rmﬁ:dmgmn.n
Caanosis 15 sbsent a5 a vule for some years, or only olight ; but will
ually hecarae progresse as the right ventricle fails. They thus
come into the class of late cyanosis, A patent ductus may also be
found, or a patent auricular septum {9).

Racterial infection 15 common 3n cither type, and so »s phibisis
{10). The average age of deathis ghven by Abbott as tnenty-five
years (11} thouzh for long the lesion may be nell borne, and we
fave seen several pass easily through pregnaney. Probably the
average Life is from thurty te forty years {12).

Pulmonary Atresia. \tresia of the pulmonary orifice may
vesult, from hypoplasia afiecting the infundibulum snd pulmenary
axtery, as w the tetratogy, or there may be eomplete closure of
the valvular opening and hypoplasia of the artery above, In the
Iatter the sinth arch has disappeared and the ductns is closed
i1 £hie former 1€ may bic open and supply blood to the lungs. Same
rases are on Tevord of adults where the Llood renched the hangs
anh thraugh huge bronehial artenes {13). These paticals are
verv blue and have much clubbing. No murmur may be heard ;
the skiagramn shows a concavity in place of the pulmonary bulge.
The clinical diagnosts s possible on these findings. The absence of
narmur apd thall i3 against the diagnosis of the tetrad,
although the skiagram sugaests it A sunifar adult case, with
shght nrarmur, died of eerebral thrombosis (13).

When there 1s pulmonary atresia and a closed ventrieular septum
the cureulation may he dby a patent auricular septum and
4 patent ductus artenows.  The condition s agawnst fong surviva).

Eisenmenge: Complex (1897), This tare combunation of
t}flm“ 1s embryalogieally related to the others in this group

\‘l:::\ :\ the same dextroposition of & sometimes small aorta,
3 ay be trnly & npht-sided arch {24) with a large hole 1n the
‘entricular septum  Qne may

N ¢ infer that the original def ;
in the torsion of the huthar septum and its fadw E efect Jay

to umte with the ventrienler septum (15). The:: 1‘: ?::\\::3;:“:;
by \mp!§sm or stenosts of the conus arterosus op puln;onu 3 ar!’e

which is in fact large. Pulsation of the pulmanary rzrlc 'ry’
fonsSpICUOUs , 1ts cusps may even be incompetent {16), The rr)xg}’x:




18 CONGENITAL DISE.ISE OF THE HR.ART

faint. These cases develop bacterial infections; emholi may be
discharged into both ecirculations (5). The valves of the dilated
aorta may become incompetent, Clubbing of the ‘fingers, even
to osteoarthropathy, usually parallels the eyanosis and poly
cythenia (19).

, Generally speaking the patients are poorly developed and are”
much Jimited in their capacity for exertion. They often stay
crouching on the floor. Cerebral disturbances like epilepsy are
not uncommon. Tuberculosis is frequent. Cases of hemiplegia
in infants have been reported (6)—perhaps thirombotic or embolic.
Many live for a surprisingly long time, well past middle age.

Pulmonary Stenosis wiTit THE INTERVENIRICULAR SEPTUM
CLostp.

- Valvulm Type. These cases are not very uncommon. There is a
ring of fibrosis at the level of the valves” As a result there is a
diaphragm or cone, with a smjall opening in the middle, Fibrosis
may extend into the muscle of the conus adjacent. This fibrovs
has been said to be the result of fortal endocarditis—an unsatis-
factory explanation, for we are unaware of any evidence showing
an acute phase. Gross (7) considers that these lesions are not
inflammatory, ns true residues of this nature are not detectable.
The absence of a patent septum between the ventricles suggdts
that the defect develops after the eighth week of feetal life.

. Conus or Infundibular Type. Keith has explained this lesion as a
failure for the bulbus to become absorbed in the right ventricle.
A small chamber occupics the place of the conus arteriosus,
communicating below with an enlarged right ventricle, and with a
dilated pulmonary artery above, guarded by more or less normal
valves (8). The hnng of the infundibulum s usually thickened.
In some cases the ventricular septum 1s patent. The aorta 1s
somew hat dextroposed.

In both these types the pulmonary artery, for some unknown

' reason, is often conspicuously enlarged and its walls nre thin, and
it shows very prominently in the skiagram (Plate 4).

Phy;icnl signs are a Jocal systolic murmur condueted up and to
the left, and a thrill, rather lower down n the infundibular type,
and probably some systolic pulsation and dulness over tl}e
pulmonary artery. Probably the second pulmonary sound is
audible in the conus type—some find the second sound Toud 1n
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ventricle is enlarged, so that the clcctrocardm"rnm usually slm\xs
night axis deviation. A systolic murmur and thrill are usually pre-
sent, Cyanosis is usually severe, depending on the shunt, but may
not be so. Physical disability may not be severe; so that survival
may be farrly long (17).  Bacterial infection may oceur, (Plate 5.)

Suncican TrearseNT. When restriction of the flow of blood
to the lungs 15 the important defect, it has been fonnd possible ta
remedy tlis to some extent by ymplanting the right subelavian
artery nto the mam pulmonary artery. The circulation to the
arm 1s not at all impaired.  There 15 deaided improvement in the
paticnt.  Pulmonary stenosis of the Fallot type and atrewa
should be selected. It is important to Le sure the pressure in the
pulmonary artery s low, a1t should be in these eases—and so
cxchude other cysnotie cases  For this an estimation with a
manometer was made, using a needle 1 the artery. The mortahty
15 16 per cent, but 1 now deereasing (13).

It » possible. by mmplanting an artery, to raise the oaygen
saturation from betwoeen 30 and 10 per cent to between 65 and 73
per eent. The hemoglobin and red cell count falls to normal,
the clubbing disappears. and the cinld becomes normally active
{20}, 1¢ must be remembered that the heart s still very wuch
deformed, evenf ey anows 1s reduced A stdl further sbnormahty 1s
added. comparable to the patent ductus arteriosus and no doubt it
15 liable to infection. a leston w hich surgeons are at paws to remedy

1 other cases,
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Sub-aortic Stenosis. This lesion is due to imperfect invelution
of that portion of the bulbus cordis which takes part in the
formation of the left ventricle just below the aortic valves. The
defect 15 homelogous to eonus or infundibular stenosis in the right
ventricle, into which most of the bulbus is absorbed. A fibrous
ridge or bar 1s seen Just helow the semilunar valves which containg
a good deal of efastic tissue. Oceasionally there may be stchosis
of the valves as well. Coaretation may be present in the aorta, The
waal systelic murrur and thrill are produced © bat the absteuction
15 not often severe cnobgh to cause much left ventricular hyper-
trophy, so the cardiogram may not show left axis deviation, For
the same reason the anacrotic type of pulse is not felt, and the
Tlood pressure may not be low (1). The nortie second sound will
be clearly audible (2). There may be but little physical disability,
There is u distinet danger of bacterial infection @t the site of the
lesion, ' (Plate 6.)
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Aortlc Stenosis: Valvular Type. In this case the Jesion 15
at the valves, and the defect is homologous to the valvular type
of pulmonary stenosis. The aortic valves anse from the bulbar
swellings, at the proximal part of the hulbus in the seventh weck,
Finally the valves appear to be fused and thickencsl. This state
may’ result from faulty development, or possibly from “feetat

«ndocarditis.”  Aortic i may also result from thiz
defect,

As the nbs!rucll?n may be severe, alt the focal s1Ens of stenosis
sall be correspondingly conspicuous, and the anacrotic pulse wilt
be feit, The aottie sceond sound will be faint ot maudible: e

Teft ventnicle will show APpropriate liypertrophy,
o cause left axis deviation i the :

which s bkely
dilatation of the aorta just g,

cardiogram. There may be some
bose the valves, as there is
homelogous pulmonary stenosis above the val’vcs. There Il:: ":lc
poor physique, but the lesio j often well horne. e
bactenal snfection i sonsidenet, ’
Abnormal Semitunar Vatres .
ves. The nort
e develaned . 1¢ and pulmon:
“::::ls\t at the sp‘ft\ wf:,m“ Tour enidocardial cmhionspwhich A
p a e the bulhug (ordis 30008 the gy ore
unens
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Formation of the semi-lunar valves
(After ] W Brown)

arteriosus, The distal bulbar septum divides the tube into two,
and also divides the four cushions into six. There are then three
in each tube (Fig. 6). If the division of the cushion is faulty, two
may persist only in the aorta, giving a bieuspid aortic valve
(Fig. 7). or a supernumerary cushion, or two, may produce

098

TFormation of blls‘t(:;up\d aortic valves
(After ] W Brown)
extra pulmonary cusps (Iig. 8). Spitzer's explanation for the
Dicuspid aortic valve in the tetrad, where there is transposition.
is that 1t represents the primitive reptilian right aorta, which has
two valves, DBicuspid aortic valves are closely associated with
abnormalities of the aortic arch, such as coarctation, patent ductus,
sub-aortic stenosis, and aortic and ventricular septal defects.

8

Fic &
Formation of SUPLIRUMErary cusps 18 pulmonary artery

{After ] W Brown)
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Bicuspid pulmonary valves occur in mfund}lml:u' slcnmis_ snd
in the tetrad. They are not liable to infection or to ca.\c\ﬁcu-
tion (1). Even when there are four or five putmonary cusps .thc)
may function qte well, but three are probably the most eificient.
A s‘upcrnumerary cusp, or cusps, mlght be SUS]}QC‘Qd when there
s unexplained pulmonary incompeignce {3) (Fig. 8.~
The defect in bieuspid nortic valves was shown ta be associsted
with an abnormal position of the elastie tissue in relation to the
annulus fibrosus where it lay superficialty at the raphe which
p the abortive Osler, many years Ago,
_pointed out that the low raphe was characteristic, and that the
sinuses were equal. The presence of n ridge on the wall of the
aorta at the commissure, shghtly inyolving the sinus and composed
of elastie tissue, i3 said to be characteristie of the congenital defect
4)- N
1t may be difficult to dishinguish the acquired from the con-
genital types It 1s suggested that rheumatic infection may be
respornisible for those cases where no other ‘congenital defect is
present  According to Gross (5}, the commissural lesion in scute
rhenmatism may cause fusion of the adjacent cusps (6), and the
subjecent scarring miay mimic the condition deseribed by Lewis
and Grant. The raphe in the bicuspid valve contains collagenous
tissue and not elastic, and there are other signs of past inflamma-

tion.  These are the lesions peculiarly lisble to infection and
calerfication {6).

Probably both types in time tend to become caleified snd
infected, Distinction can only be made by histological examin-
ation and this may not be easy owing to gross changes due to e
calmf'fcauon. The semle Abro-caleareous aortic stenosis, often
seen in old men, may be the final result of these losions in many
cases T
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' S\ ' ¥
Abnormalities of the Aortic Arch

In'the normal course of development the fourth arch on the left
side persists to form the arch of the'norta, and on the right side
it is represented in part by the innominate artery and some of
the right subclavian, o

Possibly throngh stenosis or some other cause, the left arch may |
disappear, wholly or in part, and the nght arch persist instead,
as it does n birds. Perhaps this stenosis leads to coarctation if 1t~
oceurs after the right arch has disappeared (1). Oceasionally,
both arches persist complete.

Three types of abnormality may be distinguished (1) :—

1. Right-sided aortic arch (avian).

2. Right-sided aortic arch with persistent left root.

8. Double nortic arch (reptilian).

The degree of persistence of the left arch distinguishes these
three.

1. The aortic arch passes to the right of the trachea and cwso-
phagus over the right bronehas, and then downwards, crossing
behind the csophagus still lower, to leave the thorax by the
usual opening (Fig. 9a). Alternatively, the aorta may persist on
the right side throughout its thoraeie course.

The left subelavian artery (representing the left arch) may rise
from the aortic arch and pass to the left m front of the trachea
(Fig. 91). The ductus anises from it, or from the aorta,, Thus a
vascular ring 15 formed round the trachea and csophagus (2).
The cesophagus is not pushed forward. The left subelavian artery
may pass belund the csophagus. . The inpression on the
cesophagus filled wath barum gives the diagnoss (7).

2. If the proximal part of the left arch persists, a diverticulum
is formed at the end of the arch—persistent left root (1). The left
subelavian arises from the diverticulum and runs behind the
trachea and cesophagus. This vessel and the diverticulum push
these structures fornard.

The radiolomeal findings are characteristic (2)

There 1s usually no aortic knob on the left: the aortic arch ,
projects to the right as o knob or band, The persistent left root
of tlic left arch may appear as a small knob on the left, thus two
knobs may be seen. Banum in the asophagus slhiows the relations
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sery well (8). The ductus anses from the divertieulum and
camypletes the vascular ring. The trachea is pushed to the left,
and the right bronchws tends to pomt downwards imtenr) of
across—inversian of trachea (3).

3. There may be & dowble arehi. The two arches mect behind
the cesophagus to form the descending aorta, Tiach avels pives
off 1ts appropriate branches. The left js anterior nml smaller,

The diagnosis §s purely ratholomeal,

Physieal signs are suggestive but not defimte. Thozrc may he
duliness to the right of the sternum, The aortic seeond saund 1s
heard High up. There may be some pulsation aver the dull area
There may be a tracheal tug. These all suggest also aneurysm,
Paralysss of the vocal chords may oceur (2). -

There is a curous assoration with the Fisenmenger complex (n)

and with the tetrad of Tallot, o condrbion which was fint recognised
by Corsisart, The curve of the pul

Y artery may hey
m the antero postertor view (G)




26+ CONGENITAL DISEASE OF THE HEART

There are no symptoms as n rule except, rarely,’d_\'sphngin,
called “lusoria,” although it is gevuine enough. In children
stridor has been noticed., This is made worse by feeding, Barium
in the cesophagus shows an impression on both sides (7).

A right subclavian artery may rise from the deseendiug arch
and pass behind the cesophagus. 1t does not sifect this structure (3)
nor cause symptoms (4). - .
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Coarctation of the Aorta

The earliest classification by Bonnet (1903} recogmsed tw o types,
the infantile which was a diffuse narrowing of the nortic isthumus,
and the adult which was n sudden constriction distal to the mouth
of the left subelavian, nenr the origin of the ductus arterosus,
This is the unportant ome. The constriction may amount to
atresta, and may be associated with a patent ductus arteriosus.
Three commoner types have been defined (1) i—

1. Stenosis of arch, hypoplasia proximal to stenosis, ductus

patent.
. 2. Stenosis of arch, hypertrophy proximal to stenosis, ductus
closed.

3. Atresia of arch, hiypertrophy proximal to stenosis, ductus

closed.

These account for inost of the aduit cases.

Pathogenesis. The adult type of conrctation has never been
found before or at birth, It has been supposed that the process
of the closing of the ductus involves the wall of the aorta; and
there is some histologmenl evidence for this. (2) But sometimes the
constriction is not so near, and also the ductus may remain open.
It is significant that the defect arises at the junction of the fourth
and sixth primitive srches, The matter is stilf obsenre.

ANOMALGUS DEVELOPMENT OF THE AoRTte Ancnns. Of the
primitive six pairs of rortic arches, the first three cephalic pairs
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disappear. The fourth arch on the
left side becomes the orch of the
sorta; on the right side it forms
the innominate, and part of the
nght subelavion arteries.  The fifth
arches disappear: the right sinth
arch gives rise to the pulmonary
artery, and the left to the ductus
arteriosus (Fig. 10)

Associated with these cha nges the
following anomalies may oceur 1

1.- The nght arch may persist
instead of the left, causing a nght.
sided aorta.

2. Stenosis of the fourth left
arch may lead to persistence of the
right arch, or else to coarctation of
the aorta,

2 Patent ductys arteriosus may
be considereq here, although ¢
Tailure to elose 15 more fikely 1o )
connected with syents 8t or soon
afterbirth, Ry

other Jesions j;

causes as well (Fig 1),
. Double aortic ar,
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There are no symptoms as a rule e\cept nrely, dysphagia,
called “lusoria,” although it is genuine enough, In chlldrcn
stridor has been noticed. This is made worse b\' feeding. Barium
in the eesophagus shows an 1mprcssmn on both sides (7).

A Tight subclavian artery may rise from the descending arch
and pass behind the cesophagus. It does not affect this structure 3
nor eause symptoms (4). -
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Coarctation of the Aorta

The earliest classification by Bonnet (1903) recognised two types;
the infantile which was a diffuse narrowing of the aortic 1sthmus,
and the adult which was a sudden constriction distal to the mouth
of the left subclavian, near the origin of the ductus arteriosus.
This is the important one. The constriction may ameunt to
atresia, and may be associated with a patent ductus arteriosus
Three commoner types have been defined (1) ~—

1, Stenosis of arch, hypoplasia proximal to stenosis, ductus

patent,
2, Stenosis of arch, hypertrophy proximal to stenosis, ductus
closed. -

3, Atresia of arch, hypertrophy proximal to stenosis, ductus

closed.

These accoutt for most of the adult cases.

Pathogenesis. The adult type of coarctation has never been
found before or at birth, It has been supposed that the process
of the closing of the ductus nvolves the wall of the aorta; and
there is some histological evidence for this. (2) But sometimes the
constriction is not so near, and also the ductus may remain open.
1t is significant that the defect arises at the junction of the fourth
and sixth primitive arches. The matter is still obseure.

AnoMALOUS DEVELOPMENT or THE Aortic Ancurs. Of the
primitive six pairs of nortic arches, the first three cephalic pairs
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The igh Blood Pressure. The cause of the high bload pressure
provmal to the coarctation has aroused interest, and nllrf\('h_d
attention to the kidneys, It is supposed lhuE the ()‘.)\U.\Ichl!ll is
in <ome way responsible, and this may be associsted with increa d
tone in the arterioles of the upper part of the body. Tt has heen
shown that there is dctually a deerease in the renal blond flow,
"but a normal Tate of glomerular filteation; order to produce
this 1t 15 snggested that there 1 spasm in the arteriole efferent
from the glamerulus (13). A further suggestion is that the Zidney
1« sultering from ischaemia of the Goldblatt type (14). Occlusion
of the abdominal aorta in rats caused a rise in Dlood pressure {15).
Dircet measurement of the diastohie pressure in the s has
shawn that it miay be as high as that in the arms (14).

Symptoms associated with the high pressure are dicadnche,
mddiness, hrobing m the head, epistatis.  Avrtic incompetenee
may resuft'from the stretelung of the aorta (4). The incrensed
vascularity may lead to hyperthroidism {29), " .

The cavdiac output is increased 1n the majority of cusess but
may be within normal Limits unless fajlure has come on (16). The
range of the figures for the peripheral Llood flow was found”te
he increased on the average, idicating that s larger proportion
of the cardiac output was allotted to the periphery (17).

Tre Covateral, Crrev1ATI0N, The obstruchion teads to o lower
systolic blood pressure in the legs than in the srms, and to
weahening and vetardation of the pulse 1 the legs ¢ a delay of
0 03 sccand has heen vated (3} Pulsatvon vany be hardly p:d{;:\\ e

m the abdominal aorta and 1n the femorals. The collaternl cireula-
ton has been well studied recently by Brammell and Morgan
Jones (18) T.he important features eliteally are the tortuous
pulating arteries round the left shoulder, which are casily made
ant They distinguish (1) scupular and eervieal anastomos

omoses, (2}
mternal mammary anastomoscs, (3) intercostal an :

(AT | nackar gney and
* demon-

tot

Lor

. w s oy seett i the skisgram (19
Toops are conspicucus bgtween fixed potnts in thcg;rteri(cs )nt’rl}:
angles of the nbs or fixther sound, and are curiously symn‘mtrml
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Fis 1 Fie 12,
Coarctation of aorta , Coasctation of ~
"atent ductus artert- aorta  Ductus
osus closed

of the norta 15 well outlined by angeocardiography, which alse
shows the delayed filling below 1t (27)  (Plate 7).

Cuaxers Proximarn to the Onstaverion.  There 15 a raned
blood pressure in most eases (6). The proxmmal part of the norta
may be hypoplastic, but is more often diated. Atheromatous
degeneration in various stages 15 common, affeching also the
branches.  The aortic valves are often breuspd (7) and may
beeome calesfied, and infected, They appear w sorae 40 per cent
of cases (23). The blood pressure may be very different m the
arms. This 15 due to anomalies m the great vessels; a weaker
nght pulse mav be due to an abnormal ongin of the nght wub-
clavian artery (8) or to stenosis at its oragmn {9). A weaker Jeft
pulse may be due to stenoss of the left subclavian (6); or to
coarctation proximal to the omgin of this vessel (10) which may
cause enfargement of the nght arm and shoulder (11). There 15

’ usually hypertrophy of the left ventricle, and this is apparent in the
skingram and in the electrocardiogram. wlieh shows left axts
deviation. These changes do not come 1n early years. Examnation
of the smoll arterioles of the skin and muscles of the arus showed
no abnormalitiess; they were similar to those of the legs (12} But
the subjects were young. Congenital defects in the cerebral
arteries gre common, giving rise to ancurysms, which may burst
and cause subarachnod hemorrhage in one tenth of cases (23).

The upper part of the body tends to be well developed, with

high complexion and warm moist hands,
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It is supposed that pressure by the loops may cause thoracic
pain in some cases. The notches do not appear in very young
children as a rule. -

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 (20),

When the ductus arteriosus is phtent, no collateral circulation ,

develops (1). If the constriction is proximat to the left subclavian
there are no anastomoses on the left side of the body. In the
presence of a patent ductus the dingnesis 15 very difficult (28).
Clinical Features. The lesion was found 70 times in 1,000 cases
(21). Males are more often affceted than females, Symptoms often
do not appear for years. Much depends on the degree of coarcta-
tion, the rise in blood pressurc and the associated lesions, if any.
Mild types, and they are perhaps commoner than supposed, may be-

missed clinieally (22), A systolic murmur and thrill towards the

base of the heart, and near the left clavicle or scapula, or an
unexpected high blood pressure may draw attention to the lesion.
Then all the other points are soon found. Ileart failure may end a

fifth of all cases (23), as a result of high pressure, perhaps aided by -

nortie reflux; but many escape it. The aorta may rupture m
about this number; cercbral hemorrthage from a congemital
aneurysm may kill one third, Infection of the hiscupid aortic
valves (7) or of the area of coarctation 1s not uncommon.
Thrombosis in an aneurysm at the site of a partly occluded ductus
has been recorded (24).

T’atients not uncommonly reach old age without trouble, 1f
they pass the thirtieth year, Sudden strain is particularly
dangerous (28). If symptoms occur early, death is likely to occur
soon after the age of tlurty (30).

Surcrcal Troaryext. The constrictron had now been removed
and the cut ends of the aorta successfully anastomosed. After-
wards the blood pressure in the arms fell to normal. Pulsation
returned to the arteries of the lower limbs. One patient died with
sudden great dilatation of the heart, perhaps because the clamps
were removed too quickly. These triumphs of vascular surgery
offer great possibilities for the cure of this defect. Probably child-
iood will be the fime to attempt them, Although many cascs
live long, the dangers are great (25, 26).
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Patent Ductus Arteriosus

Dunng fertal life, before the use of the lungs neeessitates a full
pulmonary cireulztion, the blood passing inte the pulmonaey
artery is carmied into the aorta by the ductus arteriosus (Botnlli;.
Clasure of the ductus usually takes place soon after birth; after
vne month only 13 per cont are stll patent, and after two month,
12 per cent At the end of the eighth month 2 per cent of eases
may still be open (1), but presumably may <tll close,

Ztiology, The methoud of closure 1w rather obseure ; pmhﬁm}
115 effected by a combination of causes {2)  As the pulmonary
Inti develops, the enlarg of the pul artery
and the expansion of the lungs may cavse traction of the duetus,
Kinking may occur at the same tine, as 1t does in the new bo, .
tamb (8}, The shunting through the tungs of much of the b, ’rn
carmied lessens the force distending it Posaibly ncum-musm(g .t.

constnicting nfluence is also at work. Funally, 5t is casy to m; o

an obliterative process is present by prohferation of itssicniitu::t
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u\n the sire of the arterio-venous shuut. A high pulse P’;‘i““"’ ":
rest, mereasing sfter_eercise has heen noted (5){ ““ most
important structural change is the cnlm’gcmr'nt of t he pu ")\0"_’“)\
artery, easily seen orf sereening, and causing certain phy Sieal
s, {Plate 8, . >
“g;h'e :(ﬂect on 2hc individual varies, Some patients are well l.»lllll.
but some ase deseribed as weedy, pale, and of poor physique.
Cluldren ate often backward and dull. Thege appears tohe a A
defimtely mhitatiog cifect on growth (29). X

Cyanosis will not appear unless the shunt is reversed. This mlf)'
occur transiently, on coughing or erying, or when the heart ﬂ.\ﬂi
at the end. The lesion may therefore be tlassed with those causing
“late cyanosis.”

Clinical Diagnosis. The typical murmur {Gibson) is usually
a contiuous whizzing rushing sound, often rather hollow, loudest
in the second left intercostal space near the edge of the sternum.
1t may be heard behind the back of the left shoulder. It is loudest
just after the first heart sound, and usually continues through the
second sound 1nto diastole. Valsalva's experiment may diminish
the diastolic phase. The diastohie part of the murmur 13 occasionally
shght or absent in children The closure of the pulmonary valves
is Joud and often palpable. A thnil may be present 1n half the
cases. The enfarged pulmonary artery may cause shight pulsation
and an area of dullness near the sternum.

Ramorocieal Fiepines. The important positive radiological
findungs are dilatation of the pulmonary artery, But this may be
by no means conspicucus {9). The pulmonary arteries tend to be
full and may pulsate frecly. There may be increase in the pulsa-
tion of the ventricles, which may be enlarged 3 the left guricle
may be dilated (10). Itmay beremarked that none of these findings
tuay be conspieuous and helpful in the chinieal diagnosis {Plate 7),

The elcctrocal'.dlogram is usually normal ; occasionally there js
:‘}'-‘;:‘E‘;: ::E‘ ::;:;g:de‘:xmmn\ curve is important in confirming

g X 1g other Jesions that may be assaciated.

The size of the ductus obviously cannot be gauged by the

intensity of the murmur and thnll

Prabiably the icati
- 15 the size of the pulmonary artery and bl ; best imdieation

lood pressure readings (8).
inA::OC:T;D Ir.rsmxs. Qther vongenital iesions havebeen fol(m)d
Intw c:-t irds of all cases (11)  We think that those who grow np
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Why the ductus should fail to close is also obscure. * It has been
suggested that an abnormally obtuse angle of entry into the aorta
may hinder closure (2); that it may have abnormally thin walls,
which do not favour the obliterative process ; that there is a
defective neuro-muscular control. This last point is based on the
large amount of muscle present in the iddle coat. Atelectasis of
‘the lung may play a part. The act of breathing is held to be an
important factor 1n promoting closure, and oxygen must be m the
air breathed (4). A hypoplasia of the aorta, or coarctation of
the aorta, is not uncommonly found with patent ductus; so is
pulmonary stenosis. This suggests some developmental anomaly
reaching further back in faetal life. There is some evidence to
support a familial incidence (5). The lesion occurs much more
often in female patients.

Effect on the Circulation and the Heart. The volume of
blood passing into the pulmonary artery must depend on the bore
of the ductus, which varies from one to five millimetres, or more—
and perhaps upon the angle of its entry nto the aorta. Cases of
aneurysmal dilatation have been noted, presumably when the
walls are very thin. Rarely, the ductus is so short that it amounts
to httle more than a direct anastomosis. As the pressure in the
aorta 1s ngher than m the pulmonary artery, there will usually be
a persistent arterio-venous flow, most profuse soon after cardiac
“systole. It has been shown (6) that after &xperimental anasto-
mosis the blood m the pulmonary artery has a lagher oxygen
content than before. and also higher than._that in the night
ventricle, From 45 per cent to 75 per cent of the blood leaving
the left ventricle may pass through into the pulmonary artery.
In order to maintain an adequate supply to the body the output
of the left ventricle is mcreased and its work raised. Four times
the amount of blood flowing through the right aurcle went
through the left auricle (7). The nerease of pressure in the pul-
monary artery will increase the work of the right ‘ventricle.
Tiis pressure may be at thrice the normal level (27). There 1s,
therefore, a tendency to increase the work of both ventricles, which
will depend on the size of the ductus. Both ventricles may ulti-
-mately become enlarged. The blood pressure is not constantly
nﬂ'ect;:d: in any case it is very variable in children. Somctir{tcs

the systolic is raised and the diastolic lowered ; possibly depending
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o\n the size of the arteno-y enous shunt. A high pulse pressure at
rest, increasing after_evercise las heen noted (8). The most
important structural change is the enlargement of the pulmonzlry
artery. easily seen on' sereeningt, and causing certain physical
signs  (Plate8), .

The effect on the mdividual varies Some patients are well buslt,
but some are describedt as weedy, pale, and of poor physique.
Children are often hackward and dull. Thete appears to be a
defimtely mhibiting cffect on growth (29).

Cyanosis will not appear unless the shunt is reversed. This may
occur transiently, on coughing of erying, ot when the heart fails

at theend The lesion may thercfore be elassed with those cansing
“late eyanosis.”

. Clinical Diagnosis, The typical murmur (Gibson) is usually
a continuous whizzing rushing sound, often rather hollow, loudest
1n the second left intercostal space near the edge of the sternum.
1t may be heard behind the back of the left shoulder It is laudest
just after the first heart sound, and usually continues through the
second sound into dhastole. Valsalun's experiment may diminish
the diastolic phase, The diastohe part of the murmur is oceasjonally
shght or absent in childrcn. The closnre of the pulmonary valves
1s Joud and often palpable. A thrill may be present in ‘half the
cases. The enlarged pulmonary artery may cause shight pulsation
and an area of dullness near the sternum. )

Tuviovogrear Fispixcs, The important positive radiological
findings are dilatation of the pulmonary artery, Rut this may be
by 110 means conspicuous {9). The pulmonary arteries tend tobe
fl““ ““}i may pubsate freely. There may be increase in the pulsa-

1:\0::; “”e:;:123l‘cfln(llr:\c)lesllt‘x‘xz:\?}‘;e";:;{m‘:ﬁ ;lx:l‘ar;;ed; thcl Teft auricle
muay be conspicuous and helpful i o of these Indunge

The e]m"zcmd' nelpful in the chinjcal diagnosis (Plate 7)
righit axis dev iaﬁu‘:g"’:‘;" is usually normal ; occasionally there is

g e . The normal curve i3 important i
the diagnosis and excluding othes o portant in confirming

The siz0 of the Guater Ob“cr esions that may be associated.
L) " ously cannot he oanand hy tha

s ttbw oLy, Uther congenital lesions have b
o ng: ‘e heen found
In two-thirds of all eases {11). We think that those whe e
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are almost always uncomplicated. The commionest nssociation is
with pulmonary stenosis; coarctation of the norta is not infre-
quent, and may produce a remarkable combination of signs (12),
We have noted a patent interventricular septum and another with
aortic stenosis, Pulmonary regurgitation may be present if the
artery becomes very large. If the enlargement becomes aneurys.
mal, pressure on the left recurrent nerve may result. The inerease
of pressure in the, pulmonsry artery favours the formation of
atheroma (2). The ductus may thrombose {18}, or thrombosis
may arise in the ancurysmal poueh due to ifs partial obliteration
{11). Such & pouch may be reveaied by nngiocardwography {15).
The late filing of the pulmonary artery from the aorta can be
demonstrated s this way (28).

IncipExcr Covnse ann CompizearsoNs, There were 92 cases
in Abbott's series of 1,000. Females were nenrly twice as common
as males. The average age in one serics was twenty-four years (11).
Although patients may survive past fifty, it 1s rate to meet with
cases above forty yenrs of age, For o time there was no great
disabibity m many, but therr hves were shorter (18),  Ultimately
heart falure came m sbout half, the majonty dymng suddenty.
Bacterial snfection occurred in about a quarter. The infection
starts at the pulmonary cnd of the ductus, and may arise where
the stream 1mpinges on the wall of the pulmonary artery opposite.
From here the mnfection spreads down the artery to the pulmonnry
valves,

Ligation of the Ductus Arteriosus. The ponecer work of
Gross {17} has opened up an important new surgical advance,
Thus i$ not the place for surmcal detstls. The operation is not
wnduly severe. Difficulty may anse from thickenmg of the tisstics
around the channel, from s size and thim wall, and from its
shortness.  Past tuberculosss of the glands m the neighbourhood
may lead to adhesiops. Calefied glands are a warnmg sign.
Probably the approach 15 easier 1n eluldren s they are very little
alfected by the operations A small pneumothorax may develop at
the apex or an effusion at the basc (18, 19).

Errrer of Oreratios. The heart may decrease in size of
previously enlarged. It has been shows that there is 3 decrease
in the kymographic movement of the benrt, in the transverse
diameter and in the Jeft nuricle; i the blood volume, and in the
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circulation rate (6). The enlarged pulmonary nr!cr\' may slonly
decrense in“size. The typical murmur qslmlly disappears, hu!. a
‘systohe murmur from a dilated pulmonary artery may persist.

Perhaps the combination of this with & pulmonary diastohe may |

account for the apparent pensistence of the murmur which has
been noted (20), even after hgation and division {21).
In an infected case of ours, where the typieal murnur came back,
wimate autopsy showed that -the vegetations had presented
Tek 1

and the pul y valves were nlso invom-
pctelnl from' infection. In one mstance {22) a tnu.nicl}! renal
failure occurred. We have not observed any alteration in renal
funchioninourcases The diastolic pressure tends toriseifit hasbeen
lo, sometimes considerably., But there are no constant changes.
Coxcuustoy  In non-infected eases the results are good
sometunes the improvement tn the child's health and development
are dramatic. When there has been dyspncea it has been relieved
The ductus ionally appears to 1 1€ it were nlways
possible to divide 1t as Gross does (23), this w»ould be eliminated.
But the technical dufficulties are considerable,
* In infected cases higation offers a good chance of saving life,
perhaps in two-thirds of cases (16, 24).  The use of penicillin has
greatly iproved the outlook here. .
Inpicatioxs For OpFraTION. Ligation of the ductus is clearly
ndicated as soon as iwfection is diagnosed (18), and should be
bined with penicillin and ch }
to be up to three mega units daily of peniellim.  X-ray examina-
ton of the lungs may show mfarets confirming diagnosis of
infection (8). Another ndication would be *circulatory embarrass-
I.“ent" {25} With this one would agree. Ths is Iikely to be nn
mdlcatmf\ in older patients (8). Tlow far ligation 1s prophy lnctic
?ga'mst infection one cannot yet say, It should reduce the
incidence. In our opnion the operation should be done in any

child, particularly if 1t is weedy or i1} grown {9). We have noted
rapid improvement 1n several suby
wxteen years. A

Y. Thedosage may need

ects between the ages of ten and
Apart from this, the cuning of an abnormality
«which, thongh 1t may not be a cause for some time of much dis-
sbility; certainly does shorten Ife, and will detér from many sorts
of employmert and actvity, and from e assurance, \{surel 3
worth while, The operative risk 15 small in skilled hauds \\"e
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+
would advise it for alf cases, preferably between the sges of six
ang twenty vears (D). 1In children the ductus is nearer the surface s
the patients suffer less from shoek {25). As age advances the
ductus becomes shorter (26}, The psychological effect of cure and
ehmmating restrictions, so that the patient feels no longer dilferent
from the rest, is enormons.

It is necessary to decide whether other lesions are present;
there should not be great dufficulty in this; pulmenary stenesis
will be shown by 1ts own murmur and thril losver down ; the pul-
monary second sound wmay be weak or wanting, the cardiogram
will show clear right axis deviation.  (oarctation may be obvious
if at oll severe.  These Jestons contra-mdieate bgation. A patent
wterventricular septum should not debar ; nor an aortic Jesion.
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Congenital Idiopathic Hypertrophy of the Heart
Thys group of cases with cardiac enlargement were fint ealled
“xdiopnthic“ because 1o catise nas found. Now more and more of

them have a definite wtiology.
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von Gierke's Disease. In these cases the heart is cnlnrgcd.in
early mfancy. The fibres are large and vacuolated and stains
show that they contain excess of glyeogen (1) The filires toay
appear as hollow cylinders (2) The disease is pmlmhl;_.' congenital
(3), and, as 15 well known, sffects also the lver and kidneys, The
heart may he so large us to aflect the breathing In spite of t].u:
great size, even reaching four of five times the nonnal, it may still
retain a remarkable degrec of efficiency (3). Ieart failurc or
ntercurrent infection usually brings hife to o close in a year or so
when the heart is much jovolved, The other eascs ive longer,

“There 15 no characteristic cardiogram apart from a tendeney to
low voltage (5) N

Tn addition to the gly cogen storage discase, there are other causes
which may give great enlargement of the heart. apparently
Wiopathie, 1 early nfaney {5):

1. Neoplasms (thabdomyoma).
_ 2. Abnormalities of the preat vesscls, .

3. Abnormalties in the coronary arteries, Thesc are the cause
of great enlargement, particularly if ane or botl: should arise from
the pulmonary srtery (6). Replacement fibrosis oceurs, and the
T waves of the cardiogram may be inverted (7). Cardiae anenrysm
may develop (8). The collateral crculation through aberrant
vessels may, on the other hand, be quite efficient (5), -

4. Varous forms of myocardial disease, characterised Ty
degencration and replacement {ibrosis, These have cardiograms
with low voltage (10), They run a short course and end in failure.
The hesrt§ are much enlarged : sometinmes the lecione ora some-

.

«w wmny wwawiey, tew erand tewer will deserve that name.
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.
Cyanosis in Congenital Disease of the Heart

Cyanosis depends upon the presence in the blood of a degree of
oxygen unsaturation that smounts te 6.7 volumes per cent,
According to Lundsganard and van Slyke (1923) there are several
causes for cyanosis in congemital lesions of the heart.

A. Privary Faciors.
1. (L factor). Insufficient oxypenation in the lungs.
2. (D factor). Increased deoxygenation in the eapillanes due to
stosis,
B. Secovpany Facrons.

3. (Alpha foctor). Venous-nrterial shunt.

2, (T factor). Total hermoglobin content of the blood.

The “I” factor may arise when the blood 15 prevented from
reaching the lungs. Stass at the periphery will introduce the “D”
factor, The Alpha factor will mean probably that about one-third
of the total volume of the blood is shunted from right to left,
mssing the lungs. 1t will be scen that ip some lesions the tendency
to cyanosts will be more severe than w others, For wmstance, in
the tetrad. the patent septum and the dextroposed sorta favour
the mixture of venous and arterial blood (“Alpha” factor}: the
stenosed pulmonary onfice favours the “L"” factor. Possibly ths
latter cause 15 the wore mmportant (9). Fmlure of the right
ventricle will introduce the “D” factor.

A sumple pulimonary stenosis may not be enough to rase the
“DY factor until the right side farls. The Alpha factor may not be
raised until an arterio-venous shunt (as in septal defect, or patent
ductus} is reversesd.

Exercise often accentuates the causes af cyanosis.
it may appear transiently on erying or suckhng. Finally, more or
Tess pard passu with cyanosis, goes the tendency to p or'
polyeythemia, which increases absolutely the amount of reduced
heemoglobm in circulation (“T" factor). Children can have an
axygen saturation of 65 per cent without polyey themia (5}
Polyeythemia may, by mcreasing the viscosity of the blood,
interfere with oxygenation in the lungs, and so introduce the “L”
factor (2).

Trssur Craxces. Chubbing of the fingers and of ghe toes
necompanies cyanosis and polyeythemis. The nose and lips may

In infants
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¢ar full. The first changes are scen ot the root of the nali
i‘;:r?&e suleus is filled in (3} ; nll stages 'cm\‘bc made ol;l up I\o
the typical drumstick. Study of the capillaries shows that t he
hlood flow in them s slowed, for there is dﬂumgmn (!). There is
an merease in the digital arterial pressure; which raises Qh? ﬂof\'
of blood per unit of surface in the finger bed (5). Clubbing is

, rately seen under the age of two years (€).

* These types are better deseril

Severe cyanosis 1s a sign of the risk of henuplegia i'n in(nn.ls.
partienlarly with the tetrad (7). This is perlmpj associated with
the merease of viscosity of the blood (8)

REFERENCES
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Dextrocardia.

The heart lies on the right side of the chest, with the apex to
the right. Stnetly speaking, the word should not be used for
cases in which the heart is displaced to the Tight because of pul-
monary disease or elevation of the loft half of the diaphragm.

bed as displacements,
The sbnormahty must arise very

eatly in fotal Ufe (1).
Cockayne considers that transposition is due to the formation of
& sinistral instead of & dextral spiral in the viscera. Complete
transposition of the viscera is inherite

2 ed a3 a recessive character,
and is deternuned by a single autosomal gene
h, .-

. ees unage
entricle stil] forms the apex of
ight  This is the commoner variety.
e - Lead 1 g completely
. all the tons pointing downward,
Lead ITand lead 111 are transposed, so'that Jead My the lead 111
of the normal curve. A simlap electroeardiogram can be obtninad
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Cyanosis in Congenital Disease of the Heart

Cyanosis depends upon the presence in the blood of o degree of
oxygen unsaturation that amounts to 6.7 volumes per cent,
According to Lundsgaard and van Slyke {1923) there ave several
causes for cyanosis in congemtal lesions of the heart.

A, Provary Facrors.
1. (L factor). Insufficient oxygenation in the lungs.
2. (D factor). Incrensed deoxygenation in the eapillaries due to
stasis.
B. Secoxpary Facronrs.

1. {Alpha faetor) Venous-artenal shunt,

2. (T factor). Total hiemoglobin content of the blood.

The “I” factor may arise when the blood 15 prevented from
reaching the lungs. Stasis at the periphery will introduce the “D”
factor, The Alpha factor will mean probably that about onc-third
of the totnl volume of the blood is shunted from right to left,
missing the lungs. It will be seen that in some lesions the tendency
to cyanosis will be more severe than in others. For mstance, in
the tetrad, the patent septum and the dextroposed aorta favour
the muxture of venous and arterial blood (“Alpha” factor); the
stenosed pulmonnry onfice favours the “1.” factor Possibly this
Intter cause 1 the more important (9). Falure of the nght
ventricle will mtroduce the “D” factor.

A simple pulimonary stenosis may not be enough to raise the
“D" factor until the right side fails. The Alpha factor may not be
raised until an arterio-venous shunt (as in septat defect, or patent
ductus) is reversed.

Exercise often accentuntes the causes of cyanosis. In infants
it may appear transiently on crying or suckling. Finally, more or
less pari passu with eyanosis, goes the tendency to cotnpensatory
polyeythamin, which increases absolutely the amount of reduced
haemoglobm 1o cwrculation (T factor). Children can liave an
oaygen saturation of 65 per cent without polyey thema ).
Polyeythemia may. by ncreasing the viscosity of the blood,
intgrfcm with oxygenation m the fungs, and so intraduce the e A
factor (2).

Tissye CtiaxGss. Clubbing of the fingers and of i‘he toes
accompanies cyanosis and polyeythxmia, The nose and lips may
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. Abnormalities of the Coronary Arteries

Th\; coronaty arteries start to develop’ about the m'\d of the
second week of fretal hife, before the truncus a?tcnn\‘m nAdu ided
by the spiral septum 1f, when the truneus i disided into the
-pulmonary artery snd rorts, ‘the buds forming the coronary
arteries L in front of the septum, they Will be found 1o arse from
the pulmonary artery. -

The left coronary artery is more wsually nusplaced and may
arise from the pulmonary artery. The supply of vennus blood
causes degencration and fibrosis and calcifieation in the myo-
cardwm (1} Consdersble enlargement of the heart, with gallop
thythm, may result (2) The catdiogram may be abnormal, both

> 1n QRS and T waves. ‘The conclusion is that the supply of venous
hlood at low pressure eauses the ischomic changes in the musele
(8). Patients with this defect do not hve long,

While il effeets result from the ongin of the left coronary
artery from the pulmonary artery 1f the collateral crreulation is
not good, the results 1n other cases may not b so unfavourable.
The origin of the right coronary artery from the pulmonary

- artery 15 not mcompatible with health and survival (3)

These cases may Tesemble congenital whopathie by pertrophy.

A single coronary artery may arise from the aorta. This may bhe
either the left or the nght. In one case, for example, the right
supplied most of the heart, with a small branch round the front of -
the pulmonary artery to the left (5). Tius abnormality in itself
does not matter. Perbaps later on the development of coronpry
thsease may hatve more scrious consequences, as 1 the case of
D Thomas Amnld, of Tughy, deseribed by Latham many years
ago, m hus “Leetures on the Heart.” * . R

‘“"f"ce of the left coronary artery scems to be associated with
much nrhmmlc.clmnge in the musele, ang wnfarction, if 1t does
oceur, 15 extensive {G). ~ .
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" in » normal person by interchanging the wires to the right und left
hands. Similarly, & normal curve can be obtained by this pro-
cedure in a case of dextrocardis. When other congenital defeets
are present this typieal enrve may be modified (3),

“The skiagram 1s o mirror pictare, The storach lies to the right,
and the liver to the left.

Angina peetons has heen descfibed in dentrocardia with
radiation of the pain to the right arm (4). A stmalar distribution
of the pan was noted m a case of coronary thrombosis (5). The
electracardrogram  showed the characteristic changes due to
posterior infarction modified by those of destrocardia. exactly
as one would expect. In another case of anterior tfarction
suuitar findings were noted (6).

Clinically, thus form of destrocarcia in itse}f causes no disability

{n) Isolated, plieated  dextr if without frans-
position of the viscera {7).

a. The arrangement 15 the same as in total transposition with
inversion of the heart chambers, the right ventricle lying in front
and the left belund, The electrocardiogram shows the usual
“mirror image” changes. The aorta may be right-sided. The
abnormabty is of no importance in itself (8} if there are not other
abnormalities. But there are more usually other lesfons, caustng
cyanosis; then the condition 1s smd to be “comphlicated.”

b. Heart chambers nat wverted.

Here the venous ventricle, fymg befund, forms the apex of the
heart, and the artenal ventricle hes m front. No “mirror, image”
is therefore present. The abnormality probably mses later m
intra-utenine life than the other,

Other sbnormalities, such as pulmonary stenosis and pateney
of the scpta, are frequently seen in these cases. The eleetro-
cardiogram will not show the changes due to “mirror image ”
The assocrated lesions may cause serious disability,

Isolated mversion of the abdominal viscera may be assocmterd
with congenital cardiac defects (9).
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CHAPTER 11 N c
INFECTIONS 01': THE HEART, AORTA ANXD
PERICARDIAL SAC
Rheumatic Heart Disease
“  Libman-Sacks Disease
Subacute Infective Endocarditis
Cardiovascular Syphilis
Diseases of the Pericardial Sac

“Ix this chapter it is convement to consider together sarious
topics which are often discussed apart, But although wetiotogy
<diflers on enatoraical and pathalogieal grounds, from a clinical

potnt of view they have a great deal i common,, Rheumatic

heart disease affects all tissues of the heart; there is a close link
between the incid of infective endocarditis and b i

although the former is mawmly confined to the valves. The aottic
lesions of syplulis and rheumatism have a good deal in common,

Libman-Sacks disease has much in common with rhewmatic
disease.

those of other ongin. To duminish entities Tather than multiply
them, as Waham of Oceam laid down, facilitates understanding,

RHEUMATIC HEART DISEASE -
" Probably the most mteresting new advance on the subject of

neute thewnatisra concerns its possible cause by streptococeal
infection and treatment from this angle.
'

tlology
The Streptococcus. Thereis nowa grent deal of evidence that~
fofection of the throat by a group A hremolytic streptococens
pre:cedes the mamfestation of thewmatism in many cases. In one
. epidemic of streptococeal throat infections among rheumatic
children, relapses ?f theumatism oceurred one to thiree weeks after

Some phases of rheumatic pericarditis aresimilar to
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Dilatation of the Pulmonary Artery R
This is a very rare congenital abnormality when 1t oceurs alone..
Great enlargement may he”met with in eases of patent atral
septum, patent ductus arteriosus, and the Eisenmenger complex.
The whole pulmonary trec may be dilated, the aorta may be
hypoplastic. There must be no discase of the Jungs or obliteration

of the arterioles (1). Thére will be a systolic murmur, thrll and |
pulsation over the pulmonary artery. Exclusion of the possible
associated lesions 15 difficult. The thin-walled dilated vessel may
ultimately rupture (2). The valves may be bicuspid. Incompetence

may occur.
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Morbid Anatomy. A minute nodule, first deseribed by Ascholf,
15 the specific lesion of theumatic fever. A small area of necrosis
15 the instial change, and around it eollect Jymphocytes and Yonger
oval cells, the hustioeytes. Nodules appear in connective tissue,
near a small vessel, later they are nvaded by Gbrons tissue, They
are particularly numerous in the intersentricular scptum. and
under the endocardium and pericardium. It is not uncommon to
find an area under the endocardium of the left auncle just above
the posterior cusp of the nutral valve {MacCallum's patel)

Vawvtums, In the valves the Ascholl nodule lies under the
endocardium, which becomes swollen above it. On this area
sre deposited the small warty vegetations consisting of platelet
thrombi  They appear just above the free edges of the valves
where they are dnfen together in slosure.  Mechanicn} trauma
then plays a part 1n the development of these putward sins of an
wward mfammatory process which really nvolies the shole
valie {1} Healmg then takes place and the vegetations are
abrorbied, leaving a thickened ridge. New vesselsare formed and the
vah e becomes Rhrous, This process. Tepeated againand agam, grises
wrsetothestif, thick vales of) d il

g 8
The rutral valve was always found to

¥ 3

€ be diseasesd in patients

dying of theumatic carditis. ‘The sortie valies were affreted 1n
about half, and the tricuspid s alves in abont one-third ).

R P»rmc,\,lmms. This s almost invatably present in patients

i wses between tenand twenty

hetween twenty and thirty

R 4v 21 nuLots in type, effusi ing

Tare; they may be h hagi o 1"1; \:S’m‘“" - “:‘Y oo

resembles those of the myocardium 3

nd endocardium  There 15
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‘
theattack (1). Further work has shown that infectién with strepto-
cocei in the throat causes the production of various antibodies in
the blood. These are specific, and include precipitins, agalutins,
anti-hemolysins (2). The titre of these antibodies rose steadily
and persistently in rheumatic subjects. Tlic response in the
develoy of the i resp in rheumatic subjects might
be delayed in the onsct, but persisted longer than in normals.
From this it might be mferred that the rheumatic subject deals
with the product of streptococeal infection in an abnormal way
(38). Some substance may be released mn rheumatism which
modifies the mesodermal structures. This release may occur when
there is immune response to the hemolytic streptococens (4). The
response causes damage to mesenchymal ground substance with
hyperplasia and proliferation of prinutive cells (5). Sensitisation
may occur, and if orgamsms survive the delayed immune response,
a further release of antigen from them may provoke the inflam-
matory reaction 1n the tissucs (6). '
It would appear that with special technique and precautions,
heemolytic streptococci can be cultured from many sites, notably
the heart valves {7) {8). The case ngamnst the hamolytic strepto-
coccus is very strong, but the reason for the reaction to tt which is
peculiar to the rheumatie subjeet 1s still obscure, !
Assoctatep Causes. It has long been known that elimatic and
environmental factors are important m eausing rheumatism. The
disease is commoner 1 large towns and wet climates There are
the social causes which operate “m poverty, hunger and dirt.”
Poverty, which mntroduces the possibilities of malnutrition, bad
clothing, and exposure to cold and damp, and fatigue, plays alarge
part. The disease nifeets the young. Famihial meidence 1s often
conspicuous, and heredity may be important. It has been suggested
that the mechanism involved was a single autosomal recessive
gene (9).
“ Tur Virus IIvrotnnsis, Particles have been found m the pen-
cardial fluid which may be elementary bodies (10). Agglutiation
reactions on these bodics were, however, somewhat erratic (11).
Further agglutination tests showed that many varieties of sera
reacted with them, How far a virus may play a part n acute
rheumatism is still uncertain; but httle further evidence has

acerued. -
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Clinical Features, The chnical signs of theumntic carditis
depend on the severity of the imvasion  In the most severe cmfs
the heart is overwheimed. The child will have fever, !ncl.\ycnn.lm
and pericarditis, and die of general toxzemia, Thus ty pe of mfc‘chon
15 fortunately uncommon, amounting to only 5 per cent of all cases
(1) When failure comes on, 1t tends to be “right \'cntnculur'.‘ in -

* type from the start. There is poffiness of the face and the weight
‘ncreases unexpectedly. Right axis desiation may appenr in the
cardiogram, with Teturn to normal on recovery. The venous

. pressure mses Tapudly, and the hver becomes engorged (2}, A
gollop thythm may be heard. Moderately severe emses have
fever and tachycardia and pericarditis, with less general con-
stitutional disturbance, Pulmonary lesions may develop at the
base of the left Tung  Arthritis and erops of nodules furnish
additonal evidence of rheumatism. Erythema matginotum and
purpura are not uncommon, The héart enlarges and the apex beat

' may move out as much as two inches to the left, for the ventricles
.become dilated. This myocardial weakness is out of all proportion
to the prevalence of the Ascholl's bodies. A systolic murmur
1s audible at the apex. In the carly stages this is due to relaxation
of the mitral nng  With recovery it may disappear, In other
eases the murmur in course of time becomes harsher and is heard
out in the axilla. The second sound may appear to become
reduphcated, and the new sound develops into an early diastolic
murmur, These are the cases that are lkely to develop mitral
stenosts later i

It 15 important to remember that carditis may exist wath but
few of these Ap tact ia in a
child, for which no other cause can be found, sl”:’ould suggest
carditis. Observation of a rmsed sleeping pulse rate is very im-
portant. The rapid rate of an excitable child settles during sleep

Latext Tyre. In many cases the constitutional dnsturb:mcc;
are shght. The child 15 hstless and pale and loses its appetite.
There may be failure to gam weight, or loss of woight. Tru}:wien;.'
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a fibrinous exudate ov erlying conncctive tissue prohfemtlon. with

fikroblasts and new vessels and Aschoff’s bodies.

The parietal pericardium becomes very thick, and adhesions '

may extend outside it. Dense adhiesions ultimately bind it to the
surface of the heart. Pick’s syndrome, however, does not result
from this ipflammation (2). . .

The lesions of acute rheumatism are widespread. The
charactenstic histological changes are scen in the subcutaneous
nedules and around the jomts. The aorta may show- arens of
subendothelial flammation. The same lestons may be found in
the pulmonary artery. The lesions of the bramn cause chorea.

Pursoxary Lrsioxs. A form of pneumonia has been
described (3), A fibninous alveolitis is smd to be'the conspicuous
feature, in which the alveolar ducts become lined with hyaline
“membrane.” There 15 later mononuclear infiltration and coprous
albununous exudate. The lungs are dark and solid. It is doubtful
how far this lesion 1s specific for rheumatism. Other observers
have faled to find speesfic Aschoff bodies, They consider that
the changes are the result of (‘nplllnry damage, simular to that in
other parts of the body (4) -

There is no doubt that in acute pericarditis the base of the left
lung often becomes inhibited n expansion, and airless, and dull.
Distant tubular breathing may be heard. The night side may be
affected as well The embarrassment to respiration may become
severe if the patient 1s kept lying flat, and the signs dumnish if
he sits propped up.  One would infer from the rapidity with which
these changes may come and go that massive collapse plays an
important part in their production; and that lying (lat is a bad
posture for the patient with acute pericarditis. He should be well
propped up.

Search for the stigmata of rheumntnm in hearts considered to
be free from rheumatic fection showed that they were actually
very common. These were usually near the base of the mitral valve.:
The signs taken as indicative of past rheumatisn: were arteritis,

*fibrinoid changes, changes in the elastic tissue, Aschoff’s bodies
and histioeyte infiltration (5). The prevalence of those lesions,
if indéed they are rheumatic in origin, suggests that some form of
rheumatic reaction is far from rare, but that most people are
sufficiently immune to prevent the development of valvular lesions.

' v
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Clinical Features, The cumicnl signs of rhenmatic carditis
depend on the severity of the invasion. n the most severe cases
the heart is overshelmed, The child will have fever, tachycardia
and pertcarditis, and die of general toxenua  This type of infection

_ s fortunately uncommon, amounting to only 5 per cent of all eases

(1) When failure comes on, 1t tends to be *“nght ventricular” in
type from the start There 15 puifiness of the face and the weight
increases unexpectedly. Tuight axis deviation may appear in the
cardiogram, with return to normal on recovery, . The venous
pressure nises rapidly and the Lwver becomes engorged (2), A
gallop rhythm may be heard. Moderately severe cases have
fever and tachycardia and pericarditis, with less generul con-
stitational disturbsnce, Pulmonary lesions may develop at the
base of the left Tung. Arthritis and erops of nodules furnish
addstional evidence of rh Lrythema matginatum and
purpura are not uncommon  The heart enlarges snd the apex beat
may move out as much as two inches to the left, for the ventricles
become dilated. ‘This myocardial weakness is out of all proportion
to the prevalence of the Aschoff’s bodies. A systolie murmur
s sudible st the apet. In the early stages this is dué to relaxation
of the mitfal ring. With recovery it may dissppear. In other
cases the taurmuwr 0 coutse of time becomes harsher and is heard
out’in the axilia, The second sound ‘may appear to become

reduplicated, and the new sound develops 1nto an early dinstolie
murmur. These are the cases that are bkely to dey clop mitral
stenosis tater -

. 1t is important to remember that carditis may exist with but
e of these mamfestations, A persistent tachycardia in a
child, for which no other cause can be found, should suggest
carditis, Observation of 2 raised sleeping pulse rate 15 \'cr;ggim‘
portant. The rapd rate of an excitable child settles duning sleep,
Latent Type, In many cases thé constitutional dlstuxh.\mc;
ate daght. The hild is fistless and pale and loses its appetite.
There may be falore to gain weight, or oss of weight. Trpsmienl'. °
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A Fie 13 B
A —Rheumatic carditis  Note prolongation of P-R
wterial, merging P with preceding T. and slurmog of
ventricular complex
B —Frow the same case  Returr to normal sume months
later

pans i the hmbs may bave been noted. There may, however
be a rased sedumentation rate, which may persist for a Jong time
(8). There may be no fever, no arthribis and no nodules {although
even onic only will be dingnostic of sctive disease), The heart,
however. shows shght enlargement, with a well developed apenl .
systolic murmur  Fhe heart has receved permanent damage
with but few distinctive signs

Brectracarntockans  Hearr Broes, There are t\m possible
eauses. It has been showsn that m some cases the delay condue-
trion msy be temporanly abolished by stropme {4 It may
therefore be fuded that the prolongation of the conduetion
these cases was due to merease wn agal tone (5} In a few
enses the block 1s permanent and not changed by atropine. It
has been found that there may be Jesions of the collagen hbres
1 the upper part of the septum  These may cnelose and compress
the bundle when thev heeome swollen (6}

Pressure on the carotid sinus increases the bloek when there s
achve chsense, particularly when the P-R interval 1s about .38
to 0,90 seccond  In normal persons this merease docs not ocenr,
Thus renction may be evidence of active discase {7). (Fig. 18. &8

and b.)
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T M

Trom a child of ten wath paws and

A —Rhegmatic carditis

sught carduec enlargement  Note small Twaves
B —Note larger T-waves sesen weeks later

Extrasystoles may be noted, frequently ﬂllﬁ(‘l,l‘ﬂr in ongin,
‘There may be depression of the S-T interval. The curves of peri-
carditis are described elsewhere (p. 87). There may be flattening
of the T-waves. (Fig. 14, a and b.) R

These changes ate not common 1n children who are well enough
to be up and about. There may be prolongation of systole in acute
carditis, as 15 shown by measurement of the Q-T tume (13),

It 15 suggested that hypertrophy of the left ventricle rather
than of the right may account for some of the changes fotind in
precordial leads The ordimary standard leads may be quite
musleading.  Confumation by autepsy is needed to settle the
matter (14)*

Prognosis. The survival rate was investigated by Coombs, wha
followed a large number of eases over a long penoli {1).

Of those with defimte signs of carditis,
completely,

one-quarter recover

0 Though exceptions oceur, the signs will usually

disappear in these cases within one year,
3



* rheumatism (11).

Including only those with Including also all suspicious
definite signs of carditis. cases.

5 per cent did not survive one -
year. ) ‘.

22 per cent died before the | 19 per cent dicd before
age of twenty, twenty.

42 per cent survived with 37 per cent survived with
damaged hearts. * damaged hearts. R

31 per cent recovered *com- 44 per cent recovered.
pletely.

In another series of 175 patients, 50 per cent sustamed no
permanent cardiac damage. If valvular lesions did not develop
in the first attack they were unlikely to do so later on n spite of
further attacks (8).

Twenty-two per cent do not survive to adult life. The average
age of onset in this series was 10 years, so that thesc patients
lived less than 10 years from therr first attack.” They form a group
for whom little can be done, For some rcason they are peculiarly
susceptible 1o nfection With rheumatism They go downhill
through a series of remfections. Surmounting the first attack of
earditis, they are left with a Jesion of the mutral valve, After a
year or two they have a second attack. This may betray itself by
tonsillitis, or by fever, or arthritis and subcutaneous nodules. Or
the only sign may be that the aortic valve 1s now incompetent.
Alternatively the first or second attncks may leave pericardial
adhesions, and the heart may slowly but steadily increase in size.
Finally, they succumb to an infection they can no longer resist,
and a prolonged bout of fever leads to death  Or later on at
puberty auricular fibrillation sets in, aud they die with all the signs
of circulatory failure. Tlhe process in these cases has been well
named “malignant rheumatic earditis” (9)

It seems clear that progressive cardiac enlarg, 1s always
a bad sign. The mortality 1s higher than when enlargement is
absent, or when the degree of enlargement remains stationary (10).

PoLvarTERITIS Noposi. Cases have been recorded where the
lesions of polyarterstis nodosa were combined with thosc of
The patients had polyarthritis, endocarditis




* TREATMENT -8
and fever. There was a history of searlet fever in two. While
under ohservation they had severe abdominal pain, snd purpura
After death, Aschofl’s bodies were found in the heatt. as well as
the typical lesions of polysrteritis in the arteries of the leart,
Kidneys, and abdominal Viscern.

The abdormmal pain was sufficiently sesere to lead to laparotomy
in two inst Al i

1 pain is il met in enrditis.
In Henodh's purpura st ¥ associsted with purpurie eruptions, In
those cases who do not respond to salicylates, the possibility of a
polyartentis nodosa should be borne in mind,

Tt would appear that when carditis occurs in children either
afone or with subcutancous nodules, it is more hikely to cause
permanent damage, than when polyarthritis is a conspicuous
Feature. Chorea 1s less usually followed by carditis. In adults
the fiest. attack of palyarthritis is les often followed by earditis
than in children. In adults serious damage from an initial attack
of carditis is alvo less probable than i’ younger patients (12).
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Savrcveates.  Sodium Salicylate. For nedrly sinty years at
least, large doses of sodium salicylate, 120 to 160 grains daily,
have *been ree ded for acute rt 1c fever. As it is
now, possible to estimate the level of salicylntcs\ in the blood,
interest in this topic has revived. The optimum level is about

+ 850 40 mg. per cent. This is achieved m an adult by 10 grammes

(150 grains) daily (1). Another method of dosage is to yive,
14 grains per pound of body weight daily. The drug has been given
intravenously, 1 grain per pound in a 1 per cent solution at
six-hour intervals for six days. There is thereby serious risk of
severc toxic effects. These may be hypothrombinemia and
diminished coagulability of the blood (2) This method has nothing
to recommend it. It is doubtful whether there is any protection
gamed agamst cardiac compheations. The fever and arthritis
are, of course, controlled, as has long been known. Some prefer
aspirm, 80 to 60 grains daily, often mn the form of calelum aspirin.

«  Convalescence. A prolonged convalescence 1s necessary. Iron
may be nceded for anzmia. A special heart home 1s a great
advantage, for education can be continued, and a child with a
rheumatic heart does better with other children sulfering from _
the same disability as herself.

After Care. Schooling must not be neglected. Special care should

, be taken to guard a rheumatic child against chills. Changing of
wet boots should be enforced rigorously ; woollen stockings should
be worn. The value of tonsillectomy has been the subject of
discussion. It is not safe to remove tonsils while there 1s any
activity of the rheumatic infection. The absence of tonsils does
not provide any safeguard against the cliuld having sore throats
due to infection of the nasopharynx with hemolytie streptococei.
Some have thought that enucleation of the tonsils does not duminish
the frequency of subsequent carditis (3), but the presence of already *
scptic tonsils must make the cluld more liable to infection, and
remfection 1s the cluef danger. It is wise, therefore, to remove

' septic tonsils during a period of quiescence (4). .

ProruvLactic TrEaTENT. This may be considered under
two headings. There are the general health measures without which
individual steps are of but hittle avail. There is no doubt whatever
that 1n order to reduce the incidence of rheumatism the evils of
bad housing, and under nutrition must be chminated so that the
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nvironmental causes which scem (u‘d:}erlxxlnc the rcuc'tl:x: \::"\I\:‘b
Avidual ol y ey "
:mscd. Th;: \:‘illel be ;:mre effective than individual prophylaxis
i reptococeal throat infection. .
ag;’::;htni;&m A pood deal hias been 'nuefnp\cd by ghing
protonged prophylactic courses of sul.phamlaml.dc (.v rheum'nuc
chldren. Tnone semes, 1 to 2 grammes of sulphanilamide was given
Qaily through winter and spring. In the controls .thcx.-c wc'rc 89
per cent of infecthions with ‘h:cmo\y\ic streptococt, with 19 per
cent of major theumatic complications. Among the treated there
were 2.7 per cent of infections and 1.1 per cent developed sequele
(5) Inanother series 813 paticnts were treated ; 1 h') 1.2 gramme
of sulphanilamide was given daily. There were no major thewnatic
sttacks among those treated, but 15 orcurred among controls (6).
Tn another chnic there were 1R infections among 30 patients, of
whom 14 developed rheumatic sequelie. Only 1 out of 5 treated
with sulphamfamide developed an pl d infe (7).
In a summary of the four clinics there were recurrences of theuma-
Usm 1n 6 out of 352 treated cases, while there were 77 among 356

untreated controls (8)-

Sulphadiazine has also been used in doses of 1 gramme daly,
There was 15 per cent of mild reactions {9). In another series 35 .
per cent showed reactions with this drug, 1 gramme daily being
given. Sulphathiazole caused reactions in 5 per cent (10); 0.3
gramme was given daily for ¥ to 2 years, . -

On the whole, the toxie reacuions are bkely to oceur, if i al),
early 1n the course, The patients must be watched carefull'y, and
examined from time to time for albuminuria and teucopema,

Patients are wamed to report any rash, and to discontinue the
. drug if any febrle Dlness, ot sore throdt ocours  The trentment

should continue at least all the winter, and <ome supgest all the
‘year round,

Salieylates. Tn a series of 186 cases, 4 1o 6 gramines (ﬁn\ to 90
grains) of sodwm salicylate wete given daily for some menths,
One rheumatic attack occurred among the 47 treated cases,
57 developed among 149 untreated Ppauents. 1t was no(cd‘

there was no modifieation of the enti-

and -
! \ that
steeptolysin tire 11),
These figures for sulph ides and ? ') are '( .
and further results over longer penods of time will he m\u:!ul vull:-
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interest. H the patients can be relied on to take the drug regularty
and there is adequate observation, the Tisk of untoward reactions
is not large, and the prospects of benefit are considerable. It
Temains to be seen wWhether the treatment is really practicable.
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Chronic Rheumatic Heart Disease. About one-quarter of
all cases of rhewmnatic heart discase i adults have no recollection
of any aente attack during childhood. In them the originaf
mfection was latent. It was insufficient to cause signs or symptoms,
hut sufficient to start the cicatrising process whieh leads to valvular
inefficiency.

The use of the term “chrome theumatic heart disease’™ is in a
sense misleading, since reinfection continues to recur. In a study
of 160 nectopsies critera af activity were found in the following
proportions among the different age groups. In those dying up
to the age of 20. signs of actvity Were present in practically all.
In the 46 cases dying between 10 and 50 years, 40 per cent had
achive lesions ; 28 cases passed the age of 50, one of whom lived
to 80 with a mitral and nortic stenosis  In them, hypertension,
atheroma and emphysemn played a part, and only 19 per cent
had sny sign of activity. The conclusion is that, up 1o 50 years
of nge, deaths in rheumatic heart disease from eireulatory fasture
are due to reinfection rather than to the mechamienl stress of the
valvular lesion (1)

Mitral Stenasis. The mutral valve is nearly always diseased
in rhenmatic hearts. Pure mitral stenosis 1s found i women thrice
as often as in men. This may be due to the ugh werdence of
chorea m girls § it 35 not uncommon Fo meet mitral stenosis with

a history of choren years before in chlldl}nod, .

The physical sign of butral stenosis is the diastohie murmur.



Prate 9

Mitral Stenoss and Aureular Frbnillation,

Note prominence of pulmonary artery and conus of right ventricle.
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It may be short in presystole’or it may be signalised by a long
diastolie rumble. The murmur is not represented as being truly
crescendo in sound records. This ts an auditory illusion due to the
fact that the murmur ends in o lond first sound, of an abrupt
accentuated character. When the murmur is very short this type |
of soand should give warning of the possihility of its presence and
suggest careful search It is easily missed owing to its loeal
character, In a doubtful case it may be elieited by auscultating
with the patient i the left lateral position, particularly when the
heart rate has been nccelerated by exercise. Delay ‘in aurienlo-
ventricular conduction may place the murmur in mid«liastole,

Auricular fibnllation will abolish the presystolie murmur
{auricular systolic). any mud-diastolic clement persisting. In young
patients with earditis the first indieation of mitral stenosis is an
early diastohc murmur. The apex beat is slapping and staceato

Evidence of the increase m pulmenary pressure ts givenby the
accentuated pulmonary

sccond sound This has Sy M"‘M" . ;
beenc d by theintra- - -

cardiac catheter (3). On ——
screening, the shadow of 1- - '
the pulmonary artery and F*—h

its left branch 15 enlarged -R - ..
and below 1t can be seen” m o/ \-f -

the bulge of the shadowof 7 — ~ — \'ﬂ'
the hypertrophied conus of

the nght ventricle (Plate
9). Most unportant of all
is the enlargement of the
left auncle(Plate10), seenin
the nght anterior obhque
position projecting back in
the upper two-thirds of the
tetrocardiae space (see

Plate 10). Barum m the so;
of this shadow,

Large P-naves 1n mural

steng .
Vanis deviation 0+ FISHE

Pliagus helps to delineate )
y the bord
¢ d There are shadows of general engorgement e
puimonary ewculation (Plate 11) sorsemant of the
Cardiograms, These shoy lary .
ge P wayes, 1
r + especiall;
and and night avs deviation (Fig. 13), ﬁwu"h} \"?f}fnl(:g 1
2. Lo
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degrees of stenosis the curve may be vornial. In advaneed cases
the cwrve shows right ventricular hypertrophy (Fig. 16).

The special cifects of mitral stenosis are the liability to ausicular
fibrillation sooner or later, and the wncrease in pressure in the

Right ventricular hypertsophy sn

matral stenosis  Aurcular tibrilla-
tron © Chest leads show large R
wavesn Vy and Vg 15 negative
from Vyto Vs Theheartes vertical

pulmonary arculation.

Mitral Regurgitation, In
some cases of mitral disease only
& persistent harsh systolic apieal
murmur is beard. Tins sound
must be produced by reflux into
the auricle. But the pathologieal

basis of ths murmur 1 shil m

some thspute. The valves are
presumably abnormal. From the
evidence of phonocardiograms. it
has been sugpested that the
systohe murmur, when no pre-
systohe 18 heard, is due to
auricular systole and should be
regarded as evidence of mitral
stenosis (21). It may be safer at
present to keep to a pathologieal
change and use the term ‘mutral
disease” (2}

Rurruvrr of Cuordi
Teepisex.  Apart from the
destructive  effect of bactersal
endotarthtis, the lesion may
oceur in many rheumatie valves,
The rupture allows free regurgit-
ation into the auricle and s
marked by the appearance of 8
loud systoliec murmur and some-
tumes a thull at the apex.
Heart farlure may develop rapd-
1y, or its onset may be insidious.

But in some cases the onset 1 delayed for months or years {3).
Rupture of a papillary muscle, winch may result from trauma,
causes simular signs, but rapid fasture swith acute pulmenary

)

s
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Mitral Stenosis.

Engorgement of pulmonary veins.
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degrees of stenosis the curve may be nornfal,  In advanced cases
" the curve shows right ventricular hy pertrophy (Fig. 16).

The speciat elfects of mitral stenosis are the liability to auricular

fibrillation sooner or later, and the incrense in pressure in the

Right ventncular hypertrophy in

sutral stenosiz Auncular hbnila-
tion * Chest leads show large R
waves i Vyand Vy T s negatne
fromV, toVy Theheartis verneal

pulmonary circulation.

Mitral Regurgitation, In

some cases of mitral disease only

8 persistent harsh systolic apieal
murmur 15 heard. This sound
must be produced by reflux into
the anncle  But the pathological

basrs of this murmur is stdl ie

some dispute, The valves are
presumahly abnormal, From the
evidence of phonocardiageams, it
has been suggested that the
systolic murmur, when no pre-
systolie 15 heard, is due to
aurieniar systole and should be
regarded as evidence of mitral
stenosis {21). It may be safer at
present to keep to a pathologieal
change and use the term ‘mitral
dwsease’ ()

Rupri 2t or CHORDE
Teapinie.  Apart from  the
destructive  effect of bacterial
endocardatis, the lesion may
og¢reur in many rheumatic valyes.
The rupture allows free regurgit-
ation nto the aunele and s
marked by the appearance of &
toud systolic murmur ang some-
tmes a tholl at the apex.
Henrt fmlure may develop rapid-
Iy, or its onset may be nsidious.

But 1n some cases the onset is delayed for months or years {3)-
Rupture of o papillary muscle, & hich may result from trauma.
causes similar signs, but rapid fmlure with scute pulmonary

s
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edema is almost invaciable, pacticularly it myocandial infarction
has led to 1t.

Apart from these causes, mitral reflux will be found ns a result
of incompetent valves in grossly dilated left ventnicles, such as
oceur in hypertensive patients, or in those with aortic reftux of
syphilitic origin; or when an infaret has caused damnge to
papillary fouscle so that it ntrophies.

CaLerricATioN or itk Mrruat VaLye.” This oceurs in the flaps
or at the base of the cusps. Rheumatic infection usually precedes
it (18). It may not infrequently be found in old people at the
base of the mitral valve in the snnulus fibrosus, A loud and harsh

systolic murmur may be heards It may hasve eaused no signs or

symptoms at all, only being found at autopsy. ¥xamination of
the specimen hy X-rays shows the ealcification well {19). In the
skiagram the caleified tissue may be seen (4). On screening, the
valves may be seen to move towards the apex at ventricular
systole (20). ’ :

PuLsonary ARTERY. Atheromatous degeneration may be found
both in the trunk and

Lol

also in the main branches, presumably
1

owing the ine d T ¥ pressure, which may reach
a high level. Normally the right ventricular

estimated by intra-cardiac eatheter, averages
gives the pressure of the pulmonary artery. In mtral stenosis the
average was 41 mm Ug.: when there was failure it rose to 103
mm. Hg. (5) There is no wonder that the thin-walled artery
dilates ’and that the pulmonary valves become incompetent, s:)
that the Graham Steell murmur is hearq, ' ’
Harurrss MURMURS, At the a ex soft systoly
often heard 1n persons thoupht to bl; heahhy.- Onz :::;“ :xr:l:(;:
the murmur that may mean the onset of endocardibis in patients
with active rheumatism. If the heart is normal in siz Y v
systohc murmurs at the apex or base are of no acroun:‘ Vggu‘e
. murmuts may \?c hzmic or exocardml, The hemic m e s
usually found with anema, byt ;¢ may be present apart "Urmurlls
particularly at the base of the heart, Itjs T et iy

in localisation and conduction It g ::R",ﬂlf:“:gl Land vague

systolic pressure,
25 mm. Hg. This

~
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of the heart, usually on the left. They depend for their origin
upon the mterruption of the filling of the lungs with air by the
movements of the heart. They are usually related to'n particular
phase of respirntion, especially inspiration. They are sometimes
very obviously an interrupted breath sound. Holding the breath,
especially m expiration, abolishes them, Indefinite murmurs of
this nature should always be mnvestigated with the patient recum-
bent and standing. The site and extent of maximum mtensity
should be noted. Some are best heard between the apex and the
sternum. and tend to sprend towards the pulmonary area. There
is one type, rather louder and coarser than the others, wiich s
heard late in systole, following the first sound by an mterval and
running inte the sccond sound. Its causation 15 obscure; it is not
associated with any ather abnormahty and remains unchanged
for years. Tt 1s no doubt harmless. The error 1t ocensions s to
mustake 3t for a presystohie murmur by taking the second sound
for the first, and diagnosmg mutral stenosts  Srmlarly, miteal
stenosis may be erroneously disgnosed when an mnocent apical
systolic murmur 1s found i & nervous young adult w sth & loud
mitral first sound and a thurd sound carly in diastole  This is a
common chrical combnation, conspicrious when the patient hes
on his left side.

It has becn suggested that here the normal mtral opening 15
relatrvely too small for the rush of blood and so 1 a sense relatively
stenosed ; henee the signs (6). It seems more Itkely that the thard
sound is due to vibration sct up n the wall of the empty ventricle
by the mrush of blood early in diastole.

Cyanosis 1s apt to oceur early 1n nutral disease.  There appears
to be an increase m the penpheral utihisation of oxygen, due to
a slower flow of blood: eyanosss 15 then of perspheral ongin
There is 1n some cases a decrease i the oxygen saturation of the
artennl bloed, the result, perhaps. of changes i the walls of the
pulmonary alveols. It has been suggested that there may be shght
obstruction to the superior vena cava by some obstacle winch the
passage of » eardiac eatheter reveals, possibly the large left aurtele.
This has been beld to account for the cyanosis peculiar to the nutral
facies (7).

1 aopTYss is quite a common oceursence.  There are several
M rmn svvnsr e prmndindy esusineg  infiretion

Yy




-t LEFT AURICLE co
Parosysmal hemorrhages MAY ocent i young X“"‘“"‘;\‘: ";":I:
sttacks of profuse bleedng Jasting several dnys. 'l he shiag X ¥
of the lungs show a general 1oss of translucency similar to that

monia (8! : .
m',rlhl: x{’\::\l::mism \Es-.zy e due to imerease of pressure on exertion
from a strongly acting right ventricle. . This acts on sclerosed
pulmonary vessels, which rupture under the strain (9) (10}, 1t
Tias slso been shown that there 15 another possible sausee far the
Bleeding, the presence of dilated \cins in tlm‘broncl':inl tree (11}
The prognostic sigficance of htnoptysis varies with the eause.
When the heart 15 not enlarged it is not serious. The bleeding
wsef 11 not dangerous, but it may pomt to advanced
disease (12)

Tur Lerr Avricts, The left auricle may enlarge greatly, and
then 3t extends to the tight and becomes visble through the
shadow of the large right aunicle, or extends beyond it at a rather
Higher level, Cases have been recorded where the left auricle has
teached the npbt side of the chest The acruic arch prevents
expansion to the left; the mitral murmur, conducted mto the
huge left auricle, may be heard in the right anterior axillary line,
(Plate 12 ) The left recusrent laryngeal nerve may be compressed
and become paralysed, but the diated pulmonary artery may be
a factor here, as paralysis occurs with the large pulmonary arfery
of patent ductus arteriosus. Upward pressure may compress and
splay the main bronehu, and even eause collapse of the left lung,

* The dilated left auricle may press on the spine and cause pam hy
erosion of the vertebrre {17). A dilated fibrillating left auricle may
be the seat of a tall thrombus or mysoms. This may be attached
ot be free, Such a clot may suddenly occlude the nutral vake
and cause syncope, or sudden death (13) The attack of s ncope
15 marked hy pallor, pains in the bmbs, duappearance of the
pulse (p 90).

Aortic Valvular Disease. Discase of the nortic valves glone
of theumatic otigin 15 not wncommon, Dut of 200 cases of rheumatic

aorhie valvular disease, the aortic valves were affected alone iu
38 per cent; the mitral valve was also dneased m the remandér
Q4). Tn cases of wmitral stenowy, aortre fesions were present
addition n about half (15). e
The conclusion 15 that aothie dicence e 1.
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of the heart, usually on the left. They depend for their ofigin
upon the interruption of the filling of the lungs with air by the
movements of the heart. They are usually related to a particular
phase of respiration, espeeially inspiration. They are sometimes
very obviously an interrupted breath sound. Tolding the breath,
especially in expiration, abolishes them. Indefinite murmurs of
this nature should always be investigated with the patiént reeum-
bent and standing. The site and extent of maximum intensity
should be noted. Some are best heard between the apex and the
sternum. and tend to spread towards the pulmonary area. There
is one type, rather louder and coarser than the others, which is
heard late in systole, following the first sound by an interval and
running into the second sound. Its causation is obscure; it is not
associated with any other abnormality and remains unchanged
for years. ‘It is no doubt harmless. The error it oceasions is to
mistake it for a presystolic murmur by taking the second sound
for the first, and diagnosing mitral stenosis. Simularly, mitral
stenosis may be erroneously diagnosed when an mnocent apical
systolic murmur is found in a nervous young adult with a loud
mitral first sound and a third sound early in diastole. This is a
common chnical combination, conspicuous when the patient hes
on his left side.

It has been suggested that liere the normal mitral openung is
relatively too small for the rush of blood and so 1n a sense relatively
stenosed ; lience the signs (6). It seems more likely that the thurd
sound 15 due to vibration set up m the wall of the empty ventricle
by the inrush of blood early in diastole.

CyaNosis is apt to oceur early i mitral disease. There appears
to be an increasc n the peripheral utiisation of oxygen, due to
a slower flow of blood; cyanosis 1s then of peripheral ongin.
There is 1n some cases a decrense i the oXygen saturation of the
arterial blood, the result, perhaps. of changes mn the walls of the
pulmonary alveolt. It has been suggested that there may be shght
obstruction to the superior vena cava by some obstacle which the
passage of n cardinc catheter reveals, possibly the large Ieft auricle.
This has been held to account for the eyanosis peculiar to the nutral
facies (7).

JLEMOPTYSIS is quite o common occurrence. There are sev eral

. possible causes. There may be emboli causing infarction.
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Calcification of the Aortic Valves. At autopsy it is nol
uncommon to find caleified rortic valves, Usually this is associated
with much fbrosis of the valves and a severe degree of stenosis.

Parnotocy. The valves are thickened, fused and caleifled.
1t may be difficult to decide whether the breuspid condition of the
valves was ongmally a congenital defect, or has ansen as a result’

, of fusion from an nflammatory process, Fusion may also occur

tn the purely degenerative type.

“Inflammatory Type Tn tius sort theumatic endocarditis has pre-
ceded the calmfieation. The main deposits of calcium salts are in
the upper part of the valve and more on the outer surface (1, 2).

‘The mutral valve is also diseased, and not uncommonly there ix

evidence of past penicarditis. There may be microscopical evidence
of past myocarditis (3). There may Lave been n Instory of past
rheumatism infection  The sex ineidence is about equal (1). It
is held that the majonty of bieuspid aortic vaives i adults are
the result of fusion through a rheumatic mflammation (3). Occa-

stonally 1t seems possible that a healed subacute bactenal endo-
carditss has led to fusion and ealeification (5)

Degenerative Type. In this the caleification s in the depthy of
the valve pocket and more on the aortic surface (1,
are no stigmata suggesting rheumatism. The mtral valve is
normal, There 15 a pure degeneratne process of the collagen
fibres which leads to ealafication (6). In these cases females are
far less common than males, and the subjects are older,

Crrxicar Frarures, Clinteally the stenosis givesrise 1o the
signs already desertbed. Regurgitation oceurs in about one half
of the eases (7)

2).  ‘There

The presence of calerfication can be demonstrated n slaagrams



60 . RHEUMATIC HEART DISEASE

T, .
one-seventh of all cases, and is about one-quarter as ecommon as
mitral stenosis.

Aortic INCOMPETENCE is the usual finding. A blowing diastolic
murmur is audible to the left of the sternum. It is generally most
distinct at the third left intercostal space, but is often audible at
each of the ndjacent spaces on either side and nlso in the-aorti
area. The murmur is best heard in full expiration with the patien’
sitting up. The peripheral signs are not helpful in very early cases

Aortic Scirrosts.  Thickening and stiffening of the cusp:
Ieads to some narrowing of the outlet. Some grade of narrowing
is not uncommonly associated with nortic reflux, Clinically nortic
sclerosis is charncterised by a loud, harsh systolic murmur,
conducted up to the arteries in the neck. There is no thrill.

Aortic StENOSis. In addition to the loud, harsh murmur
conducted upwards, there 1s always a systolic thrill over the aortic
area. This 1s best felt with the palm of the hand, in full expiration,
the patient leanmng forwards. The second sound is famt. The
pulse is anacrotic. The systolic pressure is often low and the pulse
pressure small. As a result of‘rheumatic disease there is often a
combination of nortic stenosis and i petence, neither hi
the degree cither may attamn alone, and perhaps 1n consequence
not 1ll-tolerated for a long time.

Associated with free aortic reflux angma pectoris may oceur in
the young. These attacks may take place at rest and during the
night, as well as on exertion. There is usually a good deal of
vasomotor instability. Nitnites relieve the pain, The attacks may
be dangerous (16).

CousiNnep Aortic axp MiTrar Disease. When the sortic
disease is accompanied by a mutral lesion, there appears to be
less tendency for severe mitral stenosis to develop. This may in
a sense be an advantage.
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TRICUSPID DISE.SE 03

Tricuspid Disease. Some degree of theumatic i‘nllanm}u(iou of
the tricuspid valves is not uncommon. “. may he presc ntin abowt
20 per cent of cases with snitral stenosis (1), This agrees with
another senes where the figure was 22 per cent (2). Asa l:(‘ﬁllll of
thus damage stenosis may develop. Stenosis of the tricuspid yalie
oceurs n about § per cent {3) or 14 per cent (2) or,6 per cent {8}
of autopsies on patients with theumnatie heart disease  Incompet-
ence of the tricuspid v alve may result from dilatation of the right
ventricle apart from any valvular lesion, There may be slight
thickening of the flaps snd shortening of the chonlzx tendinc
as a result of rheumatism, or it may be present in association with
actual stenosis. . °
Cirvicat, Disexosts. 1t has aleays been consdered diffieult
- to diagnosc tricuspid diseasc, particularly stenosss, with certainty.
An important sign is strong pulsation in the jugular scins when
the patient reclines at forty-five degrees. Whereas this is, in fact,
a sign of tneuspid regurgitation and so may be transient, as a
result of relative incompetence  Cooke and White {5) hold that
there 15 strong probability of tricuspid stenosis in a patient sbont
forty or fifty who has had rheumatic heart disease, and who for
years has exhibited strong systolie jugular pulsation with but
Tittle sign of congestive failure.  Associated with the jugular
pulsation poes expanstle pulsation of the liver. This is best
detected bimanua}ly. In contrast to its size the hiver is but Jittle
tender. The right auricle 1s usually greatly enlarged to the nght,
and shows clearly w the skagram. The enlarged right auricle
may push the esophiagus to the left, as may be seen in the anteca-

posterior position when 1t 15 filled with banum (6). (Plate 133
Therers,agn= 1 ~=*  * ~

eirculation (2
- -

. ether,
/
‘The murmurs are dMicult to distinguish. These eases have a
severe mitral stenosis, and not uncommonly aortic stenosis and
‘:Iubam rtlﬂux das we‘l‘l {3). The mitral and aortic murmurs abseyre

h0se produced at the tiewspid valve, As i
3 aunenl, B

Tresent 1n half 10 three-quarters of ¢ o o ¢

he patients, the tr
; s icuspd
presy Stohe' murmur will be absert. There rav fue o } .

o gy
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i taken with sufficient penctration in a large number of cases,
or seen on sercening if the patient is thin, The shadow of the
caleified valves moves np and down with the heart beat,

The disease usually appears m men late in life. The symptoms
for & Jong time are often stight. There may be dyspneca. About
a quarter of them complain of angina pectons (7). At this age
there may. of course, be assocated atheroma of the coronary
arteries ; but the severe aortic stenosis seems to be a cause of
myoeardial ischienua,  The narrow opening into the aorta and the
ripd valves probably tend to reduce the coronary flow (8). It
has also been supgested that the Ingh intraventneular systolic
pressure due to the aortic stenosis both increases the work of the
musele and ocelndes by compression the coranary arteries within
it (8). Yieart block has been noted resulting from the mvasion of
the bundle by the process of calefication,

Those patients are prone to syncopal attacks, particularly on
exertion. These attacks appear ta be due to deficient output, for
the ecarotid sinus has not been found to be unduly sensitive (7).
Ischemne changes may be found in the myocardium  without
actual occhusion of the coronary arteries. The course of the
discase in these cases of pure aortic stenosis 15 slow.

On the whale, it appears that when there is an associated nutral
lesian, and the lesion is presumably rheutmatic, death oeccurs at
an earher age than when the aortie lesion s uncomphieated and
presumably degenerative and of later onset (10). Some pass on
to congestive heart failure and go slowly downhdl,  Auriculsr
fibrillation 1 unusual uniess a nutral lesion s present as well as
the partie. Quite a large proportion die unexpectedly (11}, It is,
not unusual to find calerfied aortie stenosts in a man over sixty
who has dropped dead without warnmg.
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reflux, and a presystolic murmur in the tricuspid aren, simitar
, to the Austin Flint murnur of the mitral area, has been deseribed,
whichled to the dingnosis of a tricuspid stenosis that eubscqucnth
was not found {2},
The aspect of the patient may show a combmation of cyanosis,

pallor, and a slight tinge of jaundice (10). In spite of the jugular ,

engorgement there may be but little eedemn (8). Later in the
course of the disease there 1s tendency for ascites {o develop and
recur after patacentesss. This often leads to cedema from pressure
on the inferior vena cava.

The presence of the tricuspid stenosis seems to protect the
pulmonary cireulation from the engorg t that the a p

ing mitral stenosis would cause. The two lesions tend to b-\lux\ce'

one another  The diagnosis may be suspected when there is -

persistent jugular engorgement with hepatie systolic pulsation;
and yet the cxpected degree of meapacity is wanting, and the
patient may be fairly active, and free from pulmonary congestion,

This 1 because the findings ate not really those of congestive

faiture, but are due to mechameal obstruction at the tricuspid
valve The patients may do better than mught be expected and
under proper management the course may be fawly prolonged-—
on the averape of seven years from the onset of congestion (9}
While the prognosis may be quite favourable in the ofder patient,
in younger patients when there 1s getive disease st 1s much more
grave (2). In some respects they resemble cases of Pick’s Syndrome.
There are several pomts in treatment. Venesection is obviously
uecless. Digitabs may be required to control the heart rate when
there s fibmilation, Smee the habibty to ascites, and perhaps
cedemn, is the chief cause of disabihity, merennal diureties by
mouth, or by mjection, are likely to e needed, and may keep the
the accumulation of flmd under control  Paracentesss of the
abdomen wilt be needed from tume to time, The fhud intake must
be carefully regulated, as well as the mtake of sodwiu.
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Aberent Pericardium.  Puricardial adhesions ate nearly
tays 3 sign of previous heavy infechion of the heart. I the
feons are confined o the sac they o no hasm. and ohliteration
fhesae does not increase the worh of the heart. Extra-pericatdial
Besons may cause hypertrophy.  The only relinble sigm of
Zerent pericardim 15 systolie rctraction of the chest wall.
‘Rt?mmn must e distinguished from recession.  Where the
pertrophied might ventricle thrusts forward there may be
weson outside the cardiac area to the left. Broadhent's sign s
Atohe retraction of the eles enth and tiselfth sibs due to dragging
b adhesions hetween The back of the left ventriele and the
daghragm. Extra-pencardial adhiesions may he seen on screening.
Frtation of fhe heart may be scen when the patient leans fram
tetoside; but targe heatts do not move much. Probably most,
ot &ll, of the by pertrophy onee asenbed to adhesions in the
terieardial sac are due to ascoemnted valvular Jessons. It i notes
Furthy that same years after acute percarditis, porticularly in
'oung adults, the heart may show no abnormality. Pick's syn-
diomne does not resuit from theumatic penearditis.

Profinosis
rmTzl;e tater prognosis of chronie rh(}mmtic heart dinease dq»u\.l\s
(m;\_x; seventy of the mf«-c.tmu With a severe attack the child
v ‘19 soon, The prognosi> mav be quite good i a mikl attack 3
Am;h’“ﬂg adult has a better chance of shght cardic damage,
m“ntt'rﬁfacxar 15 the persistent reeurrence of latent damage.
e 0 nna(l) 'se\'crc valewlar lesions, Betneen the ages of five
fourte (““ E‘cr\ vears the recurrence rate was 23 per cent; {rom
Toents g o sreteen it was B per cent, and from seventeen to
-five 2 per cent (1)
m’t’r‘daﬂ:"gm of war pensioners, watched for ten years, it was
orse ai !of the cases with mitral stenasis, 24 per cent were no
trow mt;n 30 per cent had developediauncular fibriffation, Of
th Mm‘)anrm teflun 34 per cent were unchanged, and of those
ot gmumcd Jesions the figure was about the same (1), Ina
sears (o vlwnh aurhic stenosis 60 per cent died within the ten
6 {2} In a series of necropuies, exeluding cases under twenty
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S0 far the evidence is inconclusive. No doubt the incidence of
cardiac lesions in these cases may be high. Butin these old patients .
many of them may not be of theumatic origin. These diseases «
affect the same tissues of the body and so may provoke rather
sumlar responses. But until more fs known about the nature of
their causes it will be difficult to dearde whether they are the same.

On the whole the halance of the climeal and pathological evidence”
1s agaunst their identity. No doubt some susceptible patients may
suffer from both at different ages.~ There 15 enough evidence,
however, to stimulate further interest in the nature and incidence
of such cardiac defects as do oceur in theumatoid arthritis. More
elimeal observations would Be welcome. That rheumatoid arthritis

, causes endocarditis is very doubt{ul
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Lupus Erythematosus Disseminatus
) (Libman-Sacks Disease) ’
The association of a form of endocarditis with Tupus
erythematosus was first pointed out by Libman gnd Sacks in
2 jon with i i
}il.;_ Sl)..'rh.e eutancous lesion with its pectliar distribufinn geross

‘ There
u ted bt ) h: b
o A v swso e united btates show that this disease of the -
. skin may he associated not only with a peculiar form of endo-
v.ax;;hm. but also with lewons 1 many: of the organs of the body
*  and a profound constituhonal disturba ¥
nee, '
fatal 1n BE.‘I"_V all cases, : o “hmh sems to bc’
nT}:e cause s quite unknown, but there are two cunous Points
|h t‘ne madence. It 15 almost entirely confined to women
etween the ages of fifteen and forty-five, ecomciding with
ears of menstruation, # mith the
The onset may be
gradual or a 3 i i
\ ond ragid e ™ acute, There is fever, prostration
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years, the lnghest incidence was between the ages of forty and
fifty, but 10 per cent reached sixty years {3).
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The Heart in Rheumatoid Arthritis, Rheumatic fever and

rheumatoid arthritis have certain things in common. In particular
there is the arthritis. But the distribution of the lesions, the
course of the changes in them and the final results are different.
They may both have nodules. They rccpond however, differently”
)

The question which has received some attention is whether
they are really manifestations of the same diesase, and whether
there are any cardiae lesions in rheumatoid arthritis which resemble
those of acute rheumatism. In twenty-three cases studied at
autopsy, six had endocardial and myocardial lesions which were
somewhat similar to those resulting from.rheumatism. In two

" there were pericardial adhesions. All the patients were old, and

none of the lesions was active or recent (1). In four of these the
clinical diagnosis of heart disease was made. In another series of
thirty-eight cases, the autopsies showed cardiac lesions n thirty-
three. In twenty-five of these the lesions were thought to have
been rheumatic in origin® It is curious that in some the results of
pericarditis were found alone without valvular disease; 1 ten
othiers the two were present together. The myocardial lesions weére
unreliable, for such complicating factors as coronary disease ahd
hypertension were not uncommon at the ages at which these
pnhen!s died (2). Clmically the Instory of rhenmatic fever was
' rarely given but that does not exclude rheumatism. In about half
the cases the clinical diagnosis of heart disease was not made,
although for the most part they had been long in hospital.

The histologieal conclusions, as to the 1dentity of the nodules
are not in agreement. Some authors think that they are the same
(3, 4), and others think that they are dulferent (5, 6). Clineally
the rheumntmd nodules are often larger.and last very much
longer. Differences might be due to the age of the nodule.

A further series of thirty-three cases showed only one with a

cardiae lesion of dubious origin (7).
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very diffienlt. It 8 widespread disease with very varable c‘lin.im\
appearances. The diagnosis is not Itkely to be made until it 15
apparent that an unusual assortment of lesions are present
together (8). The prognosis is vsually very bad, but recovery after
pemaillm has been reported {9). There is resemblance to acute
rheumatism 1 the cardiae lesons and the arthritis and anemia.
The renal lesions and spleni¢ enlatgement may suggest infective
endocarditis  But the blood culture is never positis e; thereare no
emboht nor clubbing of the fingers. Pleunisy 1s rare in rheumatism
and subacute bacterial end ditis, not does glandular enlarge-
ment oceur as a rule, except m the theumatoid vanety. It would
appear that in this country the disease is very rare, or is not
diagnosed, for there is but Little reference to it (6).
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End ditis -

Aetiology. The streptococeus vmndans is nearly always the
wfecting orgamism  In a case that runs an atypieal course, o is
resistant to treatment, special methods of culture may shm’v that -
more than one organism is present. There may be more than one
variety of streptococeus, or an associated infection with gor;ococci
(1) In the ordmary case the organisms enter the blood strear
from some focus of wnfection, It 1s not uncommon for an a "|
tnfection at the root of a tooth to cause a transient bacts N
particularly on dental extraction. The organisms attack ey
da;\agcd valves or congenital deformities, previously

REVIOLS VaLvuLiTts, Tt is rare for the aortie val v

g:vl::'s‘leyt;l:magedd by. s)‘p!}\hs. to be attacked. Tlllzf: \:‘1‘1::;‘1
" econdary infcetion are those damaged by rhe
disease  There are two theories as to the mode of it
supposes that the organisms reach the i Citack. One
their bload vessels, ou

ide of the valv
es b
These are more numerous after some preccdin);;
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Cardiac Lesfons. Expocaxorrts, This js verrucost in type;
the warty vegetations are profuse, yellow, and reaching the size
of & grape or apple pip, They appear n ridges, or niassive throm-
botre clusters, or m flat spreading sheets. They are found on bath
surfaces of the valve flap, spreading down the chordie tendiner,
and xn the pockets between thewr attachments under the valve.
The rustral valve is most often attacked, and the others 1 about
equal proportions  The valvuhtiz does not spread from the root
of the valve as in rhewnatism, but is more superfinal  Searring
is less (2). The mural spread of the vegetations into the nuncle
is notable. There is no tendeney to embohsm. Actual uleeration
or destruction of the valve does ndt eccur. There may be a
secondary bactenal mvasson.

Myecanpims, Here the lesions are prneipally degenerative.
The chief injury 15 to the connective tisste cells.  The damage
affects the collagen fibres, and there 1s degeneration of the fibro-
blasts  There may be a certam amount of ftbrosis: nothing
resembhng the Aseholl’s body of rheumatisin 1s ever scen.

Prricawniris. This 1s more superfieinl and less mtense than
that of chenmatism " In the early stages 1t 1s fibrinous  Adhestons
may beeome extensive later., but they are not dense. The incidence
of thas leston may be hgh (7).

There ma) be extenstve plowisy, but usually the lungs them-
sclves eseape (3)  Pnewmoma, however, has been noted (1)

Reaat Lemoss. The lesions are glomerular,  These become -
byahmsed m a patehy way, so that the degenerate areas look hke
“sopre loops™ (3). The urme shows atbumen red corpuseles and
casts.  The lewions m the hdney may be so extenwive that the
Blood pressure mses and there may be papiliedema and renal
falure (4} {5). The spleen and hiver may become enlarged. There
may be arthritis. Glandular emdargenient may he general,

The characteristic shim Jesions may not develop until the disense
has been present some time.  Typreal examples of this sort of
endoenrditis have been found tn patients who have never had any
ervthematous lesions {2). In addition there may be purpura, The
blood shows anemin and leucopema and thromboeytapema.

: Blood cultures are negative
" Tsc course of the disense may be anything from cighteen months
to five years. The dtagnosis, m the absence of the yash, may be
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fever, The general heslth prior to the onset of t_hc symptoms of
the bactenal infection was notesd 13 exrd!e\}t in n\mu': 7§ per
cent, and good of fair in the vemainder. ‘The grc':lt mu;ont;: of
patients have suffered no incons enience from their 'hearf.s. since
their attack of theumatie fever (7). Tnfective endocarditis is
unlikely to anse in patients with chronic heart failure, and it
.rsrely occursin & heart that has auricular fibrillation (8). Aurieutar
Sbrillation 1s hewise a vefy rate complication of infectwe endo-
carditis, .

Moremn Axaroxv. [Falrular. Large soft vegetations are
formed, which are often greemish in eolour. The infeetion spreads
widely over the adjacent surfaces of the valve from the point of
origin. Erom the aortic cusps the infeetion may reach the ven-
tricudar wall. The infima of the aorta may be invaded and &
ycotic of bacterisl aneurysm may form as the wall is penetrated

. {9} In Qus case there was na fever, Sometsmes the intima of the ~

aotta is infected primarily, particularly on an atheromatous or
syphulitic patch. A mycotic ancurysm of the pulmonary artery,
has ruptured ; the infection was associated with n patent ductus
arteriosus (10).  From the mitral valve The segetations spread
dowen the charde tendinere and up into the urcle. The organisms
are on the surface of the vegetation and also decp in the valve at
the edge of the advancing infection  The destruction of the valve
1s relatively shght compared with the | f the 1 egetatic
Myocardial. These lesions {Bracht-Wirchier bodres) are present
W 93 per oent of cases. They are the result of various emboli of
dutferent sizes, Infarcts are actually very rare; the vessels on
which the emboli lodge are sp small and the anastomoses are too
good (11). But the result 1s that there ate very numerous minute
myocardial lesions of embolic origin, which no doubt impair the
effiiency of the myoeardwm in the long run (12), )
Pericardihs Is very race
‘vanesml-l.l‘l:!;; :nslct 15 usually :nsndxou? with the symptoms of
gl alth, assitude, shght fever, sweating, indefinite
theomatie pains about the hody, and seme loss of wej ht. Oc
sionafly the dlness starts qnte defimtely with what "ﬁ; : oo
to be an wfluenzal attack  Erbolism way somets Y appear
more dramatic ooset, provoke
Chracal Appearance.

When well develoned. the e
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valvulitis” The damage in ‘the capillaries just under the endo-
thelium leads to the deposit of platelets and fibrin upon it. There
then results a nidus for the further growth of bacteria (2}: The
other theory is that the streptococer attack the surface of the
valves directly. Roughened arcas in the endothelium, and the

presence of minute thrombi or platelets give them a starting

place (8).

There is some evidence that the rheumatic valvulitis in some
cases 1s still active (4), and consequently the valves are vascular,
with damaged endothelium suitable for re-infection.

In a series of cluldren dying of infective éndocarditis, Ascholff
bodies were present in the hearts of all (5). It is probable that
the very hard, scarred valves of late mitral stenosis are not often

infected. Chnically it has been pointed out that those producing

a loud systolic murmur are most vulnerable (3). ,

Acurre Inrective Expocarpitis. Virulent orgamisms, such as’

pneumococei, pyogeme streptococel, staphylococei and gonococei,
may attack healthy valves.

This type is relatively uncommon. The disease may attack the
young and healthy, or the aged and feeble. Males are affected
more than females. The incidence on aortic and rmtral valves is

about equal. The iliness starts suddenly with high fever, rigors, *

sweating. The symptoms are those of a septicemia. Murmurs,

when they appear, show the localisation of the discase. Embolism -

occurs in the usual sites, There is soon great prostration, severe
anzmia and raprd wasting  The disease runs a short fatal course
of a few weeks, unless treated with full doses of penicillin,

ConeryrraL Derects. Those most prone are such as mvolve
the passage of blood through a small channel, such as the patent
ductus arteriosus, patent mterventricular septum; and aortic
stenosis and pulmonary stenosis, The infection tends to occur in
the sccond and third decades. In a series over two years of age
of infected congenital defects, 42 per cent had patent interventri-
cular septum, 28 per cent a patent ductus, 29 per cent uncompl-
cated pulmonary stenosis, 28 per cent Fallot’s tetrad, and 21 per
cent congenital bicuspid sortic valves (6).

InCIDENCE. Men are infected more often than women. T{xe
is about 3 to 2 under the age of thirty, and 3 to 1 over

proportion i r
that age. About one-third of patients gave a history of rheumatic

——
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sion and perhaps pentonitis from gangrene of the gut. .\ bacterial
aneurysm (mycotic) may form in & peripheral artery \.\hctc the
embolus Jodges; the internal arterics or those of the limbs iy
be affected, The anenrysm may rupture. They may De multiple
(13). Bacteria have been demonstrated in the wall of the vessel
affected (14) N
Cutancos Enthaliem, Petechic.  Osal petechial hemorrhages
appear 1n the skin and conjunctive, S(.vmeumes the larger ones
have white centres. They often appear in crops,
. Osler's Nodes. These are small punlul pink areas on the palmar
surfaces of the fingers and palms and on the corresponding areas
of the feet, They are small areas of inflammation on the true
skin, in the centre of which 15 an arteriole. They fade after a few
days, and never suppurate. They tend to appear quite early i
the disease_and may be the first indieation, They are important
because they are absolutely diagnostie.
may oceur under the nals,
Arthralgia.

Sphnter hemorrhages

Sudden pams occur in the joints without any
effasion. Sometimes the skin near the joint becomes reddened.
These disturbances are quite transient.

Dragxosts. It1sonly in early cases that this presents difficulty,
‘The possibaiity should be borme 1n mind in any ease of muld
theumatic heart disease who complains of general ill-health, with
intermittent fever,

Blood Culture. This should be done tepeatedly of need be, By
modern methods positiveresults sre obtained inalarge proportion of
cases But there may beabactena-free phase wlich lasts some time,
In the aged the disease 15 more difficult to recognise. As §s so
often the case, old age considerably modufies the picture, and the
diagnosis may be missed  The consttutional symptoms are severe
and propress rapid, prostration 15 considerable; these mav be
classified as acute cases {15). The subacute variety is also l‘)f\(-n
mussed  The pieture 25 frequently obscured by the multiple
pﬁ\h?“eg\cﬂ\ states 5o ofterr present 'together in #ho - g n[’ 1
3 L.ll“)(ﬂll ott months

this the patient Si!ndl[y went down] it acath, Apart from

tull, with inereasing emaciat;
i > Tnac)
and anwmia, and a ternunal heart failure, £ iation
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characteristic. There is persistent fever, ranging from 100°F, to

© 102°F. Rigors are rare; sweating is often profuse. A curious

carthy pallor—the eafé an hait complexion—is almost diagnost e.
-There is progressive loss of flesh. L

Cardiac Signs. These may be confusing, as there is usually

evidence of an antecedent valvular lesion ; the commnion finding

3 is a systolic murmur at the apex, or a aortic diastolic murmur at

the base. If thers has been no previous valvular disease the mitral

murmur may be quite inconspicuous for some time. The aortic

diastolic murmur is more readily detected early.

. Clubbed Fingers. This 1s an important sign, for 1t can be detected
carly, probably nfter three weeks. The change 1s not gr'oss and

- first appears as a filling in of the suleus at the root of the nail,
best seen when viewed from the side. The pulp becomes a little
full and bulbous. There 15 nothing comparable-to the gross club-
bing of pulmonary disease, or of congenital lesions of the heart.
+The fingers are pale and the tifis are pmk.

Spleen. TFhere is appreciable splenic enlargement in nearly all
cases. The inerease in size s not great, but the spleen s moderately
firm. The enlargement 1s due to toxenna, with the added effeet

' of infarction in many cases.

" nemia. There s a secondary. or hypochremie, anema, wineh
tends to merease as the discase advances There may be but little
leucocytosis, but there is usually some relative increase m the
number of the polymorphs. The sedimentation rate of the red
cells is mereased.

Embolism. Tlus 1s common and the results vary a great dcq],
depending on the size of the embolt.

Splenic Infarction, with sudden local pamn and perhaps friction
sounds is almost constant.

Renal Infarction may cause sudden severe pan n the lom.
At autopsy the numerous mmmite sub-capsular hemorrhages have
given the name of “flea-bitten kidney.” Red cells are commonly
found in the urme m small numbers, apart from occastonal frank
hematuria, resulting from damage to the glomerull by mmute

emboli.
Emboli may reach the cercbral artenes, commonly the nuddle

cerebral, causing hemiplegia; the retinal arteries, disturbing vision;
and the mesenteric arteries causing acute abdominal pam, disten-
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Cardiovascular Syphilis

IxcipENCE. Deaths from cardiovascular syphilis accounted for
about 3 per cent of autopsies 1n this country (1). About the same
figure has more Tecently been found in the United States (2).
The prevalence of the cardiovaseular lesions 1s shown by an
mcidence of 80 per cent in autopsies on syphilitic patients (8) ; and
40 per cent of patients with general paralysis of the insane showed
them (4) Chmcally 3 per cent of patients attending = syphilitic
clinic had aortic incompetence. presumably of syphilitic origin (5).
Aetiology. Durmg the septicxmuc stage of secondary syphilis
all organs are probably mvaded by spirocheetes. Thelungs probably
recenc large numbers, which are filtered by the lymphaties into
the mediastinal glands, From this area they probably spread by
* the lymphatics to the first part of the ascending aorta. The latent
penod between infection and the development of these tertiary
lesions 15 from fifteen to twenty years: very often there 1s no

recollection of the primary infection (6).
Morgip AnaToMy

Aortitis. The 1nitial lesion is often found

} «  jyust above the attachments of the aortic valves. It is frequently ’
triangular in shape and situated just about the commussures, The -

\ patch 15 due to thickering of the intima and s peatly N

appearance and raised above the surface,

grey in
The process spreads
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FreaTvnNr. The mtroduction of large doses of pénicillin has
now completely changed the outlook for many patients from certain”
death to good prospeets of recovery. The principle is that the
treatment must be protracted and intensive: inadequate treat- *

. ment to start with may prejudice success later. The dose should

be 0.5 mega units (500,000 units) daily for twenty-eight days, but

five or six times this dose may be needed. For this 60,000 units’
are given intramuscularly every threc hours, The volume can

now be quite small and a fine ncedle used. Instend of the watery

solution an oily one, containing 200,000 units, may be given at

eight hour intervals. Three or four such doses of the watery solution

o day may be effective, It1s too carly yet to judge the efliciency
of treatment with penucillin, It seems probable that perhaps

75 per cent are coritrolled, at any rate to start with (17). In one

scries of 17 cases, 14 had recovered fully after eight to twenty<
months. Here the daily dose was anything from 0.8 to 3 mega

umts (17). In another series 8 were cured after six months out

of eleven, on rather smaller doses (18). In a further series two-

thirds were reported cured after one to three years (21).

A longer interval of follow-up is needed to say how long they
remain well, The early diagnosis no doubt increases the chance of |
suceess.  The resistance of the infecting organism to penicillin -
dees not scem to be important within wide hmats. Relapse
is likely to oceur within a few days of inadequate treatment ; but
after a montl’s freedom following a full course relapse seems' to
be rare (17). Should a relapse occur the second course should last
two months. It is doubtful whether heparin is of any use as
adjuvant to treatment ; 1n fact, it may be dangerous (20). .

In spite of the healing of the infection m the damaged aortic
valves, failure of the left ventricle may come on. Possibly the
lealing process mereascs the incompetence. On the other hand
we have scen 1t lead to aortic stenosis, Healed nfections have
been found nt autopsy, but, m the depths of one, cocci were
visible (19).

- Propivraxis, It will be well worth while to give penicillin for a

~ day or two before and after any minor operation, such as dental
extraction or tonsillectoniy, to any patient with 2 valvular lesion
of the heart. .

~
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round the v csscl and dxstnll\' as far as the origin of the great vessels
from the arch, There may be multiple areas of this character. In
addition to the mtimal proliferation there 15 usually irregular
puckered scarring to be seen. When stretched, the aortic wall is
found to have lost its elasticity. It may be obviously thinner
than normal or actually pouched in places, Histologically, the
vasa vasorum undergo obhterative endarteritis. The perivascular
spaces are full of lymphocytes; the elastic fibres of the media
degencrate and disappear, being replaced by fibrous tissue and
lymphocytes? The intima is thickened and usually hyaline, The
aortic wall is thus weakened and tends to stretch, 5o that
anecurysms miay form. Spirocheetes are seldom scen,

Vale ulmv Trom the commissures the tlickening spreads along
the frec niargins of the cusps of the aortie valves. The whole cusp
later may hecome thickened and retracted and everted do“n
towards the ventricle,

dortric Incompctence results from this retraction and eversion.
The swelling at the commussure tends to push the cusps apart and
s0 helps to eausc regurgitation, Stretelng of the aortie ring may
render the valves mcompetent even when they are healthy (7).
Aortic stenosis never results from syphils alone. The nutral valve
and the valves on the right side are not affected.

Stenasis of Coronary Ostia. If the mtimal proliferation occurs
near the mouth of the coronary artery as 1t leaves the aorta, the
lumen will be narrowed. If the coronary artery arises from the
smus of Valsalva 1t-may escape, for the syplulitic proliferation of
the mtima begins above the level of the cusps. But 1t may spread
downwards. If the coronary artery arises ligher up its mouth is
moreTlikely to be obliterated.

The coronary ostia are obstructed 1n from 30 ta 70 per cent of
cases (8). The nighit coronary artery 1s more often occluded than
the left.
. dAnéurysm. The asortic wall, weakened by syphils, stretches
under the shock of systolic filing. The ascending portion becomes
dilated spd.may show irregular pouching. Aortic reflux may
relieve the strain; nnd aneurysms are less likely to form if reflux
has developed* early. Anettysms oceur in about 88, per cent of
cases of cardiovascular syphilis (8). (Plates 14 and 15.)

11 Jaumlml Lesions. These are rare. The occlusion of

$ha antin
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of the coronary arteties haedly ever Teads to_ infarction of the
mvocardim, When this does oceur it is the result of atheromatous
degeneration along their course. Somctimes a fibrous zone Tp"m!’
dowt into the top of the scptum from the aarta and may involve
the bundle of Tis. Microscopically there may be pately arcas of
fsrhemie neeosss and fibsosts (8) .

Clinical Features. Svupross. The nortie reflux sl sooner
o Tater cause embnrrassment of the left Ventricle and lead to
dysprioea on exertion.  But the asymptomatie plms(: may he
surpnsingly long, perhaps two or three years, the patient domg<
actne work the winde (5). Tn the fater stages parovysme of
dyspnea at mght are comman.

Poin. This is substernal in character, of the cardide type,
oceurring on exertion. It is due to ischaoma of the myseardinm
and associated with the octlusion of the coronary ostia.

The combination of an enlarged. overworked left ventricle,
whose blood supphy 1 eurtailed by ostral obliteration and hamprred
by a low diastolic pressure, makes its development easy, An
interestimg type of pam oceurs at rest, and seems to bie avsociated
with recumbency, particularly at night.

“The pan 15 often prolonged and may be reheved by mintes, or
pressure on the carotid simus.  Sometimes attacks of dyspnaea
accompany the pmn (patadyspnecie angwna).  The horizontal
position introduces several adverse factors, The eardiac outpug
rives (10}, The lungs are prohably more engorged, and the eleva-

fion of the diaphragm may cause embarrassment. Possibly reflex
factors also play a part

The underlying eanse 3 cortamly
generalised cardiac 1schemia (11)  Pan probably docsy not arise
from a s) plulitic aorta until there 15 sufficient ancury smal dilata-
tion to eause pressure on surrounding struetures,
Aorric IxcompETFNCE This may be due to retraction of the
valves, or dilatation of the ning, or both together. The sign is the
typical dhastolie murmur, heard over the base of the heart. Usuall y
135 Ioudest 1 the aottic area, but it may appear to the left of the
sternum - 1t may be cutiously loud and musieal ;
found 1o be everted (6).
progressive
atteries,

one cusp 1s then
The regurmtation tends to be free and
‘The penpheral signs are. canspieuous ;  pulsating
Comgan pulse, and Duromez’s mutmur are cosily demon.
strated. The sortic reflux leads to dilatation and liypettrophy of
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the Jeft ventricle, marked by a sustained hem’ir;g apex beat. 1f
there is much dilatation the enlargement may be gross. There

*may be less hypertraphy if the coronary ostia are’stenpsed.

sAustin Fling Murmur.  Associated with the murmur of aortic
reflux, a soft low-pitehed presystolie murmur may be heard at the
npe\. It is never assoctated with o thndl and is less rough than
that of organic mitral stenons, It was originally suggested that
this murmur was dite to wsbrations set up by the entry of blood
intn the ‘eﬂtrmh: at aunenlar systole thmugh a mitral orifice

. o *ho aorta. It has I;ecn pmnted out that
. . . ~temiar mitral
cusp gy be founu ni wat , | . - cam has

mopnged. In these eases the right antenot aotta v, &S mest
affected (12).

Aortitis The early hagnosis is ditlicnlt, There may be o
low-paitched nortic systohie murmur. The aortie second sonnd may
become Joud and hollow sounding: tins 15 sygnificant of the blaod
pressure 1s normal - Changes m the size and contour of the first
part of the narte may be detected on ratosopy. The aseending
part of the aorta 15 dilated and its shadow extends ot to the right
farther than that of the right auncle. The edge is often hazy aud
the contour may be wreguler, The “knob™ may be promnent,
and wider than normal when measured vertically. The pulsation
may be increased ; but allowance must he mnde for the effect on
the pulsation of any aortic reflax that may be present. Whea the
aorta s Viewed m the left anterior oblique powition the width of
the arch can be measured ; an merease m dizmeter over 6 cms,
is hikely to be due to syplnhs. In the mght antenor position the
border may show bulging, and the shadow no lenger taper upwards.
There 15 also enlargement of the norta in hypertension.  Here
_there 15 wore elongation or “unfolding ~ and the borders are more
or less parattel  The “knob™ w provunent and tugher than normal,
but not neecssarly much wider. In older patients wath atheroma
the norta enlarges. Calmfication can often be made out It mwst
be refembered that atheroma and syplilis are often found
together. The early diagnosis 1s therefore far from easy.

_Inewrysm. The sgns of aneurysm ate well known The discase
§s Jess common nosadays than sn yesrs gone by, The diagnos:s on
mdmswpv of & therngic tumeur 1s ohvious enough. The classical
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difficulty in di[lere;\!mting an ancurysm from a thoracié gm\.rlh
is often present, for tumours may show transnutted pulsation. )
. A vascular pulsating secondary deposit fﬂf’“ a hypernephroma
may closely simulate aneury sm. The pulsation may be soflef and
slower to expand than a normal aortic thrust (13) (Scc Plates
1% and 15). Angwo cardiography will help in diagnosis in these
- cases, but the technique is difficult. .
. The aneurysm may press on the pulmonary artery snd cause

stenosis The nght ventricle will then enlarge aud fal, and eyanoss «

may be severe (11} The pulmonary vahe may hecome incom-
petent. The diagnosis from ancurysm of the pulmonary artery
itself 1s difficult (15). Here the trunk is usually alfected and the

valves are mcompetent. The mght ventricle enlarges and fatal *

failure soon supers enes (16)

' YWhen an aneurysm ruptures into the pulmonary artery a
syndrome may be recogmsed The patient becomes intensely

. breathless A continuous murmur and thnll are detectable in the

pulmonary area. The right ventticle enlarges and fails, Both the”
sorta and pulmonary artery are enlarged. The patient may
survive several months (17). Rupture mto the right avricle may
be recogmised by sudden precordial tightness, and a continuous
waning and wanung murmur, ‘The murmur is conducted down into
“the engorged, tender, pulsating liver, and down the inferior vena
cava, The nght auncle becomes engorged ; atrial trachyeardia
and fibrllation are common. The signs in the peripheral arterial
system are those of aortic incompetence {23). .

C syphilis causes card

n v lestons only very rar;l) .
Bacterial Infection, Syphilitic valves are far less often nttacked

than those damaged by rheumatic endocardstis. At post mortem
the unflerlymg syplulitic lesion may be overlaoked unless careful
attention 15 paid to the i (18). Small » may
:‘)E {o\m’ri }:m the bases of the cusps and on thetr ventricular sur-
aces e Tutral valve may be alfected as well, i
v om0y ell, following the
Rheumatic Infection ‘The association of syphilis and rhéuniatism
15 uncommon. tfhere may be an ancurysm with mutral stenosis, oy
a case with mitral stenasis may develop aortic reflux, and the
w Iamermann Teaction may be found to be positive. .
t may be possible to detect the commissural lesion of syphatis

R , . ,
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and the valvulitis of rheumatism together, and find Aschoff's nodes
in the myocardtum, "The coronary ostin may be inyolved (20).

The presence of the syphilitic fesion scems to shorten the nsua
course of the rheumatic lesion (21). It has been suggested that
rheumatism is really the underlying defect which predisposes tc
bactenal infection, and that it is actually present when apparently
syphilitic valves are attacked (22).

Duaenosts, The diagnosis of cardiovasenlar syphihs is not
difficult when 1t 1s remembered that tt is o disease primanly of
miuddle-aged men, Men are attacked six tumes g often as women.
Various serics show that the Wasserninnn reaction 1s positive in
about 85 per cent of cases. The positive reaction may not neces-
sanly refer to the heart and gorta. Signs of the disease may be
present clsewhere i the body : there will still be a few paticnts
in whom the dingnows eannat be made with certamty. In this
rospeet the words of Vigo (1785) may be quoted - “When jou
meet with a discase that does not respond to the ordmary remedies,
yau may think that ths s the disease called Freneh.”

Cotrsn: AND Proavosts. The consbination of left ventricular
overload from aorticreflux, and un ocardial ischaenua from obhtera-
tion of the coronary ostia, eauses in most cases steady and progres-
sive fature of the left ventriele,  An alternative may be the
rupture, or pressure of an aortie ancurysm,  Guee fadure has
begun in these cases. its course 15 but bitle amenable to treatment
as & rule  When pan mdicates ostial obliteration sndden death
1s connmon.  The sudden death 15 no doubt due to the poor blood
supply to the myocardium resutting fram the low distolie pressure
and coronary obliferation (2)  The pragnosis is bad as a rule once
symptoms have developed.  The average length of hfe. ence
symptoms have developed. s probably from two to three vears.
but adequate treatment may prolong this. Much depends on the
patient’s occupation Those who have had Iaborsous work do badly.

Treatment. The pathology of the tisease mnkes treatment
rather unsatisfectary, The course should start swith bismuth and
potassim jodsde.  Arcenie should not be mven at first, and then
only in small doses to begin with m order to nvoid a Herxheuner
rea;'txon. Particnlsr caution 1s needed with arseniv 1f there has
been pain or dyspneea. If there is heart fadure, this should be
trented before starting on the antiyphihtic course.



' TREATMENT . 81

, A programme of agti-sy phulitic treatment |3|ighl be ns fnlla\\.s.
1t there is heart faiture, that must be dealt w ith fast, I \hef]c is
wuth cardsae patn Ot exertion the patient should be confined to -
bed for two or three weeks. If the lesion has }mn found because
of mld symptoms only, or by ehance, ¥he patient mayY be up and
abont while under treatment. .

Bismuth. This may be gisen, 1n doses of 1 to 2 grains in an oily

hy int dar inj every | to 7 days for a
mo;\\\\, and then in 3-grawn dose for anather 4 to 8 weehs. The
1 P. injection of hismuth (8 to 15 minims) contains ‘.’f) per eent
of precipitated bismuth (1} to 3 grams) 4 ce. of quinine iodo-
Livmuthate may be given thrice weely.

Potassium fodide. At the same time 50 to 43 grains should be
given daly,

Mercury  This has been largely superseded by bismuth,
Injections of the mercunal cream (B.P. injectia Hydrargyr) may
be given in § of 10 minum doses ; or the pill of mereury-and chalk
may be taken by mouth 1 grain daily.

Irgenic  After 8 to 12 weeks of this treatment arsenic may be
started. Neoarsphenamine may be given ntravenously i small
doses to start with, 0.10 to 0.20 gramme at weckly :ierals,

+ through, six or eight injections to a maximum of 0. 45 gramme,

Some prefer to gve Stovarsol (sodmm acetyl aisenilate) by
mouth, starting with 1 gr. twice daily for four days, and then

© thrice d‘mly for t\m{ days; the course is then repeated after an

m!erv:tl of three days and contmued for two or three months.
Later intracuscular arsenie is given  Some authonties mve no

. arsenic to patients over the age of fifty years {21). . '

The role of penicitlin remaths to be ascertained  There are
reports ?f severe Herxhemner reactions, but we have noted
ehcouraging improvement 1n some cases. It shonld not be given

1o statt with, but after lodide and hismuth, !
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Diseases of the Pericardial Sac

Congenital Defects. These are very rare, They usually consist
of a deficiency of the sac on the Jeft side. The hole may be one
through which the heart may hermiate and become strangled.
Sometimes the left pleural eavity and the pericardial sae form
one cavity. Pleuro-pericardial infection seems to have a lhigh
incidence in these cases (1), Cysts are occasionally met with,

Infections

Infections of the pericardial sac may lead to acute and chrome
inflammatory changes. The nature of these depends upon the
cause, The work of the heart may be affected sertously, so that
it 1s unable to fill in diastole ; this effect 1s produced in two rather
different ways. A large effusion, which may be serous, purnlent,
or hemorrhagie, or mndeed a pure hemopericardium, can cause
tamponade. A clironte pericarditis may produce a shrunken and
constricted sac.

Fibrinous or Dry Pericarditis, This 1s not uncommon It
frequently appears 1 a rheumatic pancarditis, It 15 found
over an infarct of the myocardium ; 1t appears in the last phases
of chronic nephritis. In some cases the cause and association are
quite obscure. The dry rub, often first heard at the base, is the
diagnostic sign. It has always been customary to note that the
rub varies with the pressure of the stethoscope. Analysis with
sound records shows that moderate pressure with the end-piece
increases the intensity of the vibrations transmitted through the
chest wall. As tie pressure increases these are damped, and finally
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disappeaT. .Thesc
auscultatory Varia-
tions may be due to
alterations in the 3
frequency of the
-sounds trans-
mtted, and to the |

pressure.  The “to
and fro” character
of the sounds, when
recorded simultan-
cously with the
electrocardiogram,
15 due perhaps to
friction at aume-
ular and \entricular systole (2)
The combination of pain, which
may be very severe and referred to
the hase of the neck or left shoulder,
{ever, fniction sounds, may simulate
myocardial anfarction; but the
onset 15 less sudden, the symptoms
less severe, the fever higher, and
shoek 15 absent. The changes in the
electrocardiogram may need to be
earcfully distingwshed from thase
of farction (3) (see p. 203) (Figs.
17aand 178) When the pericarditis
15 of Theumatic ongm, the onset is
more gradual than that of inde-
terninate ongin.  With this type 1he sme  three days later
in young adults there is no arthritis leads 1, 2, ¥, and v, Qwasos
or leucocytosis (33). are absent
PericarpiaL Errvston—AgTiotosy, Tuberculous pericarditis
1 an entity that needs special consideration. Pyopericardium may
anse by direet spread from an empyema. when 1t is uslmll.\'
P It may be strep 1, 2s part of a septicemia ;
or a staphylecoccal nfection with pyemia, may cause a very larg(‘-

Fie 174 -
Acute pericarditis  Complete heart block

Fic 178
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effusion. Rheumatism causes a serous effusion, at times, Some
serous effusions are obscure in origin. A form'of pericarditis with

_effusion has been described following quite trivial infections of
the upper respiratory track., They rin a benign course, but thiere is
the possibility of adhesions later (4). Myxecdenahasbeen recorded,
and it 1s suggested that the enlargement of the myxadematous
heart is chiefly due to pericardial effusion (Plate 16), Hewmorr-
hagic effusion may be tuberculous or neoplastie. remopericardium
may result from trauma, or eseape of blood from a rupturcd
aorta or ventricle, Most of these cases die very quickly. (Plates
178 and 178.) .

Drscyoses. The dingnosis 1s easily missed, The increase in the
cardiac dullness to the right (in Roteh's angle) and upwards to the
left and beyond the apex beat 1s important; and perhaps the
disappearance of previously observed friction sounds. The heatt
sounds become muflled and the apex beat obscured. The skiagram
shows a pear-shaped shadow, which is farrly typical, although a_
greatly dilated heart sometunes assumes this appearance. Other~
points are the small range of cardiac pulsation, the flattened aortic
knob, and the dunmished alteration in “shape and position on
respiration (6). Before 1t becomes stretehed, the perieardial sac,
although full of {luid, may retam its shape, and so resemble eardiac
enlargement alone (7). At first, 1f the effnsion is not large, there
may be no symptoms; later, there is dyspneca and, cyanosis.
Probably at Jeast 500 ces. of fhnd are needed to produce signs (8). ©

Assoclated with these changes in the pericardial sae, there is
often massive collapse of the bases of the lungs, first on the left -
side and then on the right. This 1s an mmportant complication
and may greatly embarrass breatinng. It may be due to pressure
from a large effuston. It may develop before there is any effusion,
and then it is possibly due to mhilation of the movements of the
diaphragm. There is no question that its enset is aided by nursing
paticnts with pericarditis lymng flat. It 15 better to keep them
sitting up.

TayMrPoxADE. A pericardial effusion developing quickly produces
important effects in two ways; on the breathing and on the action
of the heart. The space it occupies n the thorax may hinder
respiration. The volume of the cifusion dinvinishes the vital
dapacity and.causes dyspeea (9).  This may be very severe, and
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cause great distress, The patient lu.\s to sit up and lc;\n ﬁ:;w;\rd.
He 1t pale and snxions. The veins in the ngck are full, and A m.r(;
2 tinge of €y anosis 1n the lips, eats and nails. The pulse is rapid
and week and paradosical.  Pressure on the traches may eause
dight stridor and gne Tise to a dry persistent cough.  Pressure
an the @sophagus may lead to dysphagia. There may .bc l‘\C\l\c
dweomfort over the preeardium with a sense of ﬂ:x“ot'a\mn. N T|.|c
tension on the capule’of the ramdly enlarging liver causes pain
under the right costal margin. ,

Hrmodynamics. Study of the acute tamponade due to hm“:m-

pericardmam from stab-wounds showed " low cardizc output, with
raised pressure in the right auricle. The blood pressure was low,

but the peripheral resistance was in the upper ranges of the normal.
The high venous pressure was thought to be due to constriction of
the vems, the blood volume level cannat play a part for hamorr-

Tage tends to reduce it. Rehef of the intrapericardhal pressure
only caused a very slow fall in the m‘xngu\:n- pressure; venous
constriction might account for this (1) A paradoxieal pulse,

tending to fade on inspiration, 1s hield to be an early sign of aireu-

latory faure flue to tamponade.’ It 1s best detected with the
sphygmonanometer, The tension in the sac moy interfere with

the filing of the heart; the rate st which the effusion forms

determumes this second effect, for if it accumulates quickly the
sac has not time to streteh and tamponade results. When there is

a large effusion the venous pressure rses and the external jugular

eing fill, After a time the Iiver may become engorged and usciten

acturulate, The pulse is paradoxieal and the blood pressure tends

to fall, There is 2 slowing of the cireulation ccatrally, a5 shown by
anmcrease tn the time taken for blood te flow from the arm to the

tongue {hy decholnj; and at the ‘periphers, as shown by the
mereaserd arteria.venous oxygon difference, which 1s indicated by

cyanvsis .

‘The output of the heart has been studied 0 one case by xm;drm
;‘:‘1‘;"1‘ (11). Itras found that while the venous pressure was
'hc‘ts\\e; “ﬁ actual “filling pressure,” that 1s {0 say, the duference
the hu‘:t .le‘ :;,;‘}:ts :\traq;umu]a; pressure and (.he Dressure outside -
nommal T 15 ease that mnside the pencardial sac—was w ithin

The cardiac output was normal,

When t .
2ardial $2e was tarmed the meooo. & When the pen.
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right avricular pressure fell pari passu, so that the filling pressur
remained as before. The output of the heart remained unchanged
From this it would seem that the rise in venous pressure can, uy
10 2 point, maintain the filling pressure, and sllow the output tc
remam at a normal level At tius stage, then, venesection woule
do harm. Up to a certain level of intrapencardial pressure th
output may be maintaimed. But as the effusion increases, or it
the pericardial sue can streteh no more, the output will eventually
fall. The cutcome depends on the volume of the clfosion and the
rate at winch it forms, and the possibility
of the sac distending to accommodate it.

The electrocardiogram 15 but little
affected in simple serous effusion;
sometimes the voltage may be low.
Alternation mny appear in the eurve
when 1t 1s large (12). In tamponade
there may be no change in the duration
of systole, as shown by measurmg the
Q-T mterval {(18). This may help to
distingmush gross  enlargement where
the Q-T mterval may be prolonged
{Fig. 18)

The effect of tamponade 15 abvious
at autopsy when the left ventrele has

Tic 18 ruptured ; the heart is contracted and
Low oltage n tam-  yt5 chambers are empty, whie the great
ponade vems arc much distended.

Paraccntesis. This may be needed to relieve these diliculties .
and may be hfe-saving. It 15 often necessary to msert a nicedic in
order to abtam a sample of fud for dagnosis  In tubercufosts
tius may be valuable. The indications for tapping the pericardtal
sac are found m the state of the jugular veins and the degree of .
dyspnewea and the character of the pulse  Cases ot acute tamponade
due to hemopenearduum from trauma need to be tapped, prefer-
ably soon. before the blood clots. VWarren and others (10} found
that the cardiac output then rose, the aricriovenous oxygen
difference felt; the pulse beeame less paradorical and the peri-
h esistance fell. The question of raisug the yenous pressure
, and tried by ntravenous mfusion, It is wmteresting

pheral ¢
was considered
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to note that by this means the filling of the hieart agmnst the high
intrapericardtal pressure was so improved that the carduac output
and blood pressure rose, and the arteriovenous ovygen difference
decreased. On the whole, p tesis toJower the intraper dinl
pressure seems preferable. .

After anasthetising the skin and subcutaneous tissues, the needle
15 nserted in the fifth interspace, just outside the apex beat, within
the area of pericardial duliness. - Some recommend  the
axillary Tine in children if the effusion is very large (18). It may
be tapped 1n the angle between the
aiphisternum  and  the costal margin,
directing the needle upwards at an angle
of 30 degrees  This method is rather more
difficult than the first. There 1s very little
danger of wounding the heart, or a cor-
onary vessel.  We prefer the first method.
A pyopencardium will wsually need surgical
drainage. Injections of pemcilln should
be given into the sac.

The Cardiogram in Acute Peri-
carditis, Some change appears

m acute diti

m the

e in 80
per cent of cases, and W 37 per cent

1t 15 charactenstic (15).  All observers’
agree that there 15 elevation of the R-T
junction m all leads. especially 1 lead 11
(16) (see Fig. 17) T is exagperated at
Airst. later 1t becomes low or negative (17)
(Fig 19)

Tic 19
¥umam~nl mversion of
These changes are transient, and may chrome fhoumase e

¢chrotic theumatic -
only be found early. htas e

tieular) They aze
particularly conspicuous in cases of purulent i

S pericardit]
type (18)  There does not seem to be any wmaﬁz: f“\,'.lrlulcnt
aniount. of elfusion (19) except the possbility of los velian the
changes are probably > voltage. The

due to sub-epica
rd .
These set up a current of in; picardial mflammatbory changes.

jury an B
potential recorded m the ILTlph):\sc ((lr‘:v]:“l;iu;esl u‘f positive
The‘re \15 ;ome superficial resemblance h: the c;ln':; }'n).
but the differences are clear, No Q-wanes appear. (:l‘l'"falrchun_
« The changes
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are “concordant” in all three limb Iemis, nof “discordant” or
veciproeal in lends I and III (38). It has been suggested that
diffuse periearditis may account for certain transient atypical
eoncordant mfarction curves (20). Somewhat similar curves have
been recorded m myocardial contusion (21) and following a stab
wound (22). In urcemia, there are slight changes of the type due
to pericarditis, when the periearditis of the final stages appears:
They are mnconspienous because the underlying myocarditis is
mumimat (23).

Chronic Pericarditis (Adhesive)

The long standing results of pericardial mflummation are
thickenming of the surfaces and adhiesions. The former are often
merely “milkspots,” and the result of wear and tear; they are
thus more common as age advances ; but there seems to be some
pssocsation with valvular and myocardin} disease (24)

The degrece of thichening of the pericardial sac, and of the
extent and density of the adhesions. both inside and outside it,
vary enormously, and thus cause the diversity of opinion as to
their effeet on the heart and on the possibihty of their dmgnosis.

Clmically, fixation of a large heart 15 diffient to dingnose.
Systolic retraction of ribs may be deceptive when a powerful right
ventricle thrusts forward. Stress has been laxd on this movement
as a sign of adhesion, and also on some whbition of movement
seen on sereemng (25). 1tisnot a relinble sign and 1s found without
adhesions.  Doubt has been thrown on the idea that extra-
perieardial adhesions are responsible for hypertrophy.  The
accompany mg vah ular lesions are blamed (26). Not all authonties
agree on this. "The dugnasis of penreardial adhesions, even when
thiek, is ditbieult, apart from those found m cases of constriction
when they ean be mferred. The valvular lesions are the thngs
that matter as far as the eflicieney of the heart 1 voncerned,

Tuberculous Pericarditis

This disease 1 1ot commonly met with m males over the age
of forty years (27). The mfection usually reaches the sac by the
iymphatic channels from the meduastinal glands. Occnnon.:ﬂ[\‘ the
sac is infected as a part of a general blood stream dissemination.
Locally there may be pain and adry cough, orthegeneralsymptoms
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of wasting, fever, nssociated with polyserositis and penpheral
stasis, may predorunate (28). The onsct is liable to be insidious
and very indefinite (29). The disease may start with an i
ucute phase, followed by a stage of effusion or caseation, and finnlly
end in the third phase, when adhesions are formed and the sac may
become constricted (30). It is possible that congestive failure may
develop owing to gross thickening of the sisceral pericardium (31).

Infections of the heart valves and myocardium are very rare
{32) The effusion 15 usually serous, but may be iemorrthagic, in
this resembling that found when the sac is invaded by malignant
disease. In the serous type lymphocytes predominate and tuberele
bacith may be found by gmnea pig moculation. A negative resuit

Fic 20
Low voftage curve [lat Towaves

dots not exclude. Large o v ,
o Gheba Fan Jaxge amounts may accumulate and nroduce

w low

o ERCERUNEVTIEY 3 M
disease runs a very chronic co‘\lll:se[? m%n;i:s;; l""":- althouylt the
seeaver (32), Other observers given betle; prnrvnp;lgc;?;) of cases
m"l“;:‘h‘ ::C) :ﬂ““:h ;hc syndrome of Pich may dt\velop" this js
calen ncihm “Ix’\l‘:t" B !hz pahen} Tecovers, and jn tub;rculosh
manifestatim, ("S)Se‘i;\- Some cases have but very shght ofim i
venous wessureuim:r fhen the Cff}x‘;mn becomes larye, :O that l(;“
the sac should be a:m‘csy O particalarly whien dys, pnea a; .
Prated (37 This mag be repented, 1o 1,
Rt he
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are “concordant” in all three Jimb leads. not “discordant” or
reciprocal in leads I and II1 (18). It has been suggested that
iffuse pericarditis may account for certain transient atypical
concordant infarction cutves (20). Somewhat simular curves have
been recorded in myocardial contusion (21) and following a stab.
wound (22). In uremia, there are shight changes of the type due
to penearditis, when the pericarditis of the final stages appears:
They ase inconsprenous beeause the underlying myocarditis is_
mimimal (28).

Chronic Pericarditis (Adhesive)

The long standing results of pericardial mflammation arc
thickening of the surfaces and adhesions. The former are often
merely “milkspots,” and the resuit of wear and tear; they are
thus more copimion as age advances ; but there seems to be some
association with valvular and myocardial diseasc (23).

The degrece of thickening of the pericardisl sac, and of the
extent and density of the adhesions, both inside and outside it,
vary enormously, and thus cause the dnersity of opmion as to
thew effect on the heart and on the posaibihity of ther diagnosts,

Chnically. fixation of a large heart 15 difficult to diagnose.
Systolic retraction of ribs may be deceptive when a powerful right
veptricle thrusts forward. Stress hias been Jaxd on this movement
as a sign of adheston. and ulso on some sshibition of movement *

.seen on sereening {23). 1w not g rebiable sign and s found without

adhestotis,  Doubt has DLeen thrown ou the des that extra-
pericardial adhesions are responsible for hypertrophy.  The
accompanying valvular lesions are blamed (26). Not all anthontties
agree on this "The dgnasis of perteardial adhesions, even when
1hick, is diflicult, apart from these found 1 cases of constnction
when they ean be wferred. The vahular lesions are the things
that matter as far as the efliciency of the heart s concerned,
Tuberculous Pericarditis

Thys disease t» most commonty met with m males over the age
of forty vears (7). The infection usually reaches the sac by the
tymphatic channels from the mediastmal glands, Ocqnsioxm)l_v the
sac is miected as n part of a general blood stream dissenunation.
Hy there may be glaint and adry cough, erthegeneralsymptoms

4
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enlarzement, however, is not uncommon and dot‘s not ritate the
dragmosis (39). ' N .

Hayopyyamics.  Investigation of the cireulation when the
sar is constricted shows that the stroke v otume is dimintshed and
the output per minute low (£0). The yenous pressure 13 increased,
and infra-red photography shows great engorgement of the
'superﬁcml veins; the peripheral stasws is indheated also by an
inerease in the arteriovenous oxygen dillerence. At the centre,
the rate of the flow of blood from the arm to the lung iy retarded,
as tested by the intravenous injection of ether, which ean be
detected in the breath ($1).

“The prolongation of the erreulation time appears to run parallel
to the Tise 1 venous pressure. Itecent investigations (52) of the
hemodynamics of the cireulation when the sac 1 constrieted have
confirmed the low cardiac output. It was found that as the rate
of the heart increased the stroke volume decreased, but the minute
volume of output mught be raised, with some fall in the venous
pressure. Inereasing the venous pressure by intravenous infusion
could not raise the cardiae output. ‘The output also remained
unchanged 1 spite of spontaneous vanations in the venous
pressure. These findings are interesting s a contrast to the effeets
of tamponade due to pencardial effusion. Here the venous
pressure may rise, 5o that the nght auncular filling pressure 1s
mamtained and the output kept within normal hmits (11), or the
mflow may be actually increased, with a corresponding rise in
output (43).

The reason suggested for thus difference ss the fact that *the
obstruction to filling s not a gh pressure, which may be over-
come, but a non-distenstble scar which puts n hmit to hilatation
of the ventricle during diastole” (43).

The fluctuations 1 venous pressure were associated with
vartations in the blood volume. In congestive heart failure there
1s an mcrease 1n blood volume, which may i part be due to
l;tefl‘llon of sodlum'(«n) Possibly the same cause operated in
iek’s syndrome.  Venous constriction must also be considered.
Phiebotomy only produced a hnuted fall 1 s enous pressure, The
g::\!r:’\;\c[,: mh :rceut;m::):?l[;cncmdmm were rather sumilar 1n this
\nlumc' %0 venoconstnc!uﬁfu‘:up}ﬂd 'te“d i decrcnse the blood

3 y be important (10).
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introduction of air to form a ppeumopericardium has been recon
mended, in order to avoid the formation of adhesions (20). Possthl
this procedure 1s 6f little practical value, a3 organisation inside ¢
sac will oceur m any case (84). The question of operation ma
arise, in order to relieve constriction. It should be noted that )
thickening of the sac may be extreme and spoil the possibility
surgient rehief. Some advise operation if the sae is shrinking, eve
if the disense is active, If those who recover do not usualt
develop Tiek’s syndrome, and the prognosis 1 otherwise so bad
it would be better not to interfere when the tuberewlous proces
is aetive.  YWhere the sac is shrunken, aperation may provids
satisfactory relief.  The tuberenlous nature of the infection doe:
not debar.

Constrictive Pericarditis (Pick’'s Syndrome), The venous
engorgement and its assotiated phenomena due to a constricted
pericardial sac are known as Pack’s syndrome (1896). The disense
was well deseribed Ly N, Chevers in the Guy’'s Hospital Reports
{London) in 1812. Concata’s disease, or polyserositis, may give
nse to Pick's syndrome, of the pericardial sac becomes constricted,
The posability of surgieal rchef has attracted much attention
smee the paper by P. Do Winte i 1935 (85). In most eases
the cause of the constricting provess 1s obscure, Rheumatism
does not play a part and tubercwlosss s probably not comumon.
Trauma has been recorded, In one case, after six years, it was due
to a needle (36). We have seen 1t follow spontanecus hemorrhage
in purpura, The tutia) attack often eauses so hittle disturbance
that 1t 1s not noted  Abonut twelve months may elapse between
the acute mfection and the developnient of Pick’s syndrame (37),
or &s much as twenty-nne years (38)  The constricted sac hampers
the dinstolie fithng of the heart. As a result there 15 a tendeney
for the venous pressure to rise.  The congestion, for obscure
rensons, 3s often more conspicuous i the portal system, enusing
[rass painless calargement of the bver, and aseites  The vems m
the neck become permanently full. with but hitle pulsation, and
di tends ta during wspiration, when the

volumeg of the pulse nlso tends to falt (pulous paradoxus). {\t the
‘pcriphery there 13 some degree of cyanoss.  The conspicuatts
' featurg 1s the ion of the phe of congestive fatlure

with but little abnormal i the Deart. A moderate degtec aof

the
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The blood pressure is tsually low and the pulse pressure small.

The heart atself shows, in contrast, remarkably little. There is no
enlargement as a rule; there are no lesions of the valves But it
must be remembered that a slight degree of enlargement does not
exclude,. The Jocal constrictions have been known to cause
stenosis of the pulmonar\' artery above the valves; the smns
were a systolic murmur and thrill and loud second sound (45).

X-ray FINpixgs. On screening there is diminished pulsation.

The heart may appear to stand still (46). The heart remains
fixed on lateral tilting of the patient, and does not elongate on the

" descent of the diaphragm on inspiration. The aortic knob is small
and flat. The usual curves of the cardiac contour are lost. Pulling
Jon the diaphragm by adhesions may be seen. Caleification may
be visible, or show in the skiagram. It usually appears as a line
inside the rim of the heart shadow. Its relationship to the edge
may indicate the thickness of the sac. Sometimes a double lne
can be scen, showing layers on the parictal and visceral
pericardium. The latter often extends into the muscle, Calcifica-
tion always means an obliterated sac, but there may be no venous
congestion.  The heart should be viewed and photographed from
all angles; the oblique aspects may show calerfication best.
Kymography may be helpful. The maximum reduction of pulsa-°
tion is usually along the borders of the right auricle and aorta.
The left border may show normal pulsation (sec Plate 18).

The vital capacity is normal unless there are associated lesions
in the lungs or pleure,
such as constrictive
pleunisy (47). There s
no pulmonary engorge-
ment. The electro-
cardiogram often shows
low voltage, and
usually the T-waves

) ! " rorgm  ate flat (Fig. 21).
-y s
Front . . Treatment. Medical
i ' ; : treatment has little to
’ ’ ' ,, - , offer. Parncentesis and
Tie 21 dinretics cannot relieve

Pick’s syndrome Lo;\w\sdta-:n QRS Large the congestion for long;
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N . PICK’S SYNDROME )

digitahsisdefimtely contra-indicated unless theres fibnllation {18},
Tesection of the pericardial sac, peticardiolysis, can cure (35} (39)
and (39). How far the constriction ean be rehieved depends on loeal
conditions and varies much from case to case. It should certainty
be attempted after adequate preliminary treatment by remeval
of ascites and cedema  During operation, candingraphic reconds
may show rnothing abnormal; - others Tiare- notedd | nuricutar
fibritation and flutte and paroxysmal tachy cardia, avricular and
ventricutar, Al these disturbances were trabsient (49) (50).
They may indeed occur at any operation under general ancesthesin,
Quindine as a prophy lactic before operation 1s of hittle value,

The relief to the cirenlation, onee a normal and cflicient eardiae
action is resumed, may be dramatie. In some eases, however, the
improvement 15 slow. Comparison of kymograms before and alter
operation shows the merease in eardiac pulsation (3%), The heart
increases 1 sze. The improved filling and emptying of the heart
Tmses the output per nunute and merenses the stroke volume,
‘The rate of blood flow from arm to tongue rises and the venous
pressure falls. At the periphery the arterio-yenous oxygen differ.
ence decreases {48)—m short, a normal cireulation m:\yilc restored,
There v an merease 1m the svoltage of the cardiogram in some
cases (51) Others show changes due to post-operatn e pericarditys
{513, or little change at all (48).

A review of thirty-sescn cases, of whom twenty-cight were
treated with penicardiolysis, reports that fourteen were cured.
Sinteen showed ealeification {37).
m;:ﬁ:::ﬁ";::\’::n sle“l‘t“’); ‘;(l;‘h":l{];\m:n is cominon and transient
at fivst. @ to nurse In an oxygen tent

The ‘\mgmvs\%.t)( these eases 15 not difliewdt once the sl'"nil:ic 1 .
of the combmation of congestive nght +entricular fm'lu‘; 3 o
apparently normal heart 15 recognised, Medieal treats e and an
aust at preparation for operat - ment should
o eidom £ p ton and must nat be carried o too

g—-sudden fatlure may occur {52}). Apart from it )
the outlook 15 quite hapeless. n pericardiolysis,
~
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(HAPTER 1II
MYOCARDIAL DISEASE

A varety of diseases are here cons'ldcx:nl shortly, because ‘;Ixcy
have a common factor in that they all invalie the myocardm
prineipally, to a greater or Yesser degree.

They may be dassified 88— .
Cardiac Tamours (primary and secondary ).
Contusion and Trauma,

Diphtheria.

Myocarditis (Fiedler's type)-
" Hypertrophy of obscure origin.

Sarcaidosis.

Trichinosis.

Myotoma Atrophica.

Emetine Intoxication,

Scleroderma,

Addison’s Disease. R
Vitamin B Deficieney.

Primary Cardiac Tumours
Primary cardiac tumours are rare. They are of two types; the
mj xomas, which form ball valve thrombi, and the sarcomata.

Fibremata also occur, but they are usually small and cause no

symptoms.

Cardiac Myxoma. Cardiac myxomas always arise in the
auricles, vsually in the left (1). They are usually attached by a
pedicle to the region of the foramen ovale, Histologically they
contam few cells and 1t has therefore been suggested that they are
orgamizing thrombi Towever, thrombi are more common in the
ventricles than in the auricles and do not usually arise in them
without some cause such as mitral stenosis  Myxomatous rests
exe hnown to oceur near the fossa Gvalis, and the cells, though few
have a charactenstic spindle shape (2) ’

il a3
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CILAPTER 111
MYOCARDIAL DISEASE

A vamiety of diseases are here constdered shiortly, beeause they
have a common factor m that they all molve the myocardiuny
prineipally, to a greater or lesser degree.

They may be classified as;—

Cardiac Tumours {primary and secondary ).

Contusion and Trauma. .
Diphtheria

Myocarditis (Fiedler's type).

Hypertrophy of obscure origm.

Sarcoidosts

Trichinosts .
Myotoma Atrophica,

Emetine Intoxication.

Scleroderma.

Addison’s Disease, .
Vitanun B Defieiency.

Primary Cardiac Tumours

Primary cardiac tumours are rare. They are of two types; the

myxomas, which form ball valve thromby, and the sarcomata,

Flhl’ﬁm’ata also oceur, but they are usually small and eause no
symptoms,

Cardiac Myxoma. Cardiae yromas always arise mn the
auneles, usually 10 the left {1). They are usually attached by g
pedicle to the region of the foramen ovale, b

ally anse in them
Myxomatous rests

are hnown to oceur near the f, and the cells though few
) s

ossa ovatis,
have a charactenstic spindle shape 2)

95 f
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06 MYOCARDIAL DISEASE -

CriNteaL Sigxs. j[y comas in the left auricle cause symptoms
by oceluding the mitral orifice—the ball-valve thrombus—and by

pressure on the openings of the pulmonary veins. ' Emboli may be

detached from them. Three types have been deseribed, = .

(1), Simulating Mitral Stenosis. Mitral systolic and diastolic
‘murmurs are present, but the murmurs tend to vary with the
position of the patient. There is no history of rheumatism and the
symptoms have a Tecent onset. Death occurs suddenly from
occlusion of the mitral onfice (3); or relentless, progressive heart
failure sets in from pressure on the pulmonary veins with death
from pulmonary wdema (1),

(2) Ball Falve Thiombus. Tlus type gives a farrly characteristic

‘elimeal picture with sudden loss of eonsciousness on a change of
¢

position, usually on sitting up or standing. One such patient had
an attack of pulmonary cedema m bed but refused to sit up (3).
At autopsy the mitral valve was blocked by the tumour which
fitted snugly nto the orifice,

(8) Multiple Emboli. The fumour may cause no symptoms but
eniboll may be dislodged to various parts of the body (6). Other
signs are enlargement of the heart for which no cause can be
found (1). Skiagrams may show enlargement in the region of the
pulmonary artery (7). or the left aunicle may be enlarged back-
wards (8). .

A syndrome of Ball I'alie Thiombus of the Right .furicle has
been deseribed (9). The patient had mutral and tricuspid stenosis

. and aurieular fibrillation. There was dusky evanosis of the face

and neck, and engorgement of vems of the neck with systolic
pulsation. A striking vanation n the seventy of the symptoms
was noted, as a peculiar feature, mcluding the size of the heart in
the skiagram.

SarcomaTs. These are very rare. If they involve the auricle, -,

pulmonary cdema and the ball thrombus syndrome may occur
(10). A leiomyosarcoma of the left ventricle caused progressive
enlargement of the left ventricle sunulating a cardiac aneurysm
(11).

* §ECONDARY Carplac TrMoUks may occur through metastasis
or from direet nfiltration from an adjacent carciomsa, such as
from & bronchus or the eesophagus. Secondary invelvement of the

heart may be suspected when a patient known to have a carcinoma, -
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particularly of the adrenals or a bronchus, develops a cunl\m‘e'
" arthy thma sueh as auricular e.‘(tm‘)’slo}m or ﬁ.hnll.mon or . ;

' heart block (12). Ome such case with mﬁllkmhm\ imolving !n‘-
antenor and posterior walls of the left \'cntr.lclc h:u‘\ o pronounee
and persistent upward deviation of the ST junction bothAm 1'<-nd;
11 and 11T and in the precordial leads (13). Very eftcnswc infil-
tration of the heart may occur with but httle dl&!lll’b:}ncc .ni
function. Percardites, followed by hemorrhagte effusion, is quite
common,
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Contusion of the Heart

The heart may be brussed by any
or by a severe blow over the front
vehiele may have passed over the ¢f
been crushed betn een a mas ng and
tvely, a violent blow may have bee;
ehest by some heavy object such
have been flung forward g,
the first case there are I
or sternum. 1y the 5

crushing injury of the thorav
of the chest, A wheel of o
hest, or the chest tnay have
a stationary objeet. Alterna.
n recerved on the front of the
as beam, or the patient may
gainst the steering wheel of a car, In

kely to be multiple 1njunies to the ribs
econd there may

only be a small bruise ot
the pont of Tmpact, N
Patholagical Findings, In thoge dving from mntvas
afton anna g

oSt s beitniele (1),
v Lo ca
COntUSIAN 16 - s
of the heart T« "
aceident (2) 1
to contusion o
.

s¢ of death from a cardue
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acute failure, und a loud murmur, systolic in time, at the apex.
Rupture of a chorda tendinee is less serious. A ventricular
ancurysm may lead to death months after the trauma (4). ,

Symptoms. InvEpLaTE. These vary greatly accdrding to the
associated injuries. Cardiac symptoms may be masked by shock,
or by the pan of multiple fractures, or pleurisy. When contusion
has taken place without skeletal mjury, symptoms may be absent
at first. Thus one man, who died later from a cardiac aneurysm,
assisted other people from the car and changed the tyre before
he was struck with violent precordial pam (4). Another had his
first attack of angina while walking home two hours -after'his
injury (5). If auricular fibrillation comes at the onset, dyspnea
is likely to be present. After a severe injury the patient may die
quickly from pulmonary cdema (6).

Later. Haemoptysis indicates contusion at the lung. Pain und
dyspneea may develop from periearditis, or the myocardial lesion,

Physical Signs. The pulse may be totally irregular from
auricular fibrillation (7). Pericardial friction may develop later
(8). Gallop rhythm has been noted (9).

Prricanprris. By far the most eommon result of a cnrdmc
contusion 1s pericarditis. Friction may be heard about a week
after the mjury (8) (10), Electrocardiograms may also be typical.
A hxmopericardium which required paracentests was seen a day

,after o blow on the chest (I1). Recovery was complete in o

fortnight.
OTuER SEQUFLE. Angina pectoris is not infrequent. Patency

. of the intraventricular septum, presumably from rupture, has been

recorded (12). Mitral stenosis developed after a soldier had been
buried by a shell. Many years later the autopsy confirmed trauma
of the valve (13).

ELECTROCARDIOGRAPIIC ABNORMALITIES. The most frequent
! are auricular fibrillation, which may occur mmediately after the
injury, and curves denoting periearditis : other changes include
A-V heart block and flattening of the T waves (14). More rarely
inversion of T suggesting infaretion may oceur (2). We have seen
'these persist for three years (Fig. 2

from angina.
Treatment and Prognosis. Most cases of contusion will clear
up if the pnhent is kept at rest, and often the associated skeletal

2), The patient suffered severely .



Fie 22

Augina of effort, sunce fracture of stermum in car
accident three years before  Note deep Inversion of
Tin Veand V,, alsowmlead |

njuries will require this, $When pericarditis 1s present, rest should
Je continued untd the changes in the electrocardiogram have
secome stationary. Angina pectoris should be treated along the
nsual lines
The prog diately after s uncerto

Paracentesis may have to be done for hzmopencarditm, There
13 a sk of subsequent rupture or the development of angina.
The possibiity of a contusion should always he bhoroe 1 mind
and rest 1n bed should be enforced 1n all doubt{ul cases, In this
way some of the sequele could be avoided.

Penetrating Wounds of the Heart

Penetrating wounds of the heart are not often seen in thys
country, Electrocirdiograms taken on & patient with a stab
wound of the nght ventricle in 1937 showed a howed iny epsion of
Tin leads 1T and INT (15) 1t wal suggested that this misht be due
to pericarditss  Recently 23 eases have bheen mv‘\c\\c(\Bin whom
serial clectrocardiograms mostly with multiple precordial leads
were tahen from the first twenty-four hours to three Years n}m
the imury (16). Ewvidence of pencarditis was found l;\ 17 casces.
Leads T and 1f were chuelly affccted 1n the standisd Yeads, Fleva.
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 tion of S-T began during the first twenty-four hours ; the T wave
hecame inverted from the eleventh to the nineteenth day. Inver-
sion of T might persist for threc months and might mask the
evidence of a tight ventricular wound. However, a right bundle
branch block or locahized inversion of T in precordial leads furn-
nished sufficient grounds for the diagnosis of right ventricular
jury n 4 cases. Localismg signs of left ventricular injury were
found in 6 cases. In one the curve before operation was ty pical of
anterior infarction, and the anterior deseending branch was sub-
sequently found to be injured. The remainder had deep inversion
of the T waves in the precordial leads. Of 8 cases examined from
six months to three years after the wound, electrocardiograms
suggesting residual myocardial damage were found in five. The
conclusion 15 that pre-operative evidence of cardiac wmvolvement
can be found in the majonty of ecases. The curves may show
infarction, bundle branch block or pericarditis.  After operation,
changes due to pericarditis usually predominate, but evidence of
local damage can sometimes be obtamed from a bundle Dranch
Dlock or from an infarction pattern.
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Diphtheria
The toxm of the Klebs Leefller bacillus affeets the myocardium,
in addition to many other tissues. The peripheral cireulation is
affected as well as the heart muscle. The poison may be absorbed
from cutaneous infections as well as faucial. The incidence of
myocarditis may be as ngh as 89 per cent (1). Circulatory com-
plications are common’in severe cases and are the most important
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ause of death. But nowadays the )\h\h use of immum\nth
s reduced the frequency of this disease, fmd early !‘lf’l]',.',nl)s:
and the administration of antitodn humits its severity when §
o >
dof\sl;\:z::;lms. Pamorocicat, Criavers. The d.mn:\‘;:c \'n.n‘m
with the seventy and duration of the infection, There may be wide-
spread hyahne degeneration of the musele fibres; there may be
actual necrosis (1} Eibrosis shows some attempt at repair. The
conducting tssues are affected as well as the rest- The valses and
pencardiom eseage.
Cunicar Stexs. The heart enlarges and the apex beat beeomes
weak, diltuse and wavy tn character. The first sound at the apex
ecomes weak, causing & tic-tae rhythm, or there may be & third
sound causing the gallop rhythm. Changes in rate take the form
of a pronounred tachyeartda, or there may be bradycanha due
_to heart block. There 1s pallor and often vormting, with enlarge-
ment of the iver. The systohe bload pressure may fall to 60 mm,
Tg In a senes of cases of cutancous dipthena the eandine
cornplications came on about four to seven weeks after the infec.
tion (1)

Carptocrarnre Cnances.  Aunculo-ventrienlar block, partial

or complete, bundle branch block (3), auncular Nutter and fibnfa-
tion {4) and \entriewlar tachycardia all ocvur. There may he
depression of the ST junction (8) T waves i all limb Jeads may
becorde negative, and also 1 the precordial, Q waves may appear
w CRy and CR, (1), Most of these vhanges nre transient if the
patients sureive,

Complete heart block 15 alnays senous There may be Stokes-
Adams attacks  Complete heart-block has been known to persist,
The wdioventricular thythm may he unusually fast, about 100 a
manute. The block develops suddenly. The changes m the cardio-
gram develop early and may precede the physteal signs 5 they may
appear at the end of the first week.

If the dangers of the ecute phase and convalest ence are passcd
the heart muscle usually recovers completely  Patients exnmmni
)‘e;n afternards showed no abnormal after effcets (6).

FRIPHERAL FAILURE  The crreulation may fayl at the
The blood pressure falls. shout the end of t)?e first \\{ :-\ekpe'rll'}:)c):e"l's
some degree of hzmeconcentration, The patient 15 pale, restlesy
e | V)
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-" " tion of §-T began duri;'lg the first twenty-four hours ; the T wave

became inverted from the eleventh to the nincteenth day. Inver-
sion of T might persist for three months and might mask the

- evidence of a right ventricular wound. However, a right bundle

branch block or localized inversion of T in precordial leads furn-
nished sufficient grounds for the diagnosis of right ventricular
injury in 4 cases. Localising signs of left ventrcular injury were
found in 6 cases. In one the curve before operation was typieal of
anterior infarction, and the anterior descending branch was sub-
sequently found to be injured. The remainder had deep inversion

of the T waves in the precordial leads. Of 8 cases examumed from

‘six months to three years after the wound, electrocardiograms
suggesting residual myocardial damage were found in five, The
conclusion is that pre-operative evidence of cardiac mvoliement
can be found 1n the majonty of cases. The curves may show

infarction, bundle branch block or pericarditis.

After operation,

changes due to pericarditis usually predominate, but evidence of
local damage can sometimes be obtained from a bundle branch

block or from an infarction pattern.
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The toxin of the Klebs Leeffler bacillus affects the myocardium,
in addition to many other tissues. The peripheral circulation is
affected as well as the heart muscle. The poison may be absorbed

from cutaneous mfections as well as fanesal,

The ncidence of

myocarditis may be as high as 89 per cent (1), Circulatory com-
phcnhons are common'in severe cases and are the most important
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* Paruorocicsr Frypines. Two types have lw‘cn deseribed. The
first consists of granul which r bl ﬂm““l?'
mata, or gummata, but no organisms have ever ])cc.n l’ouml. in
them. This type has heen found in pregnancy and in arsenical
dermatitis during treatment for syphils. It may represent a
form of allergy In the second there is o diffuse inﬁ\tm\m? of ll.m
myocardium with lymphoeytes, mononuclear cells, efmnopluh
. and some polymorphs, The mterstitial tisne is chielly affeeted,
. hut necrosis of the muscle fibres also neeurs (2). ‘This type may

oceur 1n infaney, and similar histologieal findings have been
recorded 1n infective diseases such as pneumonia or influenza
. -In one ease hmmolytie streptacocct’ were cultured from the

; myocardium (3). '

Cuvicas, Featerrs. The condition 15 hardly ever diagnosed
during fife. Some patients dje suddenly. In others the onsct of
symptoms is abrupt with dyspncea, precordial paut, restiessness
and cyanosis, Death may oceur from pulmonary cedema in a few
days or the patient may live with a slowly progressive cardiac
failure for some months, One youth complained of pain during
@ game, and died 1n fourteen hours from pulmonary mdems.

Physical signs are tachyeardia, accentuation of the pulmonary
second sound. Pulmonary congestion and adema are present.

) Cardlac Hypertrophy of Unknown Cause
o Yon Grerke's or the glycogen storage disease is one catse of
massive carthac hypertrophy in mfants, There is enlargement of
the Liver and the myorardial glyeogen 1s much inereased {p. 37)..
Apart from thus disease, cardiac enlargement has been found
without any of the usual €auses an tve groups of cases,

1AL DranNesation There i
15 of the subendocardial zone. Mural
with infarets Varous organs, Tie
€oTOnary vessels are normal, Ob 1he other hand one has seen
such cases with a mmmum of pathologieal ch‘ﬂngc even in’
Symptoms of congestive faifure gl grca’t cardia
enlargement begm m eatly middle 2ge and death i), .
usually v, 1.thm 8 year (4), although one case had recurrent failur,
over a period oilﬂurgcen years (3). Four cases have been rcportes
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or apathetic, the pulse is fast and weak, the extremities are cold
and blue. There may be no abnormal signs in the heart, clinieally
or in the cardiogram. . ,
This type of peripheral failure is due to the toxemia.
Duan Facrors. It is evident that in a severe infection the

-, cardiovascular system is attacked in two ways. The peripheral

failure may come on early before the myocarditis, The myoearditis,
developing later may be too much and death results soon. In |
other cascs the myocardial lesions come on’ gradually and are
severe about the fourth week ; there 1s then danger of sudden
death if the patient be allow ed to get up too soon. .

TrEATMENT. The important thing is the early and adequate
administration of antitoxin. Myocardial lesions are more common
when this is given late or in too small doses. Digitalis should be
avoided. Adrenalin should be used for Stokes-Adams attacks,
A liberal glucose intake 1s indicated; there 1s hypoglyeemin from
glycolysis and the insulin secretion may be scanty.

If there has been myocarditis, prolonged rest 35 nceded. The
patient must be kept lymng flat, and any éxertion absolutely
forbidden as long as the pulse rate 15 raised, or thereas enlargement
of the heart or weakening of the nutral first sound, or any eardio-
graphic abnormalities still exist

In almost cvery case the recovery of the lle?rt should be

+ complete.
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Acute Isolated Myocarditis
- (Iedler’s Disease)
* Acute isolated myocarditis was deseribed by Fiedler in 1900.
(1). 'The diagnosis rests upon the presence of an nflammatory
process affecting only the myocardium. Neither the endocardium,
pericardium, nor other structures in the body are involved to any
degree. Out of 250 cases of myocarditis reviewed inl 1041, filteen
were of this type (2). ~ \ .
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Ermetine, Ynversion of the T wave may oceur as the result of
the admunistration of emetine. In one series of 70 cases who had
recetved emetine hydrochioride gr. 1 sub 1y daily for
10 days half showed either depression of the ST interval or
snversion of T. One had a bowed inversion in lead IV and pre-
cordial pawn (16}, In another series with a similar do<age flattening
or inversion of the T i one or more leads was observed in 25 out
. of 32 cases (17). In eight cases the turves returned 1o normal
within 12 days of the completion of treatment. The patients were
kept 1t bed during the course : none had any cardine sy mptoms.
Tn yet another sertes a third had inversion of T in leads 11 and
11 gnd a quarter i lead I as well (I8}, The changes persisted
from four weehs to four months In one case only four grains of
emetine had been given: the remainder had all reccived seven
grams or more. The hearts were not enlarged. Sometimes museular
_ weakness and tremor occurred, or diarthaea and aldominal pain.
1t s suggested that a second course of emetine should not be
£iven while electrocardiographic abnormafities persist, and, if any
have been present, two months should elapse before st is Ybegun.
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recently-in young soldiers (5a). Elecimcardiogmms may show
auricular fibrillation or flutter; bundle branch block or hcnrt
block (6).

<letiology. These cases have some of the features of I‘mdlcrs ’
myocarditis.  On the other hand, in some there were dlemr)
deficiencies, and one had pellagra. Although thiamine was w nhcut
effect, it 15 possible that a chromie deficiency of vitamin B plays
some part in the wxetiology (4).

"2, Wrrn Hyrorrropny oNLy. In this group the patients
have died suddenly. At autopsy only gross ventricular hypertrophy
has been found, without any degeneration or fibrosis. In one man
who dicd after a lateral infaret, the heart weighed 1100 g. and the
coronary arteries were widely patent (7). In another where the °
weight of the heart was 1350 g. the aorta was hypoplastic and it
was thought there might be some piturtary dysfunction (8). A hoy
‘who suddenly fcll dead had a shghtly increased content of glycogen
in his myocardium (9). These cases are fortunately very rare and |
the wmetiology is quite obscure,

Sarcoidesis. Rarely 1n a case of generalised sarcoidosis
tubercles arc found 1n the heart and pericardium. Nme cnses
were callected from the hterature mn 1944 (10}, The heart 15
enlarged.  Elcetrocardiogram shows bundle branch block or
complete heart block (11). Ventricular tachycardia may ocecur.
1t is possible that some cases of myocarditis of unknown origin
may have been due to sarcoidosis ~

Trichinosis. Myocarditis 15 found occasionally after infection
with trichina spiralis. In one case the larvae were found n the
ventricular musele at autopsy. The T waves were mverted in

-leads 11 and III about a fortmght after infection (12).

In a large senes, onc fifth of the patients show abnormalities
in the cardiogram. Abnormalittes mn the RS-T scgment were
often noted, and there was prolongation of QRS which tended
to persist. There were no clnical abnormalities apart from those
in the cardiogram (13).

Myotonia Atrophica. More than half of those suffering from
this .rare discase show evidence of cardiac nvolvement (11).
Electrocardiograms show bundle branch block and Iatent heart
block. Inafew cases the heart has been enlarged (15).



SCLERODERMA . 163

Emetine. Invession of the T wave may m‘m: s the t(‘ﬁ\l\l\ “lg
the adnnoistrotion of emetine. In one series of 70 cases » I.m. 1;1
seceived emetine hydrochlorde gr. 1 subeatancously dm‘? ar
10 days half showed either depre?smn of t.'nc ST n'\\u\n\ ot
wversion, of T, One hiad a hon ed inversion i Tead 1V and e
cordial pam (16). In another series with a similar dosage (}u\k:mng
or imersson of the T 1 one or mare leads was abserved in 23 ont
of 32 cases (17} Tn eight cases the eurves returned to normal
within 12 days of the completion of treatment. The paticnts were
kept 1 bed durmg the course - none hsd any (‘Ilrtllﬂt‘ symptoms,
Tn yet another serics & third had nversion of T in Jends ", and
1H and a quarter in lead T as well (18). The changes persisted
from four weeks to font months. 1n one case only four grains of
emetime had been given. the remander had all reccived seven
grains or more. The hearts were not enlarged. Sometimes muscular
weakness and tremor eccurred, or diartheea and abdominal pam.
It is suggested that a second course of enietine should not be
given while electrocardiograplue abnormalities persist, and, if any
have been present, two months should elapse before 1t 1s begun,
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recently.in young soldiers (5a). Electrocardiograms may show
auricular fibrillation or ﬂutter, bundle branch block or hcart
block (6).

Hetiology. These cases have some of the features of Flcdlers ’
myocarditis. On the other hand, in some there were dletar)
dcﬁmcncxes and one had pellagra. Although thiamine was without
effect, it is possible that a chronic deficiency of vitamin B plays
some part in the wtiology (4).

2. Wrrnt Hyecrrropny oxuy.  In this group the patients
have died suddenly. At autopsy only gross ventricular hypertrophy
has been found, without any degeneration or fibrosis. In one man
who dicd after a lateral infaret, the heart weighed 1100 g. and the
coronary arteries were widely patent (7). In another where the
weight of the heart was 1350 g. the aorta was hypoplastic and it
was thought there might be some pituitary dysfunction (8). .A boy
‘who suddenly fell dead had a shightly increased content of glycogen
n fus myocardium (9). These cases are fortunately very rare and
the xtiology is quite obscure.

Sarcoidosis. Rarcly in a case of generalised sarcoidosis
tubercles are found in the heart and pericardium. Nine cases
were collected from the literature m 1944 (10) The heart 15
enlarged.  Electrocardiogram shows bundle branch block or
complete heart block (11). Ventricular tachycardia may occur.
It 15 possible that some cases of myocarditis of lmknown origin
may have been due to sarcoidosis. '

Trichinosis. Myocarditis 15 found occasionally after infection
with trichina spiralis. In one ease the larvee were found in the
ventricular muscle at autopsy. The T waves were inverted 1

-leads 11 and III about a fortnight after infection (12).

In a large series, onc fifth of the patients show abnormalities
jn the cardiogram. Abnormalities in the RS-T segment were
often noted, and there was prolongation of QRS which tended
to persist. There were no clinieal abnormalities apart from those
in the cardiogram (18).

Myotonia Atrophica. More than half of those sulfering from
this .rare disease show evidence of cardiac involvement (14).
Electrocardiograms show bundle branch block and Iatent heart
block. In a few cases the heart has been enlarged (15).
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Addison’s Disease

Tyisense of the supracenal glands induces profonnd ﬂmngr? in
the circulation.  Adrenal cortieal tumours cause hwcr(cmu'm,
either persistent or paroxysmal, and this may lcad‘to congestive
heart falure. In Addison's discase the heart is <nm\\: and
the blood volume is low, Doth may decrense suddenty in the
adrenal erigis, The candio-thoraeie ratio was found to be alw By's
below .40 in Addison's disease, snd to fall helow .82 in (crim.
After treatient it Tose to an average of ,43 (1)

. Inthe t of eases with desoxyoorti acetate the
size of the heart varies with the dose of D 0.C.A., if the daily
intake of sodium is kept constant, and vice versa. 1f the dose of
sodium 1 grammes muluphed by the dose of DOL.A. in milli-
grams 15 kept between 87 and 45, the size of the heart will remain
constant (2). Thus the same effect is obtamed by giving 4 grammes

of sodium and 10 mg. of DO.C A, as by giving 8 prammes ot

sodium and 5 my of NOCA. In ensis or wmpending erisis the
dosage can be exceeded for a few days, and the product of the
sodsum and D O.C.A, doses may be alloned to reach 110, Thus
5.5 g. of sodum and 0 mg of D.O.CA. may be given or 11 g,
of sodum and 10 mg. of D.O C.A. This dose must be reduced of
the candio-thoracic ratio teaches 0.5. The size of the heart was
found to be most reliable criterion of the results of treatment,
A ganin weight, 1f rapd, may be due to intoxweation. The blood
pressure may be normal even though cardiae faidure 1s impending,
The level of the bood sodium 15 unrehable. Nausea, vomiting,
famtness, weakness and low Wiood pressure may recnr dusing
treatment  the si7e of thie heart will show if an inerease 1n the
d.me 1s necded to clear them up  The frequent estimation of the
size of the heart 1 such M panients 1s, however, ot ensy- angd
hardly practicable o

_ The effects on the cireulation of an overdose of D.O C.A. was
investipstrd by mving 20.50 mg mtramuscularly to normal
suh)ec.ls datly for a fortnight (3). Their weight mereased, due 1o
retention of water, and so did the traneverse card :

In most the height 2 1ac dameter,

™ ©Ight of the T-wave was lowered, and 1n those wh

r;ecwnl the highest dose it became nverted. Hoth exercise nn:;
the injection of adrenaline enhanced the changes 1n the T-waves,
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hatdencd, stiff and wasted. The term dermatomyositis may tt
be used. Raynaud’s phenomenon is seen in the fingers. In'one ¢
of dermatomyositis the vascular lesions were so severe that ule
formed on the fingers and fect (1). The lungs may become fibro
and a stricture may form in the lower part of the ccsophagus.
Cardlac Lesions, These are of special interest. In t
myocardium there is active vascular fibrosis (2, 8). 'The collag
_ fibres proliferate freely and the muscle fibres disappear. The I
of the muscle is the important thing (5). There is some lymphocy
infiltration. Macroscopically the myocardium looks brownish a
stringy and feels flabby, The chambers are dilated. The corona
arteries and their branches are normal. A progressive heart failu
results, with normal rhythm. A gallop rhythm 1s heard (4. .
The cardiogram shows low voltage, slurring of QRS and flatten
T waves. There may be heart block (4, 5). The skiagram sho
generahised cardiac enlargement.
The ngmdity of the skin and thoracic muscles interferes wi
; breathing and dggravates the dyspncea. The development |
cedemna is hampered by the rigid, inelastic skin, and so gre
discomfort arises. The course progresses to a fatal ending ar
treatment avails nothing. The point of cardiological interest
the progressive development of heart failure which is the ultima
cause of death. The course of the disease may be anything fro
a few months to a year or more. =
Suamary. In this type of ease the pathological process was th
+ same n all muscles. It has been suggested that scleroderm:
dermatomyositis, Libman-Sacks disease and polyarteritis nodos
have all something in common (8). The histology of the last seer
to be diffcrent. Transitional and intermediate cases are met wit]
_Until more is known about the cause, the matter 1s speculative, bu
the point is worth keeping in mind. Possibly cases with myocardu:
lesions will be found without scleroderms, just as the Libmar
Sacks syndrome may appear without lupus erythematosus.
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Vitamin B Deficlency
The Beriberi Heart, Beriberi, 13 scen in the East, takes
1wo forms, the dry with polynenritis ot encephalopathy, and the
cardiovaseutae at “wet” form, Cardiovascular berberi is seen

in three grades of seventy. Mild cases have only dyspnaa and

palpitation s moderately sever cases have eulargement of the
heart with cedema. In “Shoshin™ the patient has severe restro-
sternal or epigastric pam and restlessness : there is s enous conges-

“ tion and cedema ; the failure rapidly becomes fatal {1). This type
15 not seen W this country.

Benberi 1 due to o deficienty of vitanun T {ancurin), and so
affects partieularly nice eating communities. In the West deficieney,
may be due to porerty with a grossly deficient diet (2), but 1t is
more often seen 1 chronic alcoholies, who lose all desire for food
and live on the calones contamed in the Jarge quantity of aleohol
they consume

Caxiew Fratures. The constant feature of all eases is ederma
29l cardiae enlargement. The cedema may be hnted 1o the legs
but semetimes walves alse the face and sbdomen, sinwlating
renal adema (3t In addition to the enfargement of the heart,

- which may be predommantly right-sided (8), shiagtams show
promument tung roots and evidence of pulmonary congestion,
Patrents may complam of dyspneea or epigastne pain.  Gallop
shythm with rachycardia 15 common. If the pattent does nat rest,
\[‘f:mus‘snd hep'm‘c ENJOTZEMENY MAY eNSUC With wry pra A e

| =wv edclivvardiogram may be normal
but. !\n.tt‘tm:‘\g olr oversion of the T wave ;m) be present in om‘:
ormore leads, In one case they wete myorted §

In another series the PR 4n ; o s

terval tended to be abnormally short, ”
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Two cases of Addison's disease received a serious overdose.
(4). DBoth patients developed hypertension, cedema of face and
legs, pleural effusion or pulmonary ccdema. The venous pressure
was rmsed. The heart shadow was enlarged. The electroeardio-
gram showed low voltage curves and flat T waves. The cardiac
farlure disappeared after the D.0.C.A. had been reduced and the
patient had received full doses of digitalis.

In Addison’s disease sodium is lost from the body and so the
blood volume falls. The small heart is due to the lass of celliler
glycogen and water (2}, D.0.C.A. allows the sodium to be retained,
and so the balance is restored. Potassium seems to be Iost from
all muscle tissues, and especially from the heart, after prolonged
treatment with D.0.C.A. It 15 advisable to give between 5 and
7 grammes daily during treatment.

In overdosage with 11.0.C.A. the biood volume rises and cardiac
fuilure with cedema develops. Very much the same changes were
observed m the normal subjects who were given D.0.C.A. as~
in another group who took excess of salt in therr diet. It is
possible, therefore, that the suprarenals play some part in the
increase in blood volume which takes place in cardiac failure from
other causes.

Potassium. The effect of potassium upon the electrocardiogram
has been noted i several conditions. When given as potassium
citrate and chlonde to normal subjects the height of the T wave
mereased (5). The action seemed to be through the vagus. Flat
and mverted T waves in myxcedema became upright after taking
potassium (6). In familial periodic paralysis the T waves were
flattened when the patient was in an attack with complete flaccid
paralysis (7). They became normal when recovery took place R
following the adnunistration of 8 g. of potassiun chlonde.
Flattened of mverted T-waves were found in patients who had
taken too much D.0.C A., as well as in the normal subjects who
were given it. It would seem likely that these changes are due to
Joss of potassium, although 1t should be remembered that flattened
T waves occur in & number of other conditions which bear ne

relation to Addison’s disease.
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Vitamin B Deficiency
The Beriberi Heart. Benberi, as scen in the East, takes
two Torms, the dry with polyneurntis or encephatopathy, and the
carhovasedlar or “wet” form, Cardiovascular henheri is seen
i three grades of severity, Mild cases have only dyspnas and
palpitation ; moderately severe cases have enlargement of the
heart with cedema. Ta “Shashin® the patient has severe restros

sternal or epigastric pam and restlessness @ there is \enous conges-

tion ahd ecdema ; the farture rapidly becomes fatal (1), ‘This type
15 not seen m this country,

Beriber is due to a deficiency of ¥itamin Bl {aneurin), and so
affects partic

fy rice eating if In the West deficieney
may be due to poverty with a grossly deficient diet (2}, but it §
more often seen 1 chronte alenholies, who lose all desire for fund

and hive on the calories contamed in the large quantity of aleohgl
they consume

Cuntesn Feareres, The constant feature of all cases is eedema
and cardiac enlargement, The edema tay be limited to the legs
but sometimes mvolves also the face and abdomen, stnlating
renal aedema (2)  In addition to the enlargement of the heart,
which may be predominantly right-sided (8), skiagrams show
promunent lung toots and evidence of pulmonary conpeshion.
Patients may complain of dyspnoen ot edioactme nain (13

e

L. b e cuae LAPULO-VasCUlir siwng ame —ont T

© sau o L€ peart has been noted (5.
was pertvascular cedema wtl A e

o s iy b fepnr:mon of the muscle bundles.
) . The d may be normal
but flattening or inversiou of the T wave ;\nv e present in o:n':
or rore feads In one case they were inverted inall threc leads (6
In gnother sexies the PRt 1ny, o

erval tended to be abnormally short, ~
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below 0,14 second in 5 out of 9 cases. In several there was right
axis deviation, as one might expect (8).

CircuraTory CHaNGrs. Patients have been noted to have
warm skins. The pulse pressure may be rmscd with pistol shot
diastohe sounds. The velocity of the blood ﬂow was rather fast
(5). These observations suggest that the cardiac failure may be
of the type with high output, and confirmation by means of the

+ , auricular catheter will be awaited with interest, ;

Summary. Deficiency of vitamin B1 (aneurin) causes cardiac
failure with cedema. If the patient does not rest, venous congestion
and severe dyspnaea may ensue, The cardiac failure is never so
severe in those whose capacity for exertion has been himited by
peripheral neunitis. There 1s some evidence that the falure may
be of the high output type, but confirmation of this by modern
methods 1s at present lacking.

TrEarMENT. Digitalis 15 useless. lln[nd and complete recovery
may beexpeeted on 10 to 20 mg. of crystalline ancurm given
intra-muscularly thrice daily. Yeast should be taken by mouth,
The eardiogram returns to normal, the heart regains a normal size.
The therapeutic effect of ancurin, adequately administered, 15 s0
reliable as to be diagnostic. The prognosis 1s therefore gnod once
the diagnosis 1s made.

Pellagra 1s due to deficicney of witamin B2, There 1s &
characteristic dermatitis and pignientation of the exposed parts
of the skin, parxcthesia and mental dullness, Out of 27 cascs 18
showed some flattemng of the T waves with shght depression of -
the S-T intervai (7). The changes returned to normal after treat~
.ment with meotinie actd. A case with the dermatitis of pellagra, )
peripheral neuritis, and adema has been described. The T waves
were inverted (3). There was no dietary deficiency and the
condition was ascribed to.mal-absorption,
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CHAPTER IV
HYPERTENSION . .

Tasentizl Hypertension

Tus, classical definition of hypespiesia, ot primary, "*“‘:".h“l
hypertension, which Sir Cliford Allbute gave to his oviginal .
description was “a disease which, wdependent of the Lidneys 1“}‘
\ts gwn characters, of whith high nrterial pressures, both systolic
and diestolie, seem to he the cluef.” A vast amount of rescarch
duning the last twelve years has done much to incnminate the
Lidneystoa degree hardly suspected at fisst. The clnim to indepens
dence 1 the iitial stage has still to be refuted. .

This disease of the cwvilised peoples has a Jigh incidence
nowadays. In the United States 1t causes something over one-thind

of the total deaths (22) Well may st now usurp from tubereulosis

the title from John Bunysn used by Osler, “Captain of the Men
of Death.”

The Normal Biood Pressure. The range of the normal is |

" wide, not only from patient to patient, but from time to time, and
in vanous parts of the srtenal tree. There may he as much
difference as 10 mm, systolic and 5 mm, diastolic between the

Pressures in each brachial artery (1). \

Ace Varurions, The range of the normal vares with age. '
According to Wiggers {4), up to sixteen years the systolic pressure
tends to nse from 90 to 115, and the diastolie from §3 to 75, AL
forty the upper hmut of normal is 140 systohc and 90 disstolic.
Above this age the systahic may reach 150, but the diastolie should
ot exceed 90, The systolic pressure 15, of course, labile, but in
some subjects the drastohe too may vary considerably with
tmotion,

Postuze. Standing up causes o fall m the systolic of 10 to
20 mm., and a shght nse i the diastole of 5 to 10 mm, The
systolie should slowly regain its usual level in & minute or so.

Tecuvque. It readings ave to be rehable one cannot pay too
uuch attention to the minutix of techmique  Whether the patient
sits or lies makes but ittle dutt {8). The standarg; 4 :[

1m
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technique has been defined by the joint recommendations of the
Cardiac Society of Great Britain and Ireland and the Anmierican
Heart Association (4). It is worth while to note certain points
that should be emphasised. The rubber bag should be 12 to 13 cm.
wide and must be fitted closely over the brachial artery. The
mercury should be raised rapidly 80 mm. above the level at which
the radial pulse censes to be felt and then allowed to fall about
8 mm, per second. The level at which the sounds are first heard
gives the systolic pressure, unless the palpatory level is the higher;
in which case it is taken., There may be some variation on respira-

* tion ; when thereis arrhythmia, such asfibrllation, the reading can”

only be approximate, When there are premature systoles the large
returning beat should be disregarded. If the arm is fat, bulging of
the cuff should be avoided or the reading will be inaccurate.
Occasionally the sounds fade helow the systolic level, and an
“auscultatory gap™ is present. Reading the returning sounds at
the lower limit of the gap as the systolic pressure will be avoided,
if the palpatory method is used first. Both pulses should be felt,
and the pressure read 1n both arms if they appear to be unequal.
The diastolic pressure should be read at the point when the sounds
suddenly become dull and muffled. The American Committee
suggested that the level at which the sounds disappear indicates
the diastolie. This may be several millimetres below the point of
change. In aortic regurgitation, thyrotoxicosis, and sometimes in
nervous patients, the sounds may persist unchanged nght down
the scale. In this country the pomt of change is accepted as the
diastolic pressure. That this 1s aceurate enough for ordinary
purposes has been shown by a graphic istrumental wethod (5).
On the other hand direct intra-arterial readings suggest that the
auscultatory method gives a systohic which 1s some 10 mm. too
low, while the diastolic agrees with the point at which the sounds

disappear (fifth phase) rather than the level of change (fourth

phase) (6). If the pomt of change does not agree with the point
at which the sounds disappear, the three figures may be recorded.
It 15 clear that nesther lev el 1s free from objections. In the majority
“of cases the difference between the two is too small to matter,
Femoral Readings. ‘The relative heights of the pressures in the
femoral and brachial artcries have been studied. The muscular
- mass of the thigh would indicate the usc of a larger culf than one
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12 ems. in widths 15 ems. is suggested. §omc u\,;;;rvfrs trh;“k
that with the patient prone the usual cuff is mlcquafl: (7). " )\l‘)
find that the systolie pressure in the leg 1 some 25 mm. higher
than in the arm and the diastohe 23 mm, Standing ¥p wnereases
the drastolic pressure considerably. Others prefer the wider cuff:
with fhe natrow one the indwreet Teadings, compared #ith o direet
method, are 17 per cent inaccurate for the systolic and 58 )tcr (‘mt
for the diastohe pressures  With the lasges enff the systolie gives
only a small ertor: the diastolie is too high (8).

In takmg femoral readings, as has been stated, & culf 15 ems,
wide, with & coser longer than usual, is probably M\\‘. The
patient should be prone and the bell of the stethascope placed
over the papliteal artery, The systolic and diastolic readings can
then be made fairly necurately. Further confirmation by other
observers of the mgher pressures shows that the systolic and
hastolic readings are about 83 mm. and 20 mm. higher than in

he brachial (9) Undue s enous congestion from prolonged reading
nay raise the diostolic pressure {10),

T3S phnarys WIHPOTIRTA 4o thmwnzit 2% T 2 pomsive, vmehiond
Disturbances, and alfow the pressure to settle down. Ancroid
manometers are apt to get out of order.,

Facrors Cavsise Vartanions. The Basal Pressure. When the
person 1s truly at rest, mentally and physwally, the hasal pressuse
may be surprisingly fow, often below 100 mm. in Luropeans (11).
During sleep the pressure may fall to 935, The term “supple-
mentary pressure” has been used for the difference betneen the
“basal pressure” and the “casyal pressure,” which represents
the readimg obtamed without special relaxation,

The systolic prece=- ~ o
Meals may cavse - C
may cause a grez
prevsures.  Emo . a wvnastianty, but
sometimes the duastohe mes too  Netvousness may abolish the
c:llnnfcl mn zhe sounds which should show the diastole pressure,
Ll s s, T iy v

of E\Irop::ms tend 't‘:;”':‘;l:;‘e’i“]“ml‘l‘-;) ihma!e, “The pressures

weather. Respiration causes i 'the . @ Bt climates and warm

tends to fall on nspirat ytintic vanation. The pressure

P Prration and rise on expiration. This 15 mainly
«
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 because there is a lag in the effect produced by the increased

filling of the right heart on inspiration, so that the resulting
increase in the output of the left side does not show itsel[‘ until
the succeeding expration (2.

It is apparent that a single reading of the h]ood pressurc does
not give more than limited mnformation, Thé more observations
that can be obtained the better, owing to the rather wide
variations from many causes, The hmits of the normal are not
precise. Many consider that 100 mni. may be regarded as the
upper level for the diastolic, rather than 90. But as there is some
disagreement, amounting to as much as 10 mm, at which pomt
the reading should be made, and m many instances the end point,
particularly at phase 4, is not clear-cut, a dubious or border-line
case may have to be assessed on additional findings and several
readings taken. One thing 1s certain ; they will all be dulferent.

Diagnosis of Essential Hypertension. The diagnosis in the
early stages is not easy. One has become accustomed to regard a
reading of over 160,100, as abnormally lugh. One defition has

given 150,90, when found consistently, as mdieative of hyperten- -

sion (138). The important word 1s “‘consistently™ ; for the range of
variation, considering age. sex. race, and emotional state, is not
small, It 1s clear that one reading 1s of but little value, and the
more that can be made the more meaning they have. The basal
pressure is definitely raised i hypertension : as the casual pressure
rises, so the basal 1s increased as well. The supplemental pressure
has a vanable level, for the casual and basal pressures vary
ind dently (14). If circ ances ailow, the true basal pressure
should be obtamed The ligher the basal pressure the more is the
casual likely to be raised (15). There 15 no doubt that the early
phases of essential hypertension are marked by transient rises,
and when the d lic pressure is ded over 100 1t 1s very
sigmficant (16). Emotional mstabahity affects the systolic pressure
chiefly, and with a diastolic at normal level a rased systohic can
then be disregarded. When the pressure tends to be hugh, it is
most important to gauge the patient’s nervousness, The rate of
the heart may be a guide, but it 15 not always raised. The increase
in the force of the heartbeat 1s probably as uscful an indication

as any other.

Corp Pressor Test. In order to detect possible latent
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hv‘pﬂ\lminn or eenluate border-line eases, the f“m pressor t;‘St
of Hines and Brown (17} hias been extensively tried. The hand i3
ummersed 1n 1ee-cold water for a minute, and the pressure mensared

" in the other anm. A sise of ever 20 ma Heom the systolic v‘md

,15 mm, H, in the diastohe has heen regarded as a iy per-reaction.

Hypertensné persons gave rises of 40 mm. or more.

“As an indication of o “pre-hypertensive state™ the test has
various mterpretations  Russell (18) found that there was no
relatinn between hyper-reaction and the subscquent development
of hypestension. In persans oser the age of fifty the test had but
ttle use, for about half the apparent normals gave positive

+ results (19). The same conclusion had been previously reached by

Feldt and Weinstraud (20) Other observers have found the resnlts
o vanable on different occasions on the same subijects that the
definition of “normals™ and “hyper-reactors™ was impossiile {21,
22} In spite of these varishle results it would appear that
s hypertensives are twice as likely to react o8 normals. A positive
reaction 15 not giver 1n nephritis (23), This also has been found by,
“another observer (21). Thert is no doubt that the test shows
measure of vasomotor instabiity, and may suggest that the cause

of essential hypertension 1 already present (23), One-hird of

_ ~ these hyper-reactors developed hfprrtension within six years.

3 whide none of the hypo-reactors did 1t has been pmcif;le to

demenstrate a fambal tendency to hyper-reaction,

There 15 some evidence that prolonged 1mmersion in cold ‘sea-
« water may lead to the d

o hype i

although 5t 15 difficult to exclude some predls)‘msxtion’(l'.’l;)

v The conclusion would be that hyperreactors are more Iikely
to develop hypertension than normals, But normal reaction does
not exclude hypertension later, nor does yper-reaction make it
mevitable Tt is-diflicult 10 hase & dhagnosis on Ty per-reaetion an
any indnvidual case. The early diagnesis must depend on taking
Into consideration as many factors as possile  The stoomieal
points that must he borne n mind are dealt with nest- °

Aeuul‘ngy. There are Aearly many predispoang or partial

K :\“:‘e:, x:! ( Se:;e::al hypertension even if the true and fimal vne st}

Race. It appears that negroes in Africa have ower pressures
than those 1 Amenca. The Chinese have lower pressures than
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Europeans, But questions of diet, local disease, chimate and so
forth, come in too. Crossing with the white race seemis to increase
the incidence of hypertension m Ameriean negroes. In the United
States the incidence amang them may be higher than in the white
population {27, 28),

Sex. There seems to be a igher incidence among women but
figures vary, .

Acr. The frequency of essential hypertension increases over
the age of forty. Trom this age onwards the incidence mounts
steadily, particularly among women. Between the forty and
forty-nine 26 per cent were males and 32 per cent females. Between
fifty and fifty-mne 11 per cent were males and 53 per cent females

(29).

familial incidence.  One mvestigation showed that when both
parents had normal tension, only .1 per cent of the children had
raised pressures. When both parents had hypertension, the
incidence among the childern was 45.5 per cent (30). In another
series there was a family history of hypertension in 87 per cent of

Hurrprry, The general wmpression 1s that there is a strong .

cases. The maidence was six times greater wlhen the family history °

was positive 1 another group, than when it was negative (13),

In a recent study there was found to be a famly history of
hypertension in about four-fifths of the cases. The hypothesis
was advanced that this 1s a “hereditary” disease conveyed as a
Mendelian domunant with a rate of c\prcsslon of more than 90
per cent (30a)

IxpivipuaL Diarnesis. That a plethorie type exists, with a
tendency to overweight and thick-set build, in whom high blood
pressure is conunon, fow will deny, While obesity 1s not a cause
of hypertension, it 1s often an associated finding (31). It must be
remembered that a fat arm may lead to a falsely high reading
with the ordinary cufl. When patients were divided mto tiwo
types, tall and thin “hinear,” and thickset or **broad,” it was found
that in the “hnears” the ratio of low pressure to lngh was as three
to onc; while m the “broads” it was as one to three. In any

random group of male “broads,” the gh pressures were thrice
as comumon as the Tow, and five times as common in females, In
ny random group of by pertensives the “*broads” were as four to
one among the males, and cleven to one among the femafes (32).
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Althaugh the classification into the two types may not be very
accurate, the figures are striking and confirm pusnnnl lm['ucsilﬂm.
Whatever may be the method that starts the h):pmcn\wc s\nt'e. i
the underiying couses seem to be psychio-somatic and of ‘gcnehc
atigm, buried deep in the stuff of the stock from which the
mdu idual springs (32a). :

Exnocnisy, Cavses. 1t 1s very doubtful whether menopausal
ypertension eosts. The assaciation is probably fortuilous.. as
!};ere is & tendency for hypertension to develop about the time
of the menopause in sny case.  In normal womnen, as in men,

- the graph of the average increase in the Blood pressure readings
between the ages of twenty and sixty follows a straight line,
There 15 no tendency for the pressure to rise unduly in women
between the ages of forty and fifty (33) There may he an assotia-
tion with hyperthyroism {31), and hyperthyroidsm  miay
precipitate hypertension; but removal of the buth of the thyroid
does ot alleviate the hiypertension (35). The raised hasal meta-
hohe rate 50 often found 1n hypertension 15 obsenre in angin, The
hyrod 1s nornial, and partial thyroidectomy does not reduce the
wised metabolsm (36). The chinieal features of mtuitary and
adrenal tumours are discussed elsewhere {p. 185).

Rexav Iscrmnma, When Geldblatt (37) produeed hypertension
in dogs by elamping hoth the renal arterses, or clamping one artery
and Temoving the hidney an the other side, the Yery smportant
conclusion becamse elear that renal schem might dead ta hyper-
tension. Later Page (38) showed that copstriction of a kidney
oy 2 eflophame envelope prodiuced similar resalts. The next step
was to elimmate all possibibty that nervens wituenses led to the
nse m pressute. Denervation of the kidneys (39), tesection of the
splanchiuc nerses [40), destruction of the spinal cord (41), sym-
pathectomy (42}, waterfered in no way with the rise 1n blood
[rrressure, T};e nference, then, was that there w

for nervous factors had Deen excluded ; 1hat sor .
produced m the sehemc Wadpey tha  partt some substane was

t had a Pressor action
the pressure did not 1ise when the renal vem wew a1 5 o 4
annanmad a1 0

as & humorat cause,

o onadBine hidney 10to the neck of o
whose kidney s bad been renoy ed, foranise jn blood Pressureat nn?;
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Europeans. But questions of diet, loeal (lisc:;se, climate and so
forth, come in too. Crossing with the white race scems to increase
the incidence of hypertension in Amcriean negroes. In the United
States the incidence among them may be higher than in the white
population (27, 28). .

"8ExX. There seems to be a higher mcidence among women but
figures vary. .

Acr. The frequency of essentinl hypertension increases over
the age of forty. From this age onwards the incidence mounts
steadily, particularly among women. Retween the forty and
forty-nine 26 per cent were males and 32 per cent females. Between
fifty and fifty-nine 11 per cent were males and 53 per cent females
(29).

Hmmm'r\'.. The general impression is that there 15 a strong
familial incidence. One investigation showed that when both
parents had normal tension, only 2.1 per cent of the children had
raised pressures. VWhen both parents had hypertension, the
incidence among the childern was 45.5 per cent (80). In another
series there was a family history of hypertension in 87 per cent of ~
cases. The ineidence was s1x times greater when the family istory ~
was positive 1 another group, than when it was negative {13).

In a recent study there was found to be a family history of
hypertension in about four-fifths of the cases. The hypothesis
was advanced that this is a “hereditary” disease conveyed as a
Mendelian dommant with a rate of cxpression of more than 90
per cent (30a). '

Inpivipral Diatnesis. That a plethorie typo exists, with a
tendency to overweight and thick-set build, 1 svhem high blood
pressure is common, few wili deny  While obesity s nat a cause
of hypertension, it is often an associated finding (31). It must be
remembered that a fat arm may lead to a falsely high readuig
with the ordinary cuff. When patients were divided nto tho
types, tall and thin “hncar,” and thickset or “broad,™ 1t was found
that in the “hinears” the ratio of low pressure to lugh was as three
to one; while in the “broads” it was as one to three. In any
random group of male “‘broads,” the ligh pressures were thrice
as common as the low, and five times as common in females. In
any random gnlmp of hypertensives the “broads™ were as four to
one among the males, and eleven to one among the females (32).
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Although the dassification into the two types may "“’" be }?f}'
accutate, the figures are striking and confirm personal Imy}rmlom
Whateyer may be the method that starts the h{ periemive “"“?’
the underlying canses seem to be poycho-samatic and of genetic
ongi, buried deep n the stuff of the stock from wiuch the
indndual sprngs (32a). -
FxpocrivE Cavses, 1 15 very doubtful whether mcl'\opnmu\
hypertension eXists. The association is probably fnrlullnu‘i,. as
there 18 8 tendency for hypertension to develop about the time
of the menopause in suy case.  In normal women, as in inen,
- the graph of the average ncrease in the Wlood pressure readings
hetween the sges of twenty and sty follows n straight line.
There 15 no tendency for the pressure to rise unduly in women
between the ages of forty and fifty (33). There may he an asocia-
tion with hyperthyrouhism (3%), and hyperthyrvidsm may
precipitate hypertension; but removal of the bulk of the thyroid
does not alleviate the hypertension {35). The raised basal metas
bafie vate so often found n lypertension 1 abscure 1 ongin. The
thyrord 15 normal, and partial thyredectomy does not reduce the
taised metabolistm (36)  The chiwcal features of mtuntary amd
adrenal tuniours are discussed elsewhere {p. 133).
Rexay Iscnma. When Goldblatt (37) produced hypertension
m dogs by clamping both the renal arterics, or clamping one artery
and removing the kidney on the other side, the vers imnnrtont

pueny wuvaupe ploaueed sumlar results, The next S(l“p
minate afl possibility that nervous wiluences leil 1o the
Tise n pressure. Denervation of the hidneys (89), rescetion of the
splanchnie nerves (40) destruction of the spinal cord ($1), sym-
pathectomy (42), mterfered 1 no way with the nise in hfood
pressure The wfesence, then, was that there was o humoral cause,

far nervous factors had heen excluded ; that some substance \\':xs:
produced m the ischamic kidaey that had o pressor action, As
the pressure did not sise when the rena) vem was ocdu:k:d .lt
appeared that the pressor substance left the lidney in the M:md
{13). The presence of the pressor substance n the e
shown by transplanting an schenie kidney into the
whose kidneyshad been remated, foransemn blood

way to ek

nal vein wag
neck of a dog
Tessuteat onee
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resulted (44). Further, the presence of a pressor and vasoconstrictor
substance has been demonstrated in the blood from an ischemic
kidney (45) and also in the plasma of hypertensive patients (46).

Thus it beeame clear from experiment that the ischwemic kidney
was the source of a pressor vasoconstrictor substance, and that,
also, a healthy kidney could in some \\'a): eliminate it. Removal
of a healthy kidney causes no rise in blood pressure ; subsequent
constriction of the mamn artery of its fellow does. After the initial
rise following unilateral constriction of a renal artery, the pressure
slowly tends to fall ; if the healthy kidney is removed 1t rises again
(45). The source and the fate of the pressor agent was shown to .
be in the kidneys.

Tut Pressor SunsTances. Page (47) showed that renin was
liberated from the ischeemic kidney. When injected into normal
ammals 1t reproduced the hypertension caused by the ischaerma
of Goldblatt’s clamps (48). Renm is a protein, a psendo-globulin,
a proteolytic enzyme (49). It may be formed in the renal tubules,
near the alferent glomerular artery (50). It has been demonstrated -
in extracts from the ischemic kidney (51). The amount present
in the bload 15 roughly proportional to the rise in blood pressure
(52). It resembles pepsin, by which 1t can be replaced. A'pressor
substance can be formed by the action of: pepsin on renin
activator (53). Defore 1t can act as a pressor substance 1t must
be activated by a substrate, which 1s present in the plasma. The
substance with which renin reacts is a heat-labile, non-dialyzable
psendo-globulin which has been called “‘remn-activator™ (Page)
ar ‘“pre-ngiotonin®  {Goldblatt) or “hypertensinogen” or
“prehypertensin” (53)

It is formed in the liver and 1s present in the plasma as part of .-
a, globulin. Its formation depends on the secretion of adrenahin
(55), for it disappears from the blood when the suprarenals are
removed. The result of this enzyme reaction is a thermostable,
crystalline substance, a polypeptide, gngiofonin (36), or hyper-
tensin (Braun- M dez). The total t of angotonin formed
depends on the amount of the globulin substrate, for the quantity
of renin needed is quite small. There 1s an increased ‘nmou'nt ul"
prmngmm'ﬁ“ (prchypertcnsm) present in the blood in animals
experimental ischienme hypertension, and also 1n the blood

o diia]

with :
of patients with essential hyperte

-
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Acriox oF Actotosrs (HXPERTENSIN). The intray cnnuei
injection of angiotonin causes @ rise I l»\o«ﬂl.l’ms““ “;f‘""_‘:“
persons ; there is vasoconstriction and Dlanching of the skin (.:.l 9
The action is apparently a threet one on “‘f musele coats of ¢ he -

 arterioles (39}, On the isolated mammalian h,mft angotonin
causes constriction of the coronary arteries and diminution of the
diastolic volame, with increase in the oxygen conswmption and
in the amplitude of the beat (60). R
. "The effects of angiotonin on the Kidneys nte important. There
is & deorease in Ahe rate of the flow of blood through the hadneys
resulting from vasaconstriction 1 the renal arteriples.  If the
vasoconstriction predominates in the arteriole efferent from the
glomerulus the pressure 1 the glomerulus will sise {81).  The
. resuit 1s that the gl far filtration will not be d. The
conclusion is that efferent far ¢ iction predominates.
The effeets of the ntravenous injection of angwtotuin have bren
worked out on normal human bemngs. They are those of essential
frypertension. The systolic and diastolic pressures are raiser], with
an inerease m the pulse pressure, Thie renal blood flow is decreased,
but the rate of glomerular filtration 15 nnchanged, indwcating ,
sonstniction of the artenofe efierent from the glomernlus {62, 59).
Investigation of the renal function of hypertensive patients
shows that a similar state of affawrs 15 present in thems (63). Clamp-
g the renal artery n patients has eaused the release of renin,
thus provoking the renal lninoral pressor mechanism (64),
The vonclusion 15 that a nise m blood pressure develops

on a change w the blood flow n the kidney, beeause of the
formation of a i (b

tetor subst:

(hyy ]
by the reaction of an enzyme, retin, hberated from the hidney

%
st
on s > preangiotor hyp: }, formed in the
can ey most of the

y phenomena *
found w essential hypertension, but 2 has not yet been isolated
from the blood of patients wath thus dsense.” In fact. thera ic -
suggestion that aw-~ -+
the plasma ¢ !
of the hype i
ehdm%}p « o s atdller still awats. conclusis e :
{th.,\smvxry 10 ANGIOTONIN.  The question atises whether -
e Tay be an abnormal degree of sensitivity to angiotorin

Tiver, A
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(hypertensin)..  There is no experimental evidence to support
this (57), biit the possibility has not been excluded in hypertensive
patients. . This side of the question must not_be forgotten and
might play a part in pathogencsis. Nervous or endocrine causes
may facilitate thus action, or that of some similar substance (66)

EvmvuiNaTiox or AxcioToxiy. Goldblatt showed that when
onc hidney remained intaet the blood pressure in 1seh:zemic hyper-
tension tended to fall to normal. The inference was that the
healthy kidney was in some way responsible, for the pressure
rose again on its removal (67). Iixcretion of renin could not be
the reason, as the renal threshold for it was too ligh (68). More-
over, an uretero-venous fistula revealed no cxcretion of pressor
substance (69). It was found. however, that normal serum would
destroy angiotonn m vitro, and Braun-Menendez (70) has sug-
gested that an enzyme “hypertensinase” (Angiotonase) might be
responsible.  The renal cortex contamed more of this substance
than any other tissues, and removal of both kidneys 'caused its
disappearance from the blood. The conclusion 1s that a healthy
kidney provides the means for controlling the amount of the
pressor substances. As a cause for hypertension the possibility
remains of an increase in the pressor substance or & decrease in its
destroyer. The possibility. of angiotonase providing therapeutic
effects remams to be seen. That a deficiency of angiotonase might
cause hypertension 1s unlikely, It 1s present in the same amount
in hypertensive patients, normal persous, and even i patients
with Addison’s disease (71).

Tux MeTHop or PropuUcTioN oF RENAL PRESSOR SUBSTANCES.
1t would appear that 1t 1s not really the reduction in the actual
quantity of blood flowing through the kidney that lends to the
liberation of remn. A change in the character of the flow 1
probably the important pomt (72) The unportant change may
be a reduction mn the pulse pressure n the hadney. The actual
flow may not be much dummshed. The mam thmg is the fall in
filtration pressure 1 the glomerul.  The unportant pomnt may
be that there 1s change from a pulsatile flow to a eontinuous
flow (73). The bniliant work at the Nuflield Institute at QOxford
by Trueta and others has recently shown that the cxrrcurlntinn _of
the blood through the kidney can be
cortex. Here hes a possible cause of
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disersion of Blood 1s probably & natural fanetion upon \\Iuclf the
manifold chemical activities of the kiduey depend. l.ts mistise
may seb m action the pressure mechanisin of by pertension. This
humeral rause may be st first due to 1oy ervible ph)sinlognc{\l
dysfunction, perhaps of neurogenic originy later on there set in
irreversible pathologiest changes {75a). )

- Conclusions. The experimental work of the Jast tuelse years
has carried hnowledge a considerable step forward in the problem
" of essentiol hypertension, even 1f the final solution is still wanting.

The production of femn must have an object, 1f one takhes a
teleologcal view. It appears when it is necessary to “maintain the
head of pressure in thie glomeruls, upon which glomerular filtration
depends™ (74). This 15 a vital matter ; the hidneys are important
organs which yetelve onevquarter to one-third of the entrdue
output. It 15 noteworthy that hamorrhage leads to remn

production by reducing blood pressure (73) The release of the |

pressor reun leads to the formation of anpiotenin wluch further
causes vasoconstrietion in the renal arterioles, If the renal
4 15 ofiginally a 1 ary  henefi

mechanism, it may become hatmful, presumably from some such
wieious eirele, Ttis still obscure how the circle starts, The disea ery
of the dual cwelation in the kidney may prove to be the \om,;
sought key to this problem. The prospect of a further great
advance i the understanding of the pathogenesis of hiypestension
may well be unfoldmg.

UNatesar Revav Lestoss. A direct result of Goldblatt's

discovery 1 the recogrution of the possitie’role of unilateral renal
lcsml:)s n the eausation of hypertension, A variety of pathological
condittons have been described. Obstruction-of the main :cnn]
artery by atheroraatous plaques is not uncommon (36,77, 78, 70)
The question arises whether these were present before the prusun:-
rose, Sr whether they were rather the result of the hypertension
T Josis ;. py elonepk usuafly with hyd hrost umi
llumdeurs‘havc alsa been reported  In deciding whether upcr;tion
8 ;‘, \;;ao )lt;.’s :l:en f(l"(i“.l_?g points must \ye.cnhs\.d:md {30).
2 The tot
3 The ren

Xidney ' e function of the
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The presence of retinal lesions does not debar. Those cascs are
- probably.a good deal less common than was first supposed. The
diagnosis based on the pyelog is apt fo be fallacious (22). Some
writers are very sceptical of the association in clinical medicine
between unilateral renal lesions and lrypertension. This view 1s
shared by Homer Smith (81). There are many cases of such lesions
where no high pressure results. Surgical removal of the suspected
kidney may not relieve the hypertension. Some cases reported
have not been followed long enough (82). An interesting observa-
tion has been made that after operation there may be an improve-
ment in the function of the rematning kidney ; for it has been
possible to demonstrate an increase in the flow of blood and an
increase i the filtration rate (83).

There are, however, a number of well authenticated suceessful
cases on record where umlateral nephrectomy has cured. Even
when the hypertension has reached o malignant phase operation -
may meet with success (83), Unfortunately, the great majority
,of hypertensives do not fall into this category. High blood
pressure was not found more frequently in a series of patients
with surgical disease of the kidneys than in a comparable scries
without 1t (22). Rare though the reported instances may be, the”
possibility is worth bearing m mund when a severe degree of
hypertension 1s found unexpectedly n a young person who has
no evidence of nephritis. It 1s well worth while to carry out an
intravenous pyelography n all younger patients, particularly

"when there 15 any history of renal or urmary symptoms, and
when there 15 no record of hypertension in the family, If need
be, retrograde pyelography can then be done (85a). The risk of
failure largely depends on whether the remaiming kidney has
developed the arterolar lesions consequent on prolonged hyper-
tension.

Hmmeodynamics of Hypertension. Tihe rise in pressure
charactenistic of essential hypertension affects the diastolic, and to
a still greater degree the systolie, so that the pulse pressure is

increased. . .
Meenanisy. Fhere 1s no increase 1n the viscosity of the blood

in hypertension, nor is there any increase in the output of the
heart. Modern methods with cardine catheterisation and the
ballistocardiograph have confirmed tius (22). Fhminating these

‘ N i
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eanses, the thisd remelos 3 increase of peripheral resistance, The
increase in peripheral resistance i gvm-ml'thmugl‘lout the nrt.rrml
sy stems (85), and sppears to be due to increase in the lu’!cmz'h\r
tone (86). Study of the pressure prodients shows Ahat the resist-
anee 1 in the smatier axterioles (87} 1t has been shown that there
is an smerease in the tesistance of the dymtal srterics, while the
flus sl remains novaal, as a result of the raised pressute (85).
There 15 no gnidence that pathologieal changes in the nrterial
system occur early enough to be the eause of inctensed resistance.
“The can be eliminated, Vasodilat can he
induced by heat and reactive hyperaruia (89). Pyrogenic agents
can Testore the blood flow to narmal in hypertensive Kidneys, and
cause the Blood pressure 1o fall and the peripheral resistance to
decrease (63} ‘The vasomotor renctions show that the ncryves are
active, but the response is no more than 15 met wath tn normal
people. Nerve block and sympathetie block give ne greater

increase m flow 1 hypertension. The excessive yasen’ar tone is '

presumably due to a4 humaral and nat to a nervous cause. .
Taz Purse Pressure. The rased diastolic pressure is due to
\the high peripheral resistance. The excessive height of the systolic
pressure, mving a high pulse pressure, may be due to changes
either in the elastic arteries, with some degree of contraction of

the larger arteries {90}, or to a change 1n the distepsibility of the ’

aorta resulting from the hugh diastolic pressure (91),
The cardiac output remains unchanged, but the beat increases
m force

There 15 ho change 1 the cerebral blood flow {92).
Rexar Arreriones

question of the degree and site of the vasoconstriction of the renal
:Encnoles and 1t eflects on glomerular and tubalat function.
“\::stt::;;x;:\n (?f ;,h: arterioles atferent to the glonterulus will reduce
e tta “‘m\ ‘l mug‘h ke hidney, thereby reducing the fitration

The u%hmai g Dﬂ“e\e:\x us and the excretory function of the tubule,

Theu blonae ¢ e: 1s a balance hetween the temiency of the level

e o prcsure to wesease the fow and the constriction to

o . . onstrietion of the arteriole efferent from the.
ﬂltratlﬁn.xbt:t‘it ‘Y‘:ﬁ:t\rt\}t:[:;omcmlar pressure and 50 increasc

and dimiush tubnlar akcre!?;;.“mlet‘:f\r‘::::th !p:‘.‘\:):}:ivl:s::m::c

Much attention has been paid to the
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dominates glomerular pressure falls; if efferent, then it rises.
Both reduce total flow. Goldring and others (63) have vestigated
the renal hemodynamices in hypertensive patients, analysing the
glomerular and tubular functions by mulm and diodrast. They
have found that carly in the disease there 1s a decrease m the
effective renal blood flew. Thus is due to increase in the tone
of the arterioles efferent from the glomeruh,  The mereased
ciferent tone can be climinated by fever and by vasodilatators,
Increase in afferent glomerular arteriolar tone might, 1t 1s true, hnvc.
the same effect, but 1t has not been demonstrated at this stage.
Larly w the disease the filtration fraction (that 1s to say the
quantity of plasmua filtered at the glomerulus 1n relation te the
total renal plasma flow) 1s found to be increased, as shown by
mulin clearance. A nise m the glomerular pressure would tend to
merease the actual amount of plasma filtered; tlns would be’
certainly due to an increase in the efferent arteriolar tone; since
it is found that, despite the decrease n flow, the actual amount of
filtration remains within normal hnuts. incresse 1n efferent
arteriolar tone must surely be present. Tlus merease m tonus 1s
part of the gencralised vasoconstriction. There ig, early in thes
disease, a tendency to a decrease m the fuuctional exeretory
capacity of the tubules, as shown by diodrast excretion. It seems
likely that this s due to ischieima resulting from constriction in the
efferent arteriole of the glomerulus. Denervation docs not abolish
the inerensed arteriolar tone. It must be humoral in ongm. Angio-
tomm can produce the same effeet. The pressor vasoconstrictor
substance in hypertension still awats 1dentification (22). Never-
theless the schemie state of the tubule may set m motion the
renin-angiotomn mechamsm ; but how does 1t start ? Page and
Corcoran (1) stress the possibility of a neurogenie cause which
may operate m the carliest phases At this stage the pressure is
vanable, manfestly from nervous mflucnces They suggest that

these cause general vasocoustriction, mcludmng the alferent

glomerular arterioles. The balance between the rise i pressure
and the vasoconstriction at this pomt will leave the function of
the nephron, glomerular filtration and tubular excretion unaffected,
The “constriction of the afferent artcriole at finst protects the
glomerulus from the raised pressure. If n some of the rennl bed
afferent vasoconstriction predomnated, <o that the renal flow fell,
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or the constriction tended to lower the intrarenal pube (‘““:‘“‘»
- then the hurnoral mechanism might be sct 1 action (_. t?. There
would then be efferent glomerutar arterolar vonstriction n? a
vesult, with further aggravation of its eause, To have s clgcm\c:ﬂl
regulator acting over a long period of tie must be smportant in
the control of such an important otgan as the hidney. Tt sy tempt-
.ng to suppose that in cssential hypertension we have a normal
mechansm Rhich has in sowe way become perverted.

The dual cireulation in the kidney as demonstrated by Trueta
and others may play a part. The nature of the early chianges in
the circulation within the kidney is still uncertain, hut the solution
seesns Iikely to be found here.

Pathological Changes. That these are the result and not the
primary cavse of essential hypertension is now generally agreed,
As a result of ncreased tonus tlie museular coats of the arterioles
throughout the body hypertrophy. The internal elastic lamina
beromes mulbphied many times; the intima shows hyperplaaa

" which may become the site of slower hyaline or more acute fntty
necrosis. The distribution of these changes in the various organs
varies, The skin is refatively immune, and 5014 the gastrointestinal
tract, themuscles are variable ; the heartis alfected oceasionnlly ;
the kidneys are alfeeted always; the spleen i ahout two-thirds
and the hver in about a third (93). The relative proportion in

# which media or mtima may be allected varies in diifcrent organs
and in individual organs (94), The mtimal proliferation and
degeneration is seen at 1ts severest in the kidney The obliteratise
effect 15 of the greatest importance, particularly as it affects majnly
the ioles afferent to the gl lus, Lesions similar 1o these
have been widely produced as a result of experimental hy per.

tension (95).

Cravors v Dooieinoit Ovoans. The Heart. . The muscle
fibres of the Jeft ventricle undergo hypertrophy. The bulk of the
heart 15 greatly increased. In the early phases there is typieal
concentrie }Typcrtraphy 3 later the chamber dilates, The septum
may bulge into the nght ventnicle and interfere with 1t filling,
(Bernheim’s syndrome.) {p, 132}, v

Dulgtation of the right ventricle con i

3 i mes in the later phases,
Degu\u:n\ve‘ changes in the myocardium are relatively shight in
many cases if .the coronary arteries have escaped athe:

Tomatous
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obliteration and the arterioles intimal hyperplasia, as they may

“do in 40 per cent of cases(96). They may be absent even when

heart failure has resulted. Sometimes,coagulative necrosis of the

+ myaoceardial fibres, fatty degeneration and new fibrous tissue are

seen, which are perhaps due to anoxmemia (87). It has been
suggested that the thickened fibres are too large for the efficient
diffusion of oxygen through them and so they fail to meet the extra
demands made upon them, Actually therc is a relative shortage
of capillaries per unit of area, But the very large, thick fibres have -
scalloped edges, giving an mcrease of the surface through whick
oxygen may diffuse.  The work done depends on the diastolic
length of the fibres; hypertrophy of the fibres does not continue
to mncrease indefimtely as a response to diastalic stretching ; when
this stretching (dilatation) ceases to be a stimulus to hypertrophy

and ability for more work, it 1s harmful. Although the coronary .

arteries may hypertrophy to a certain extent, they often fail to
supply blood adequately to these large ventricles, even when they -
arc frec from atheroma  The development of thus particular
limitation 1n the blood supplv at once 1ntroduces baleful effects.
It iv probably more common mn hypertensive patients than in
normal persons.  Apart from preapitating failure, 1t leads to

* anginn peetoris, which may be provoked more easily m these

Jarge hearts with Ingh demands. by a lesser degree of ntheromatous

* obliteration (98).

The Kidneys. The mitial findings are obliterative processes in
the arteroles, particularly those afferent to the glomeruli, and
hypertrophy of their muscular coats. The obliterative process
varies 1 rate and intensity and the histologieal findings are in
accord. The rapad proeess 1s more cellular and hable to acute
degeneration and necrosts ;. the slower 15 more hyaline, with more
phases of successive proliferation of the elastica. The glomeruli
whose hlood supply 1s interfered with degenerate and become
hvaline and fuse with their capsules. The tubules atrophy and
‘d;sappenr. Fibrosis marks their end. The distribution of the
changes 1s patchy : some nephrons are stil intact and may
be hypertrophied.  Perhaps the distribution of thesc final
lesions might suggest the point put forward clcewhcm: as to the
possible “patchy™ incidence of physiological dysfunction at the

onset.
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Ultumately the renal blood flow: may become greatly dimundshed,
s that the glomerulas flteation and tubular excretion are far
below normal, Urea retention matks the final stages of hrenk-
down. All these changes come relatively late and are found of
course 1n the post-mortem room. Renal iopsy in the operating
Ynentre, on the other havd, hos <hown that in about half the
patients submutted to sympathectomy the kidney s were practically
normal (99).

Tne Viciovs CirciE. Although itis clear that the early phases
of essenuial hypertension are w the nature of a physiclogical
derangement, or perhaps the aberration of a normal proeess. the
cause of which 15 as yet unknown, the persistently high levels of
the bivod pressurc produce pathological changes in the arteriolar '
system as a whole, and m that of the hudneys m particular.
Wikon and Bytom (33) have produced lesions in the rcnal
atterioles of rats by inducing sehamie hy pertension, The hyper-
tension persists after remosing the clamps. The lesions closely
resemble those found in essential hiypertension, The blood flow
through these arterioles must be reduced, The hypertension would
thus produce vascular lesions which would cause renal ischxmia
and so further aggravate the hypertension. A vicious circle is thus
set up  Some such process as this may undenic the chronic and

d course of established hyp tnd chronic Boght's
discase as well ; and may well be responsible for the development
and course of malignant hypertension 1 which rena) lesions
dormmate the picture, and vltimately determine the fatal end.
But there may be ather factors, for the reman tontent of the blood
m 1schzmie hypeytension may become normal after & time (100).

Perhaps local increase of sensitivencss may render the action
excessive

Clinical Features. A Prunveemressive Piyasg, The concept
that 4 prehypertensive phase may exast has attracted a good deal
of discussion. It has alnays been a question whether the transient
TISES 3n pressute seen from time ta tume are indications of & per-
fmanent iherease Jater on. The mtvoduction of the cold pr. pwr
test of Hines and Brown was suppased to throw p‘ts.
these tendencies  Unfortun o it o0

ately the results of this test
too erratie to provide definite wiheation, ot moroe

No doubt nervou:
reaction 13 the important factor, to suely’ varying stimul‘:unz
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excitement, fear, pain, cold and so forth. The basis here is neuro-
genic. It is well known that-the level of the blood pressure is very
variable at first in persons who ultimately develop true hyper-

7 tension.  Whether a true prehypertensive phase can as yet be
differentiated from a labile blood pressure due to rtervous influences
is doubtful. The physieal habitus, family history, and tempera-
meént may give some guidance. But we eannot for certain dstin-
guish physiological instability of the blood pressure in persons who
will not in the future develop hyperténsion, from those reactions
m persons who may have a tendency to react abnormally to some
unknown factor, and who ate lable to develop pathological
changes in the arteriolar system later on as a result. One
investigation (13) showed that nearly three-quarters of persons
with transient rises of both pressures developed a permanently
raised pressure later.

Courst. or TiE Distase. The course of the disease varies
enormously in its rate and degree of severity from patient to
patient. In order-to appreciate the phases through which it passes
it is convenient to define three not very distinet stages which
merge 1mperceptibly one into another.

The First Stage. In the early phases there are really no
symptoms. The high pressure 1s often discovered by chance. The
pressure is variable, tending to fall to normal levels at first, and
during slecp. There are no abnormal signs. This may be regarded
as the first phase.

Second Stage.  The Cardiovascular System Reacts.  'The first
gradyally passes mnto the sccond phase. There 1s now definite
hypertroplue thickening of the middle coats of the palpable
arteries so that they assume the well-known “wlipcord”
character, The retinal arterioles show shght vartation m ealibre,
with increase in light reflex.

., There is an increase in the loudness of the aortic second sound,
and perhaps of the mitral first sound. The apex beat may be
slightly increased m force. The skingram may as yet show no
definite enlargement of the left ventricle. This first becomes
manifest in an increase 1 the fulness of the upper part of its curve
seen from the front so that it shows a rounded horder \.vnh somc
degree of prolongation. Fnlargement is also scen early in the left
anterior oblique position. The electrocardiogram is normal in the
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Longstanding Hy pertension,

Note appearance of enlarged left ventricle.
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standard leads, but chest leads may show changes cl\rhcr.. The
pressure 15 still variable, but definitely and pem\uncmlynlughsr.
Ihe readimgs are from 199 to 17¢ systolie snd 103 1o 115 diastolic, )
The urine is notmal, There are still no definite symptoms. The
patent plains of vague headache, throbt in henrt or
arteries, piddiness at times, But such symptoms are often fD\?n.d
with normal pressurcs, and many have no symptoms at ul}. This
phase corresponds to group 2 of Wagener and
Reith (301)  The five ) ear mortality is 20 per
cent. .

Third Stage. The Cardrocascular System Wears
Out Tngroup 3 these nuthors place patients
wth'definite retinopathy, The five year mort-
ality 15 80 per cent. The heart becomes enlarged
2ad the aorta “unfolds,” showing elongation,
and elevation, with prominence of the “knuckle,”
Albuminuria may be present. The electrocardio-
gram shows left axis deviation, Ophthalmoscopie

changes aré important, for the retinal arterioles
are the only ones lable for il
(Plate 19)

Rerrvat Ciaxcrs,  These are important snd
may he graded thus, Fist comes irregularity
in calbre; then increase in the hght refles.
Later compression of the vems where the arter-
1wles cross them, mereasing i degree,  Then
thin narrow arterioles often in a state of spasm.
After this ave seen hxmorrhages, and sharp
white areas of exudate.

Gross hypertensive retmopathy i marked by

afmost bloodless vessels, soft arcas of <edema,
hemorrhage and finall

n ¥, most serious of al,

papitiadema, . From a woman pf
ELEcTROCARDIOGRAPIIC CHANGES, When % Wih hvperten-

the left ventricle enlarges, the heart comes e

to lie more obliquelv. This couses deviatio F: i
. s n of th )

axis to the left, as shown by a hugh R in lead I, :uél‘:f :;::l
?-:;m-e wm ‘eat; 114, the former being more than F12 mm. and ‘the
atter more than - e of
:rw T than -5 mm, (Barnes), As the degree of left axis
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deviation inereases, the S-wave in lead I becornes deep

2 of Darnes) (102) (Fig. 23).

Minor grades of left axis deviation are found in norn
which are Jymg transversely owing to a high left don

diaphragm.

Since left axis deviation is essentially di

increased obliquity of the heart, 1t will not be shown n th

Fic 24

Cune of left
ventricular
enlargement,

changes may

where, for any reason, the heart lies more 1
than normal. The most common ecause fi
a secondary right ventricular hypertroph;
the inercase in pulmonary pressure when
ventricle weakens, or to the advent of 1
fibrillabion, Other less important causes ar
bronchitis and emphysema with a Jow dia
or a long narrow chest.  In these cases, pr
leads are needed.

Prrcorpial Leaps,  Left ventricular g
crance, or hypertrophy, 1s shown in the p
leads by dimmnutive R-waves and deep ¢
usually exceeding 12 mm. 1n the leads to t
of the precordium (V1 and V2), as well as
R-waves to the left of the precordium (V5:
The transitional pont, where the R- and
are approximately equal, shifts to the left.
changes are independent of the position
lieart, and so are unaffected by any nccom
nght ventrcular hypertrophy. Multiple pr
leads furnish a much more accurate pic
left ventricular hypertrophv than the hmt

Invertep T-wavps, Later changes
negativity of the T-wave (Fig. 21). This
in lead 1, and V4. V5 and V6 (sec Fig. 8
advanced cases the negative T-wave mav
Jead 11, and the RS.T junction 1s depresser
conception of “ventricular stram” has
forward lately, one reason bemng that *
regress after sympathectomy This ot

- a physiological as well as an anatomucal cause. T, neg
is said to be associated with left ventricular stn
e of thie pattern. T, negativity may show more



T FINAL PHASES - i)
stram A rertam nimber of eases do not show }hc expcft;‘l
pattern. One cause may be parallel chianges alteeting the r-\g.\\
ventnicle.  Cases of Bernheim's syndrome way not show \l:.
Tobh and Nobb {103) thmk that these patteens of left N entrie
cular steam are due to faulty col')ducﬁon from stretching of
the sinospsnal and butbospinal muscle bundles, As enlargement

progresses there 1s shght profongation of QRS. Finally the QRS

Inay show lower voltage as well as shurring, Teft bundle 'lmmcl\
block 15 Mot wncommon it liypertension.  Recent stuches (108)

(Baans. et af) suggest that T-wave changes are due to a combina.

tion of causes, hypertrophy with 1schamia, dilatation, increased
work and Tuetabolismi; and perhaps also rotation of the heart on
sts longituding) and $ransverse aves

The cause of inversion of Ty is still o inatter of doubt. While
these authors found 1t n n considerable proportion of heatts

of normal size, another observer (105) found invariable
enjargement
There seems ta be some between ophthal i

changes and electracardiographic abnormalities (106). They seem
to tun fairly parallel in the degree i which they may be present.
It must be remembered that sooner or later disease tn the coronary
arteries may cause changes w the curve; W any ease there may
be degenerative changes 1 the myocardwm At present so
many factors are mvolved, 1t 15 not possible to mve clear-cut
conclusions,

Final Phases, The cnd of hypertensive patients tends to be
failure of the left ventricle n about 60 per cent of cases, cerchral
catasttaphie w some 15 per cent, and renal falore m rather under
10 per cent {22).

Lert Vevesscotan Fanunr  The phenomena are those of
failure from any leston by which the Jeft sude of the heast 15 over-
loaded  Dyspnea on exertion gradually progresses in intenwity
and 15 followed by attacks of hreathlessmess nt rest, usually
E?ctl’:xcﬂ\[:he'\‘h; senous igns are gallop thythm and alternation

uring paroxysms of cardiae asthma, o vstoli
pressute often rises. but as - the systolie

the heart weakens the ayytol
Yo fatl. with dsmunution of the pubse press il teuds

are. In the
the pulmanary eweulation bears the brunf carly phases

t. The rate of the ciren-
tation through the Jungs ¢ slowed. Cangestion of the m.x.,,mf."
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veins can bc seen on scrccnmg, and the pulmonary second sound
increases in'loudness,

Bernheim’s Syndmmz (1910) Oecasmnall) the signs of venous

* and hepatic engorgement with cedema set in early with insignifieant
dyspneea, the lungs remaining clear. The suggestion was that the
interventricnlar septum, bulging into the cavity of the right
ventricle, which is small, interfered with its filling. The hypothesis
seems to be correct, It is curtous that in these cases there may be
absence of left axis devintion, although there is no enlargerent of
the right ventricle to neutralise it (107). The early onset of signs of
right ventricular failure in a case of hypertension, or any other
condition affecting the left ventricle, with relativefy clear pul-
monary field suggests the syndrome (107a).

THE Brarx. Cerebral symptoms are indefinife in the early
phases. As the diseasc progresses some patients complain:of
_ headache, vertigo. and loss of mental capacity, but many have
none. Fmally may come cerebral thrombosis or hzmorrhage.
The final catastrophe 15 often preceded by transient vasomotor
disturbance.

Hypertensite Encephalopathy. A great vanety of symptoms are
noted. There may be severe headaches, intense at times, nausea
and vomiting; transtent bhindness and paraesthesin about the

“ body ; motor disturbance such as aphasia and parests ; or, most
dramatically, severe epileptiform cenvulsions. 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 (3) and the pressure of
the cerebrospinal fluid 1s abnormally Iugh (108). The local cause
is cerebral angospasm, which »s part of the general vasocon-
striction. Sooner or later the permanent damage of hiemorrhage
ar thromhosis almost mvanably follows these transient disturb-

't gnees, but the mterval 1s sometimes surprisingly Jong.

Srrciat Foarenres. In a disease with such widespread cffects
special poiuts arise mn the climcal aspeets.

Coronary «rtery Disease. The assoctation of coronary disease
and consequent myocardial infaretion is not uncommon in hyper-
tensives. There is no doubt that these patients are more prone to
torts due to a minor degrec of coronary sclerosis, There

anging pec
d to a higher

is also a t

. v

‘ of coronary artery disease *
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\n hypertensives (06} TRupture of the beart "P‘P?;"“*l ‘;: "‘Q ?::"lz
kely in mioderate hypertension, ® fen the wall of the left ven! ¢
“is not much thickened (109). ,\pn:tA from this, the sulﬁequ?n
blood pressure in cases of hiypeftension after coronary ocelusion
has nio mfluence on the longevity, or on the occurrence, duration
and seventy of farture (110). . .
rTrat StENosis. Tt seems incongruous to find mitral stenosis
and hypertension together, The course of m,iun\ stenosis is 5o of}cn‘
un before the age 1s reached at which that of hy pertension ly(:gl ng.
They are both more ‘common in women. Possibly “there is no
association between them, and there is no eflect of hypertension
on witral stenosis, or vice versa (111).

Tne KinNevs. As has been noted, biopsy of the kidneys in
hypertension may shew little pathalogical change until late in
the distase A trace of albumen, with » tendency to low speeific
gravity and nocturia is all that one meets with in many cases.
“The decline 0 renal function, as estimated by the exerction of

° wurea and sodwrr chlonde, in hypertensne patients is thrice
that of normal persons as age advances (112}, In some elderly
patients a gradual uramia comes on, sometimes precipitated hy
~ heart fatlure. B

Malignant Hypertension. In patients between thutty-tive
and fifty five a grave and steadily progressive renal failure may
come on with fatal results  Males are more commonly affected
than feragles (118}, As vegards the pothology, it seems Tikely

that the dxffercncg between this syndrome and bemgn by per-
tension Mes in the degree of severty and the ropidity of the
develapment of the lesions in the kidneys. The high pressure
causes acute necrosis of the subintinal tissues of the afferent
glomerular artenioles, ' 1t s curious that 1n some cases renal fune-
tans are apparently not impared at first (111)  Albuminuria s
'I‘:;;ul:\::li\f:‘:::i early ((ill].'.). Some authurj*ho\\ ever, stress eagly
of Caldbatt (16) bas suggrored thes the necieay el work
of the artemoles i ::ggvs Ie that the typical necrotic lesions
imsufficwenicy. These duso evelop untal 'there was renal excretory
diagooss i made, U repancies may depend on how early the ,
~ Usually the diastolic
high.  Papidloedema 15 the

pressure 15 excessively
When the patient has,

most constant easly finding {Edhs),
been under observation prior to these
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de\'clopments nt. becomes clear that the whole course of the diseast
has altered, and suddenly and rapidly changed for the worsé.
Headache becomes intense; severe abdominal pains are not
uncoimon. Cases seen at first in the malignant phase may be
hard to differentiate .from chronic nephritis. It would appear
that in these patients there is n peeuliar susceptibility of the
endothelium of the renal arterioles to high pressure, so that
renal insufficiency rapidly develops, and the vicious circle of
Byrom* and” Wilson 15 soon established, with the progressive
intensity of a spiral. The prognosis 1s almost invariably bad.
‘Most patients die within a year of diagnosis and some within'a
few weeks.

Prognosis. Apart from these cases of malignant type where
the picture of renal failure comes on fast, the outlook for most
patients with hypertension is relatively good. In a disease which
passes through such varying stages over so long a period of time it
is very difficult to be precise. Although naturally the raised blood
pressure is the central point, it 1s 1n many ways the Ieast important;

. for it is upon the associated points, in particular the way n which

the cardiovaseular system stands up to 1t, that the prognosis is
based. Women appear to talerate hypertension better than men.

“The physical type and fammly history may suggest a favourable

or unfavourable outlook. The habits, mode of life and tempera-
ment may be for good or bad. .
In most patients the disease will run 1ts course, but the stage
in its progress at which it 1s discovered, and the tempo of advance
is vamable from patient to patient. It 1s necessary to assess how
far the disease das advanced and how fast it 1s advancing in

. order to gauge how far 1t has to go. Appearing early m life the

course may be more rapid. In people over fifty-five the expectation
of life may be httle less than the normal so benign is the course.
Once heart failure has come on, two years s usually the hmit, but
there are many exceptions. Rarcly the blood pressure falls to a
much lower level as age advances ; the disease seems to die out.’
Cerebral vasomotor disturbances indicate the liability to hxmorr-
hage, but it may be remote and not inevitable, as in the case of
Dr. Samuel Johnson. Estimation of the capillary fragility with
the sphyg ter bag (Rumpel-Leedes test) may be a mude
to the hability to heemorrhage (117). But the petechix so pro-
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duced may he due to other causes, such as defictency in Vitamin €
{ascothic acid)

High Blood Pressure in Certaln other States. In addition

o essential by pertension it will be worth \\\{\\9 to c(m}\dc’r certain
other conditions 1n shiieh tugh blood pressitre is conspieuous.
CosrcrATION OF THE AorTa, Formerly it was supposed that the
“Wood flow distal to the obstruction was notmal. The high pressure
provimal to 1t was thought to be, in a sense, compensatory.
Actually the dastolic pressure in the femoral artery has been
shown by direct estimation to be as tugh or ligher than that in
the arm (118). Exanunation of the renal funetion shows that the
renal fiow 15 reduced, while the glorerular filteation rate is normal,
- This finding suggests constriction of the efferent arteriole from
the glomerulus {119] Thus the possibility of a humorai factor
anses, althaugh Pickening {86) showed that chinunation of the
nervous contral allowed the Blaod-flow n the siur of the hand to
return to normal It 1s clear that inore formation is needed here,
whuch, perhaps. observations hefore and after surgienl opcration
may supply.
The systohe hypertension of the old 15 due to aortic sclerosts ;
that of sortic to ased output, polycythemin

may sometimes account for raised pressure through rassed viseosity;
1t 1s by no means a constant assocsation,

Eapacrese DisorbERS  The most conspieucuts sre tumours of
the supravenal bodues , these may be medullary, the phaochromo-

cylomas or paraganghomas ‘These tumours scetete an excess of
adrenatin (120)

The peculiar symptoms are at first attacks of
malaise. fegr, palp of ]
headache, tremor, véry profusc sweatimg, nausea and \'omxtm-rami
salnation These disturbances may be nocturnal {121y Heat N
Wl tolerated  The B M.R. may e comsiderably raised {122
Jnvestigation of the biood flow 10 the skin has shasn :l\m\mn'\m;
as aTesult of vasoconstriction due to adrenalin. The rectal temper-
Rtare w proportionately a httle raised (123), The blood pressure
rses suddenly to very Ingh Jevels, Retween the attacks 1t may be
normal Bending the trunk may precipitate an attack or pa\p:;\'mn
(;f t)he sbdomen  Later the pressure tends 1o he set permanently
c;g x‘., IZeach Ay oceur from aeute failure of the keft v entricle o
rebral hamorrhage or an intense encephialopathy  The attacls
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. deVelopments it becomes clear that the whole vourse of the discase
has altered, and suddenly and rapidly changed for the worse.
Hendnche becomes intense; sovere abdonunal pains are not
uncommon, Cases scen at first in the malignant phase may be

- hard to differentiate .from chronic nephritis. It would appear
that in these patients there is & pecubar suseeptibility of the
endothelium of the renal arterioles to high pressure, so that
renal insufficiency rapidly devclops, and the vicious circle of
Byrom and” Wilsorn is soon established, with the progressive
intensity of a spiral. The prognosis 1s almost mvariably bad.
Most patients die within a year of diagnosis and some within a,
few wecks.

Prognosis. Apart from these cases of mahgnant type where
the picture of renal failure comes on fast, the outlook for most
patients with hypertension is relatively good. In a disease which
passes through such varying stages over so long n period of time it
is very difficult to be precise. Although naturally the rased blood
pressure is the central point, 1t 1s in many ways the least important;
for1t is upon the associated points, i particular the way in which
the cardiovaseular system stands up to it, that the prognosis is
based. Women appear to tolerate hypertension better than men.

“The physical type and fammly history niay suggest a favourable
or unfavourable outlook. The halits, mode of life and tempera-
ment may be for good or bad. .

In most patients the discase will run its course, but the stage
in its progress at whuch it 1s discovered, and the tempo of advance
is variable from patient to patient. It 1s necessary to assess how
far the disease ‘has agdvanced and how fast 1t i1s advancing in |,
,order to gauge how far it has to go. Appearng carly in hfe the
course may be more rapid. In people over fifty-five the expectation
of life may be little less than the normal so bemign is the course, -
Once heart failure has come on, two years is usually the hmut, but R
there are many exceptions. Rarely the blood pressure falls to a
much lower level as age advances ; the disease scems to die out.’
Cerebral vasomotor disturbances mdicate the Liability to hamorr-
hage, but it may be remote and not inevitable, as m t!lc case of
Dr. Samuel Johnson, Estimation of the eapillary fragility w;th

the sphygmomanometer bag (Rumpel-Lecdes test) may be a guide
to the liability to hemorrhage (117). But the petecture so pro-
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who' nlx‘cady has essential hypertension, her P"’“P“"‘ are ““"
tmpaired by the pregnancy. Actuslly "‘f"e 15 “‘g‘ft temporary
ynerease in renal blood flow. The acute specific toxania is of course -
excluded.  Antecedlent hyperiension 13 not prone to provoke
it {130). -

Hypertension in Acute Nephritis, Pickenng {131} bias shown
that removal of the vasomotor control improved the flow of blood
in the hand. This 1 in favour of a nerious vasoconstrictr otgin,
and not a humoral for the hypertension. Qbservations on vellex
vasodilatation d by heat eluninati have supported this
ides (132).

In chronic nephntis there is vasoconstriction which eannot be
climinated by removal of the nervous vasomotor control (86).
‘The difference between the casual and the basal pressures is less
than 1 essential hypertension. The vessels are in fact less reactive
to vasomotor impulses (133). The renal h.emodynamies are
simdar to those of the later stages of essential hiypertension. The
humoral mect is predomi ‘The progressive cb
af the disease 15 nided by the vicious circle of Byrom and Wilson,
The importance of the level of the blood pressure ns an mdication
of the course the disease s taking has been noted (118).

The later stages of hypertension with renal involtement way
be bard to dstingish from chronic Bright's disease, unless the
cases have been seen early. The relatively late appearance of
papilledema sn nephntis 15 1mportant (115), Usually there
)s more profuse alburnmuria and rather a lower blood pressure *
and less cardie wnvolvement, The end ss uremia, but more
snmdious than the rapd course of mali

gnant by i
ropedy g hy pcrtcnskzn
The hypertension of paly eystre discase of the hidneys is 1

Y s is probably
staular to that of clwome Bright's discase, . . ;
Teantaenne bt .
- t tlxc{c
nat \ '
* psychologieal

1Lvened trom devel e

oo e rom developing a “pressurepholia,
Too much attention to the hi ; o

load pre: ¢

" , pressure séts up o hogey worse
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may continue for years. The level of the potassium in the blood
- may be raised ; sugar and albumen may be found n the urine.

The differential diagnosis from neurogenic crises of hypertension

may be difficult. Attention to the history should arouse suspicions,

on which' the tumour must be sought for. If it is found, an
-exploratory Iaparatomy will be needed, for removal will cure.
+ Adrenahn should be given after operation (124).

Cortical Suprarenal Tumours, adenomnas or carcinomas slso are
associated with high blood pressure, together with changes in the
sexual organs and sccondgry sexual characteristics. The mechanism
of the hypertension m these cases is obscure, for there is no
hyperadrenalinemia "

Pituitary Tumours. High blood pressure has been associated i

with the basophil adenoma of Cushing’s syndrome, How far this
tumour 15 directly responsible 15 doubtful; 1t seems hkely that
associated suprarenal lesions are the more important. A curious
case of hypertension, hyperchromic anxmma and achlorhydria

* suggested overaction of the posterior part of the pitwitary gland
{125). Page (126} has described a diencephalic syndrome marked
by labile hypertension, cutaneons vasomotor disturbances and
lachrymation, with mnerease i heart rate, The basal metabalic
rate is rmsed but partial thy roidectomy does not benefit. Women
are chiefly affected. The name has been gnen because the
symptoms are reproduced by diffuse stimulation of the diens
cephalon.

Precxaxcy axp Hyrcrrexsion. Essential hy pertension may
occur early enough to be compheated by pregnancy, and there may
have been antecedent nephritis. Apart from these types, hyper-
tension may anse directly as a result of pregnancy. It tends to

. appear in the last three months. There may be albumnuria and

~ cedema. The cffective renal blood flow 1s normal, but the filtration

s rate is lowered (127). The lesion is presumably glomerular ; this

+ would account for the albuminura: if tlus 15 profuse enough
o hypoprotcim!‘miﬂ may result, and add another cause for lh.c
oedema in addition to the salt retention, The hypertension is

' possibly of renal ongin (128). On the termination of pregnancy

“ the symptoms usually clear up; but in about a quarter of the
cases permanent high blood pressure, sinular to essential hyper-
may persist (129)" If pregnancy occurs m a woman

tension,
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Towie effects are not UNCOMMON. ,Fatgue, headache m\.d vertigo
and mental confusion may oceur, and nausea and vomiting (1 ‘.‘)"
Skin rashes, jaundice, ahd fatalties have been reported, cven
when the level in the Hlood has been kept \m‘(\tr obsery ation,
Goitre veeasionally develops. The tatie dose is yery near the
therapeutie  Elderly patients may become anmic ar}d \\asl.e(\
(142) (143), When the drug is withbeld the pressure rises again,
Contra-indications are old age, arterinsclerasis and renal lesions,
Sex ere and intractable headache scems to be the most important
indication for its use. The symptomatic telief nay surpass the
£\ in Wood pressure {135).
In the treatment of a permanent disorder, stich rs hy pertension;
1t 15 clear that the drug would bave to be used indefinitely. 1t
is Irkely that the necessity of frequent estimations of the tyamde
Tevel in the blood and the danger of toxic reaction, even with I‘gll
_precautions, make the remedy of little real practical yalue in
ireating hypertension n the long run.
Orrer Dregs, Apart from the thioeyanates, the large number
ded 1s only an indication of their ineflectiveness. In
ambulant cases {113) the elfects of most preparations that have
raore or less nell-established reputation have heen stodied. None
of them, under cnitical coutrol, proved to be of more value than a
placebo in reducing pressure. Similar ebservations on a number
of drugs gave equally dsappotnting results {116). More scepticism
15 needed 1n the routine preseniption of alleged hypotensis e drugs,
and more attention to the things that matter. Some of the seda-
trves gave symptomatic relief. Where nervous tension, restiessness
and insomiua are a source of trouble there 1s a scope for the
‘barbiturates and bromde. During an acute phase of hypertension
. the elfect of rest 1s enhanced by them, and it 15 pssible that full
doses of the mtntes may help for the moment.
. Srecial Sywrross.  Apart from those gnen above,
intractable headache may be difficult to releve. Venesection s
t:frxe!lmes elh):cm'c n:xd also Xu{nb:\r puncture; intravenous
1.55"??2“{" sulphaie, 2 grommes in 5 30 per cont solution may
For acute encephalopathy, shen ccdema 9
suspected, careful remow‘lll of a kttle c‘rrcb(:zs';};n;“g\‘:dl?:} r‘; y
cated, as-well as the measures given above, ndir
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than the disease. Most important are various modifications in
Iife and habits. If the occupation, or mode of life generally, 1s
leading to strain and overwork and worry, suitable changes must
be suggested according to the urgency of the condition, Holidays
should be long and restful. Week-ends should be true days of
rest, and observation of the Fourth Commandment might well
be stricter. Many unnecessary activities can be eut out., Moderate
exercise is beneficial, but not to cause fatigue. An extra hour in.
bed at night and a day 1n bed a week may be very beneficial.
Reassurance and encouragement are essential to allay the
lurking fear of some catastrophe that many of these patients
seeretly harbour.

Dier. If the patient 1s obese, reduction mn weight will benefit the
general health, and sometimes may be associated with reduction
in pressure, Restriction of salt 1s of no value. Restriction of protein
probably has hittle ecffect unless there 1s gross renal damage
Moderation 1s the watchword, In a phase of severe hypertension
rest m bed, on a diet of fruit and water, will reduce the pressitre to
a safer level for a time. Alcoliol i strict moderation probably does
no harm, unless there 1s renal damage.

Topacco. Nicotine undoubtedly causes vasoconstrietion and
a slight rise in pressurc in some people (136). The effect ts transient.
Here, again, moderation is essential Heavy smoking, when retinal
vasospasm can be detected, is certainly bad, and abstention should
be enjoined.

T"itamin A given in large doses appears to be of no value (187).

Stilboestrol may gmve symptomatic relief in hypertension at the
menopause, without conspreuous effect on the pressure !

Tutoeyanatt Tmenary. The thiocyanates are effective in
reducing blood pressure (138). Their mode of action is unknown.
The potassium salt has been used as a rule. The usual dosc is
6 to 9 grains a day to begin with, and then half the dose after the
first five or six days. The effective level n the blood 1s thus
reached, whicli1s about 10 mg per 100 ce. The level of 15 mg. per
100 cc. should not be exceeded. The level may be maintained by

about 3 grams a day. About half thie cases respond (140). As the
rates of absorption and excretion are probably very \'z}rinblc.‘ the
only wnjz to control the dosage is by frequent estimations of the
thiocyanate in the blood..This may hav e to be done weekly at first.
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Toxie effects age not uncommon, | Fatigue, headache xfn'd Al l‘“;z"
and mentaf confusion may oceur, n!\d nausea and \'omlm:g (1 .l).
Skin rashes, jaundice, ahd fatalties himve been repord g eV
when the level w the blood has been kept ““_“f!' observation,
Goitre occasionally develops. The toxie dose is yery near ihe
therapeutic. Elderly patients may beeowe anwmic aqd \\':\\\.cd
(132) (113} When the drug is withheld the pressure rises again,
Contra-indications are old age, arteriosclerosis and rcn.:\l lesions,
Severe and intractable headache seems to be the most important
indication for its use. The symptomatic telief may surpass the
fall in blood pressure {144). - .

In the treatment of a permanent disorder, suich as hypertensiony
1t 1s clear that the drug would bave to be used indefinitely. 1t
is likely that the necessity of frequent esimations of the eyanide

. Tevel 1 the blood and the danger of toxic reaction, even with full
precautions, make the remedy of httle real practical value m
treating hypestension in the long vun.

Orer Drucs, Apart from the thioeyanates, the large number
recommended 15 only an indication of their ineffechiveness, 1In
ambulant cases (145} the effects of most preparations that have a
more or fess well-established reputation have been studied, None
of them, under critical control, proved to be of more value than a
placebo 1n reducing pressure. Similar observations an & number .
of drugs gas e equally disappointing results (146). More scepticisin
«s needed in the routine preseription of alleged hypotensive drugs,
and more attention to the things that matter. Some of the scda-
hes gave symptomatie tehief. Where neryos tension, restlessness
and 1nsomnia are & source of trouble there {s a scope for the
‘barbiturates and brormde. During an acute phase of hypertension ’

xthe effect of rest 15 enhanced by them,
dases of the mtntes may help for the

Srecian SyMPrOMs.

 and it is possible that full
moment, .
Apart from those given above,
intractable headache may be difficult to relieve, Venesection i;
sometimes effective and also Jumbar puncture; intravenous
wmagnesium sulphate, 2 grammes -
e grammes tn a 10 per cent solution may

Yor acwte encephalopathy, when cede |
2 ma of the bram may be
suspected, careful removal of a hitle cerebrospinal fuid is im}i-
cated, as well as the measures given abose,*
3 .
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than the discase. Most important are various modificatiofs in
life and habits. If the occupation, or mode of life generally, is
leading to strain and overwork and worry, suitable changes must
be suggested according to the urgency of the condition, Holdays
should be long and restful. Week-ends should be true days of
rest, and observation of the Fourth Conumandment might well
be stricter. Many unnecessary activities can be cut out. Moderate’
exercise is beneficial, but not to cause fatigue. An estra hour m,
bed at night and a day in bed a week may be very heneficial

R ance and encour t arc essential to allay the
lurking fear of some catastrophe that many of these patieots
secretly harbour.

Diet. If the patient is obese, reduction 1n weight will benefit the
general health, and sometimes may be associated with reduction
in pressure. Restriction of salt 1s of no value. Restriction of protein
probably has little effcct unless there 15 gross renal damage.
Moderation is the watchword, In a phase of severe hypertension
rest in bed, on a diet of frint and water, will reduce the pressure to
a safer level for & time. Alcohol in strict moderation probably docs
no harm, unless there is renal damage.

Topacco., Nicotine undoubtedly causes vasoconstriction and
a slight rise in pressure in some people (136). The elfect is transient.
Here, again, moderation 15 essential. Heavy smoking, when retinal
vasospasm can be detected, 1s certamly bad, and abstention should
be enjoined.

Vitamin A given in large doses appears to be of no value (157}

Stilboestrol may give symptomatic relief in hypertension at the )

pause, without ) effect on the pressure

Triocyaxate Toerary. The thiocyanates are effective in
reducing blood pressure (138). Therr mode of aetion 15 unknown.
The potassium salt has been used as a rule. The usual dose 15
6 to D gramns a day to begin with, and then half the dose after the
first five or six days, The effective level m the blood is thus
reached, which 15 about 10 mg. per 100 cc. The level of 15 mg. per
100 ce. should not be exceeded. The level may be mamntained by
about 3 grans a day. About half the cases respond (140). As the
rates of absorption and excretion are probably very variable; the
ntrol the dosage 1s by frequent estimations of the
have to be done weekly at first.

only way to co!
thiocyanate n the blood, This may
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ot qurpenl results

{ - oubt, the really

by + retinal changes
P v t the cases WiLL Lt seevs t TEDN

v it was thal Tt O e thoge

Cmvised five

vears as,against 31 per cent THEAbw uy vy Allen and

‘Adson {155), the bulk of whose cases, grnflr«l by nc‘u\:\r changes,
sere type 3, with defimte retinopathy, found that in a).)mll onc-
thurd the pressure fell. In another senies reported on this tape. of
case 1t must be noted that the surgical results were discouraging
(166} The results of the ntore extensive sympathectomy prm:tfx(d
"by the supradiaphragmatic route hase been reported. Tour
Tundred and thirty-seven cases have been followed for five to
- ol o weare There was complete relief from severe s_\:nzplmns i:\

was notable, and there was signuheant decrease 31 uv sus ve
_ heart 1n about onc half, After five to seven years nearly sixty
per cent were shve; about four-fifths of these patients were
regarded as having progressed to serious diseasé {157, Smithwiek
{158) has reported on a smaller senes of one hundred and fifty-six
patients, using different grouping, based on the pulse pressure.
The results were gauged on the reading of the diastolic pressure at

fest. About one-third of the patients watched for over one to five
years were certainly improsed.

SeLECTION OF Cases. There seems to be genetal agreement that,
patients over filty years of age, and anyone who has had leart
failure or a stroke, should be excluded. Itenal damage severe
enough to cause mtrogen retention, should alvo exclude, Perhaps
the rate at which the tenal deficieney has developed is the impor-
tant point The quicker the rate the graser the significance. Some
think papilladema unfavourable, but on this point the reports are
discordant. Operation might be the one chance. Obesity will be

. unfasourable, and also eraphysema or aleohohsm, A labile pressure
responds better than & fised one. Tor fhis purpose the effects of
sodium aimytal (3 grains every hour for three hours) are observed,

. ond aleo the effects of change in posture. A fall in the diastolic

pressure to 110 augurs well {159). N
Intractable headache and other such cerebral symy pioms indicate
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Tissuk ExTracrs. Renal extracts are still in the experimental
3 ¢

" stage. Theoretically and on experimental grounds, there.is reason

to suppose that the normal kidney produces an antipressor sub-
stancé, hypertensinase (147). Page (148) has reported encouraging
results, Others have not confirmed them (149). The pyrogenic
effect of these substances makes evaluation difficult, nnd there are
also anaphylactoid effects, There 1s enough experimental evidence
to provide hope for the future. If some effective neutrahsing
substance can be found, its administration may control hyper-
_tension, although it may not cure ; much as does insulin or lier
extract (150).

Surgical Treatment. Srraxcn~icecromy. The am s to
bring about a lowering of the blood pressure by removing the
vasomotor control from as much of the splanchme area as possible
and to promote more stable and more profuse supply to the
kidneys. Various operations have been devised, differing mainly
in their extent. Those with the more hmited range are confin
to the subdiaphragmatic area. Those more cxtensive are supra-
diaphragmatic as well. Owing to techmcal difficulties the assess-
ment of result 1 not easy, nor 1s it casy to gauge the clfectiveness
of surgical procedures m a disease which runs so long a course and
may he met with in such varymg stages as essential hypertension.
1t 15 possible now to consider the results n several series.

The most extenstve surgieal procedure 1s that elaborated by
R. II. Smithwick (151), who removes by lumbodorsal splanch-
nicectomy all the sympathetic chamn, first on one side and then
on the other, between the eighth dorsal and the first lumbar
ganghia. The roots of the great splanchnic nerve from the 6, % 8
dorsal ganglia are cut and also1ts peripheral tonnections. The same
applies to the lesser and least splanchnic nerves. Peet and \\'oodS,
(152) also operate above the diaphragm. Allen and Adson (153}
keep below it. It would appear that Smithwick's lumbodorsal
techf\iqlle is likely to be the choice in future. .

Resurts. It must be remembered that splanchmicectomy does
not cure the disease, fer it cannot remove the cause; but it can
prolong hife and relieve symptoms. The cnteria of success are
variable. Some stress the changes m blood pressure, some the
increase 1n longevity, and others the symptomatic improvement.
This makes the various series difficult to compare. .
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1nu cure, 1t does offer some possibality of the relief of sy ytnptoms,

 even of the grave ocular type, There is probably some increase
n Jongevity in early eases, but here the lr}ng natural course of shc
discase still exceeds the time so far available for (h‘e evaluation

“of this point. A survey of cases.after twenty years will, no doubt,
be valuable. But by then perhaps some humoral method of cure
will be available.

The literature on this subject is now very large. For a full and
clear survey the reader 1s recommended to turn to “An Introduc.
ton to Essential Hypertension,” by R. F. Herndon (1916, C.
Thomas, Tilinms). The monographs by Goldring and Chasis, and
Page and Corcoran to which reference has been extensively made,
are full of valuable first-hand information.
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operation. Biopsy of the pectoral muscle may give some guide to

the extent of arteriolar selerosis, The ratio of the thickness of the

wall to the lumen of the vessel is noted. The evidence 15 only local

however (160). .
ErrFreis oF SyMpariiecToMy ox TiE CircuLation, Postural

hypotension will probably oecur if the operation has been

“sufliciently extensive. In some respects this resembles the natural

or 1diopathic orthostatic hypotension. But there 1s this
dufference ; the pulse in idiopatlue hypotension does not accelerate
on assuming the erect posture. After sympathectonyy tht pulse is
faster, Iping and standing. On raising the patient to 60°% the
systolic pressure tends to full twice as much, and the diastolic

" seven times as much, as before operation.  The response to the

Flack test (foreed expiration aganst the pressure of a column of
mercury) is greatly impaired, for the blood pressure falls severcly.
The output of the heart inereases, but the stroke volume is less
when the head is up, as mught be expected from the lowered
venous return (161).

Sleeping with the head of the bed rased, and the use of an
abdominal binder helps to mutigate the symptoms of postsym-
pathectomy hypotension {162). Paredrnol sulphate (10-20 mg.
subcutaneously) may be tried.

The patient must be warned that for a time he may feel faint_
and giddy on standing up, and that 1t is a good sign. By some
mechanism, at present not understood, patients gradually recover
from this postural hypotension. As the last authors suggest,
possibly those who develop 1t are those in whom the neurogenic
influences predonunate ; more mformation 1s needed about these
cases. !

Tlow far renal function may be improved 1s doubtful. Goldring
and Chasis {22) cbserved no mcrease 1n the Tenal blood flow after
operation, Impotence may result from excision of the second
lumbar ganglion, but this may only be temporary. There will be
sterility. On the whole mortality 15 low ; but the clinical results
are difficult to predict. A neurotic patient 1s less ikely to prove a
suceess than one with more stable mentalty. Even if there Ifc
considerable fall in the blood pressure after operation at first, it
P d its original level after a year or eighteen months,

may have resunie . :
Concuustox. Although the operation of splanchmcectomy is
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1o cure, 1t does offer some possibility of the relief of symptoms,
even of the grave ocular type, There is probably some increase
m Jongevity i early eases, but here the long natural course of the
disease still exceeds the time so far available for the evaluation
of ths point. A survey of cases after twenty 3 ears will, no doubt,
bevaluable, But by then perhaps some humoral methad of eure
will be available.

The hiterature on thns subject is now very large. Tor a full and
clear sur ey the reader is recommended to turn ta **An Introduc-
tion to Essential Mypertension,” by R. F. Ylerndon (1016, C.
Thomas, Thnois). The monographs by Goldnng and Chasis, and
Page and Coreoran to which reference has heen extensively made, -
are full of valuable first-hand nformation.
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CHAPTER V
DISORDERS OF THE PULMONARY GIRCULATION

Muon nterest has developed during recent years in various
conditions which amse in the pulmonary circulation and affect
the night side of the heart. The general acceptance of right ven-
treular falure, onginally suggested by James Hope a century ago,
has grsen importance to the lesser cireulation. It is worth wiile
recallmg that Serv etus 11 the sicteenth century, and three centuries
before tom, the Arabian physician Ibn-an-Nafir, hiad a clear sdea
that the blood arculated through the lungs, as . A, Young
pomnted out in the Tlary etan Oration i 1929, There are n mimber
of pathological conditions in the lungs which cause embarrassment
of the right venincle, some confusion m nomenelature exn»is
at the moment owing to the widespread use of the somewliat
colloquial expression which hardly merits the dignity of a Tatin
desiguation “Cor pulmonale.” Now that it is appearing in acute,
subacute, and chronic forms, one would suggest that.it were
dropped, and a more prease dingnosis attempted, The same -
applies to the name “Ayerza’s Disease.” What it was that caused
the “cardiacos negros” to die of nght ventnicular falure was
never very clear, the substitution of the word “syndrame” leads
ta st} greater obscunity, and 1n the interests of aceuracy st would
be well to drop this expression too. [N
The opportumttes atforded by radiology, by the electrocardion
geaph, and by estimations of the rate of the ereulation throngh,
the lungs, have epeaed up 8 tapdly expanding ficld of |;1\‘cst|;,'i:x-
artenal o bty of estimating dreclythe puimonary
WOkl e T e were i s ot s 670 SUch 3
0 means of measurine e art

¢

spesur e pressures an that chambe:
sndircetly of those in the pulmonary sstery. e and 5o



t

~ \
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In thag chapter we will consider :

1. Lesions of the pulmonary arteries,

2. Pulmonary embolism and infaretion.

8. Pulmonary disease. .

. Deformities of the chest. .

All these may be associated with primary right ventricular
failure, Secondary right ventricular failure, which follows failure
of the left ventricle, and which is indeed much the commonest
cause of enlargement and failure of the right ventricle, (2) is dis-
cussed in another chapter. The two are merely distinguished for
convenience from the point of view of ecausation, not because there
is any essentinl difference in their hemodynamics.  But it is worth
recalling that some of these conditions produce examples, pure
and uncomplicated, of the symptoms of failure of the right
ventricle in a way which 1s relatively rare (2); in others the

" symptomatology is confused by pulmonary lesions, much as in
\those cases where the pulmonary circulation 1s primarily affected
by failure of the left ventricle,

Valvular disease of the mght side of the heart 15 rarc on the
whole; and the right ventricle cscapes the ischermic changes due
to coronary sclerosis. In nearly all the pathological conditions
now under discussion the failure of the mght ventricle is brought
about by the overload caused by raised pressure duc to obhtera”
tion of the circulatory bed.

Direct measurcment of the pressure mn the pulmonary artery
at operation gave a figure of about 36 mm, Hg, (1). Recently it has

" been possible to measure the pressure 1 the right ventricle by
means of the cardiac catheter. In normal patients the systolic
l)r("ssurc va-icd from 18 to 30 mm. Hg , with an average of 25 mm.
Hg. In cases of pulmonary fibrosis and emphysema, when failure
whs not present, the pressares were normal in five cases ; in twelve
others the pressures at systole ranged from 35 to 58 mm. Hg.,
the pulse pressurc being from 30 to 54 mm. Hg. (21).

- Lesions of the Pulmonary Arteries
The pulmonary arterial system has to withstand a lower pressure
than the systeme, soitsstructure is modfied accordingly. Thewalls
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-
of the pulmonary attery are flunner and the coats of the sr;mllcst
arterioles down to 0.1 mm. in diameter ore fess muscudar {2)

. Atheroma. Jt may be because there is less hydmuh? \vem—.nml
tear than 1n the systemic cireulation that the degenerative fesions,
such as atheroma, arc less conspicuous. Neverthicless, some form
of sclerosis of the pulmonary arteries 15 generally found at mgtopr
on elderly patients, and the older the patient the more conspicuous
are the lesions (4). A time factor is thereforc apparent. The other”
factor, an abnormal pressure, can also be inferred. Atheromatous
deposits in the main stem and larger branches are usually more

pronounced 1 patients who have had some form of chrontc

pulmonary disease (5) such as fibrosis or emphyseme (6); or

mutral stenosis. for many years (7) There is almost invariably

some dilatation of the pulmonary artery when much atheroma 1s

Present, suggesting some stretching esther from loss of elasticity,

or due to merease of pressure, or to both together. The athero-

matous deposits rarely reach the degree of seventy of those in the

aorta Ulceration and ealeificatson 1s rare (4}, Pulmonary athero-

sclerosts by 1tsclf plays httle or no part m causing embarrassment

to the night ventnicle (8) The atheromatous arens may provide

sites favourable for the formation of thrombu (7). Their importance.
may ke i pointing to an increase m pulmonary pressure. Their

meidence 15 m no way parallel to the amount of sthcroma in the

systematic artenial errculation

Arteriolar Lesions. Subintimal thickening and hypcrtm'phy
of the muddle coats of the smaller arteries and arterioles is niso
found. These changes have been noted in mitral stenosis and are
presumably the result of increased pressure due to chrome engorge-
ment (7). The arteriolar bed may be extenswvely affected in this
way in cases with emphysema (5). They %ere more pe less parallel *
10 sevenity with the degree of emphysema. One may suppose that
here the changes were the result of inerensed ilxt\surc resulting
from obliteration of the capillary bed by the emphysema,
Atlieroma of the larger branches 15 often pronouncad in lhes;
cases (10), Symilar lestons may be found 1 Jungs which have been
the seat of fibrotic disease, sometimes tuberctilous in character,

. T::SC ‘;fle mm]l}:s ©f what have heen termed secondary selerotie
::‘g‘c‘rtnt cnelsx‘ll:::. {2). M severe enough they tend to overload the

7

'
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Syphilitic Endarteritis. Syphilis of the lungs is very rare
The characteristic lesion is widespread endarteritis obliterans bf
the pulmonary arterioles.” The main artery and its branches may
show the characteristic lesions of syphilis similar to those found
in the aorta. The trunk is usually dilated and there is also exten-
sive atheromatous degeneration (11, 12).  The obstruction in the
arteriolar bed appears to he largely responsible for the diatation
and degeneration of the arger branches and main trunk (12).

+ There is nodular fibrosis seattered throughout the lungs as well as
the arteriolar lesions, in which the latter become involved. This
disease becomes mamfest in middle life and causes progressive
failure of the right ventricle. Congemtal syphilis may cause it.”

Pulmonary Schistosomiasis. Infection of the lungs by
bilharzia, schistosoma hwrmatobium, may ledd to widespread
endarteritis. The vessels are obliterated, recanalised, and are
surrounded by angiomatowd new tissne. There 15 medial by per-
trophy. These obliterative changes eause a rise in pressure and
gross dilatation of the pulmoenary artery, with atheromatous
degencration, and mcompetence of 1ts valves. The nght ventricle
Decomes grossly enfarged and farls. $Vhen the mght ventriele fails
to overcome the resistance, cyanosis develops.  There are no
parenchymatous lesions of the lungs. The discase is not uncommon
in Egypt (14, 15). ‘

Pulmonary Hypertension and Idiopathic or Primary
Pulmonary Arteriosclerosis. In this group there are three
conspicuous features. The first is progressive and intractable
Sailure of the right ventricle. Thns is marked by the characteristies
piven elsewhere. The patients are often young, but may be old.
“There is usually cyanosis, which may be severe. There arc the

usnal findings of wdema, hepatie and jugular engorgement, and

ascites. Dyspnoea is shght and orthapneea absent. The rhythm

is regular. .

2, The right vemtride is greatly enlarged. with nght avs
deviation m the cardiogram, and at autopsy shows hypertrophy.
(Plate 20.) The pulmonary artery is dilated n the skingram and
at autepsy, and chmeally the loud sccond soum} indicates high
pressure within it. The dilatation miay lead to incompetence of

the pulmonary valves (16). )
3. The pulmonary arferioles show a soniew hat variable preture.
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cre may be ouly local changes with tendeney tor thrombus
mation (17) There may be a tendency to hiypertrophy of the
scular eoats with a proliferation of the elastica and intima (18)

). Ou the other hand, the arteriolar hypertrophy and oblitera- |

n may be only shght, although stherématows deposits mny be

ind down to the quite small branches  Finally there may be no

croscapical changes 1n the pulmonary arterics of an obliterative

ture and even the medial hypertrophy may he inconspicuous

0, 21, 22), N

The clinical and post-mortem findings, of which the outstanding

ature is the failure, 1n the end often rapid, of an hypertrophied

sht ventrcle, need explanation,  Syphulitic endartents, and-
arenchymatous pulmonary disease, except 1n one case where there
as curious disintegration of the lung tissie which may have been

tminal (19) can be excluded. The changes in the pulmonary
rtery and the main branches are those of dilatation and athera.
atous degeneration, such as are found when in all probability,
he pressure in 1t 1s Ingh, If one ean trace a progressive sequence
 arteriolar change from kittle or none ta moderate and patchy
redial hypertrophy and intimal proliferation, it 1y evident that
hey are not the cause of the events behmd them, but more Tikely
o be the result of the, at present, unidentified cause, If one allows
or minor anatomical diflerences mn the structure of the pulmonary
artenies, such changes as are found, excluding stheroma, are m:t
nlike those resulting from arteral hypertension in the systemic
cireulation, even to some degrees of vecrosis {19). It may be
recalled that for many years there was doubt as to whether Q‘hmc
were nct the eause of the rawsed pressure. and indeed until the
sphygmomanomster was introduced thewr nature was net
appreciated at all, By analogy, although 1t cannot be proved
sathout measuring the pressure i the pulmonary cireulation,

1 possible that a y "
R ! . tate of primary or essential ne “yonary.

which

. . od the

fa ;ure("‘l“ ‘9“‘2 Tt nght ventncle, and leads to jts ultimate

h‘ w“"e‘;"m N ”“)‘ thm;;nm etse suggestion, that the diatation
> e ey ¥

appeas t0 be quite unhkey, Takive process compensatory (23),

Obsersations of the pressure 1 the rielit ventricle wetl .
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valuable information in these cases, and some indication of what
the accurncy of the inference may be as to the pressure in the
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Puimonary Embolism and Infarction

The tragic event of sudden death, some ten days after an
operation, due to a large clot lodged in the pulmonary artery has
long been famihar enough. Smce the paper of MeGinn and White
(1), which pointed out that certam changes i the cardiogram
might follow pulmonary infarction, much iterest has been roused
in the pathogenesis of thesc curves, and also in the clinieal diagnosis
of pulmonary embolism and infarction, and their effects on the

" right ventricle. Owing to the comncidence of several variable

causes there is still a good deal of obscunty on a number of points.
Clinical Features. A large embolus cnuses death in a few

. seconds. The patient cries out, complains of precordial pam and

\

suffocation, and in a few moments all 1s over. At autopsy the
pulmonary artery is found to be blocked by a long grey clot coiled
up ot the bifureation, and the chambers of thé right side are greatly
dilated. Smailer embaoh passing nto the lungs cause infarcts
which vary in size according fo the size of the branch of the
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pulmonary tree in which they may lodg(: We have noted that ;hc
farger emboli are apt to be found in surgieal eases, and the smaller,
with mfarcts, 1n medieal. . N -
Sympfoms. These vary a great dcnl.. TESFIRATORY. Thcrt': is
usually dyspncea and a sense of suffocation. The rate of breathing
increases (tachypncea) and the breaths may become du.-pfr
{hyperg Large to mod; ized pul -y emboli in

dogs caused increase in rate and depth of respiration. Tachypnaa
alone resulted from emboli in the smallest arterioles (2). These
« respiratory changes are of reflex ongin ansing from stimuli in !I.mA
lungs, and are abolished by vagotomy. Lntlcr there may be pain
from pleurisy over the infarct, cough, and sometimes hemoptysis.
There may be dullness, and altered breath sounds, distant or
bronchial, and friction rubs may be heard. An elfusion, often
hamorthagic, may form in the pleural sae, .
Carpiac. There may be substernal oppression, or even severe
pain, but it 15 Jocalized, and not inclined to radiate as in coronary
oechusion, The onset 15 very sudden, “like n blow.”* The rate of
the heart increases ; occasionally an abnormal thythm resilts,
such as fibrillation The pulmonary second sound 15 increased in
loudness, Over the right ventricle a gollop rhythm may be -
heard.  Engorgement of the jugular vens is probably common
but often quite transient (3). Enl of the right

tricl
B ricle
and auricle 1s shown in the skiagram. Cyanosis 15 apt to develap,
Experimentally, eyanosis 1s more Iikely to arise from emboli in
terminal artericles, and 15 assocrated with dyspnaa. Embolism
of the farger trunks causes pallor and syncope (4). If the emboll
ate farge, experiments show that the night ventricle dilates, and
the venous Pressure rises,

the effect heing purely mechanical {5),

Prrwesers., In ghout one-third of cases shock predominates
(8). The shin is cold and perspiration is profuse, The bleod
The patient
sness. Later
m of pigment

pressure falls and the aspeet shows greyssh pallor,
feels great fear (1) and is faint angd may lose conscious
there may be fever, and shght yaundice from absorptio
from the infarct,
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tion may be less acute (8). The patient’s progress may be checked ;
and a sudden step downwards may be noted. The complication
may hinder 1mprovement and prove a “last straw” to an over-
burdened heart, The symptoms may be mild and the lesion
latent. Yever, tachyeardia and sudden deterioration are the vsual
indieations. We Dbelieve that the extensive thrombosis of the
pulmonary arteries sometimes found at autopsy in patients who'
have been slowly dying of heart fatlure may cause a similar final
breakdown. Embolism 15 not the cause here; the extent of the
thrombosis and infaretion may be very extensive, and nmiay be the
final cause of death (7).

Radiolegical Findings. Iere, there 1s much variation Small
infarets may cast no shadow. There may be embolie obstruction
without nffarction. The variation in size and shape of the mfarcts
when present, and the changes which occur i them n the course
of time make accurate diagnosis diflicult, Some shadows are
triangular. later they tend to become linear  Sonmietumes they are

Fic 258

F1a, 264 )
Pulmonary _infarction  First I’ulmunahrym{nnnnn eTl::d:.‘l?
. ¥ 4 From the same cax 234,
day. Note 8, and negatiee Ty TO! T e ehanes

and T,
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circular ke an abscess eavity.
Others resemble the shadows
of pneumonin.  There are nlvo
the additional complications
of shadons due to collape,
clevation of the diaphragm,
and perhaps a pleural cfusion
(8)  But m eases of doubt a
shiagram with a  portable
apparatus is always worth
taking;  the dugnosis  of
wnfarction must be considered
with the other possible eauses

Cardlographic Changes.
Live Leaps.  Since the paper
of McGinn and White {1)
these have aroused mmich
interest, and speenlation as to
their xtiology, The problem
15 by no means solved.
These observers deseribied the
N appearances of an § wave
1 Jead I, with a negative $.T phase. The same S-T negativaty
was apparent in lead 11 Lead 111 showed a Q wave, and later a
negative Twave  They emphasised the transient character of
these changes whieh might only last forty-cight hours, Tater
whters (9f have confirmed the presence of these changes jn many
cases, but on the whole they are not frequent and normal enry ey
may be found. On the other hand coexisting myocardial divease, ~
such as coronary selerosts and hypertension, 15 5o common 1
these cases, that the effects of thns complication in the curye must
e an important cause of anomalous records. Another point 15
the very transient dy;

ration of the changes, whicl may last g few
hours only {Fig, 234, B, €},

Fie Zic
Pulmonary infarction  Thifth day
s10n

Criest Leans, Negative T-waves tnay
mee T 1s always upright in these Jeads y

of diagnostic portance, the T i CR
{10). The curve returns

. oceur in CRy, CRRy, CR,,
!

n health, the changes are

1 Temaning riegative longest
10 normal after src oont v L. . e
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wecks (3. Similar changes have been noted in lead CF, (9): but
. they are ouly significant if & tracing prior to the embolus has been
normal, since a vertieal position of the heart \mz\y ause T to be
negative in this lead. ”
, DIFFERENTIAL Dx‘\cxos_xs 18 Carptogravs. The curves in the
‘limb leads bear o superficial resemblance to those of posterior
infarction. But in pulinonary embolism Q-waves do not oceur in
lead II, nor is the ST junction elevated s also an S in lead,I is
not part of the pattern of posterior infarction, and T 1s not inverted
in the chest leads. They resemble more closely the pattern of
right ventricular hypertrophy, with an § 1n lead 1, R greater than
S in CR,, and inverted T-waves in CR,, CR,, and CR;. Somewnhat
similar curves have been found in prettmonia, and the cause of
each is probably mght ventricular stress (3). The progressive
evolution of changes characteristic of the curves of infarction is\
not seen (11). '
©  Cavses of Tnr Cunves of PuLMoxiry EMBOLISM AND
InFarcrioN. First of all it must be noted that the effects on the
right ventricle of pulmonary embohsm and infarction are very
waried.  Pulmonary embolism may cause no embarrassment at
all, or a very small infarct may be associated with the development
. of serious deficiency. There are the following possibilities to be
considered (6) : i
1. The cffects of mechanieal stram, caused cither ry the embolic
obstruction, or reflex spasm 1n the pulmonary bed.
Rellex spasm m the nght cotonary artery following the
pulmonary lesion (12).
. The effects of shock on the coronary circulation, which may
or may not be the seat of disease.
.The effects of anoxwmia on the myocardium.
Engorgement of the right suricle may cause obstruction to
the venous drainage from the coronary vein (13, 9).
. Mechanical Strain. Iagation of a mam pulmonary artery
for pulmonectomy produced right axis deviation, with the appear-
ance of an S-wave, and depression of S-T in lead IL These changes
‘lnste’d twenty-four hours or so. It seems likely that they were d}le
“to the production of right ventricular strain (14). The posell{lhty
that the infarct might produce pulmonary vasoconstriction was

o

=3

oo

-
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tnely small lesions scemed capable of
sl:ig,;s;ﬁ :ftc:r:::e?!}:ctse(i). Experiments oft dags shoned that
l;hop'ms:nd pdpayenme were defirutely benefioal; the mfc'rfn.ce
bemg that they sbohshed the supposed T ¥
’nonnm. The vatospasm might explan the severe c(\cui] on the
vight ventricle withowt evidence of infaretion at all {I o). h t sm‘n\ )
seasonable to inxohe the sudden dilatation of the right ventrie lc,
cesulting from physiological stram, as the pathological cause.
Climeal and expérimental embolsm provide grounds to support
this suggestion (13). -
2. The Pulmonary ‘Reflez. Experimental p y
in dogs with sago granules caused a diminution in the \\.ow of
Blood in the nght coronary artery {12). Rut recent c'q\cr.m\enh
on dogs have shown that the changes in the electrocardiogram
oceur even when the vagi have been severed, and do not dis-
appear after cutting intact vagl. In fact, the curves produced
are the same whether the vagi are sesered or not (18). The |
evidence seems convinding that no vagal pulmocoremary reflex
f
3. Shock. YWhen much shotk was present the entves discovered
by McGion and White were twice as common os in those eases
who did not develop shock (6). Shock will reduce the sortic blood
pressure, and 50 will gross obstruction in the pulmonary cireula-
. tion, The two factors are Itkely to be present together.’ The right

veatricle in these erenmstances will be overloaded and sulfening
from anoxiz, If the right coronary attery,is unhealthy the
erabartassment %I} be aggravated. v

exists (15, 15)

4 ngramia may result from the abstruction in the puh;xmmry
erreulation and so aflect the myocardium. It i suggested that the
COTORAry dnaX®mua may be so severe that ischemic changes oceur
n the myocardwm. Fauly recent clianges of this nature, patchy
m distrbution, have, been found. There had been recurrent
embalism, so some time had elapsed. The sugpestion was that
duatation of the right ventricle maght eatise  defient Row m the
right coronsty artery gnd sq produced isehremie chanpes

posteriorly (16). If the coronary arteries are diseased, tl
are o)l the more easily e e g

produced, But definite infarction of the
ventricles has heen found after pulmonary embohism’ without an:
actual eqronary occhision, S0 1t 1s clear ¥ .

hat deficiency, withoyt
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actual aholition of blood supply, may suffice to produce these
changes (17). -

"5, Intraventricular Pressure. 'The severe rise it pressure in the
right auricle may cause congestion of the coronary sinus and o
obstruct the coronary venous flow. This does not scem to be
" animportant point. Ligation of the coronary sinus has even heen

suggested to improve the coronary circulation in angia pectoris.

Coxcrusioxs. If one may exclude cardiographic changes due
to antecedent ischemic myocardial disease, the fact that the.
curves peeulinr to pulmonary embolism are so transient makes 1t
unlikely that they are due to gross itreversible pathological changes,
such as are found m myocardial infarction. Ischemic myocardial
disease, when posterior, is found in the left ventricle, never m the
right. In pulmonary embolism it 1s obviously m the night ventricle
that one must laok for the causes. The changes in the T waves of
the precordial leads, when CR; and CR, are used, point this way.
There 15 acute overload from thrombotic obstruetion and perhaps
pulmonary vasospasm causing severe engorgement and dilatation.

,The oxygen supply 15 dimmished by anoxwrnna, and the low aortic |
pressure due to shock, and pulmonary obstruction. There 15, in
-these eircumstances, adequate physiological cause for the curves -
associated with pulmonary embolism, which are, 1n consequence, ’
often transient. Mimor and perhaps reversible pathological
ischenue myocardial defects preduce the curves which last longer
than the acute phase of embarrassment. The less common per-
manent abnormalities may be associated with the antecedent
presence of coronary disease. wlich will render them more lkely
toappear. Assoclated myocardial disease causes anomalous curves.

Treatment. Venesection should be done if the venous engorge-

' ment increase rapidly to a scvere degree. Minor grades are usually
. transient. Up to a pomnt a raised filing pressure 1s an advantage
+ and may be left alone.

In_the acute phase. papaverine (gr 1 to 1. by mtravenous
injection) nppears to have defimte value (2).  Morplua would be
indicated “for the pam and dyspnaea. Trititrin may reheve the
pain. Osygen 1s these cases 1s of very httle use, for the eyanosis
is mainly due to the pulmonary obstruction. X

Embolectomy from the pulmonary artery might be useful 1f
one conld be sure one would find the clot there, Butin acute cases
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there is no time, and quite severe disturbances may atise from
small embalt in the ungs, N i
Attention is more hikely to be focussed on the souree of the
embolus. This aften comes from phichathrombosis of the legs.
When pul 5 embolism 15 chagnowed, latent t} hosis 1n the
fegs should be borne in mied. Slight swelling, ¢y anosis, tenderness,
often, axer the popltesl veins or lower still, should be sought,
Apart from the acute unexpected fatal embolism, denth usally
Tesults from the third or fourth attack. Sinec subsequent attachs
ate Whely and dangerous, 1t seems logieal to use heparin and
N 1 at once (18), inuing the former for tno days unti
the [atter mets (see p. 214). Ifit 1s certam that there 15 thrombosis
1 the leg, higature of the femosal vein on that side is becoming
widely adopted m the United States, and 15 not diflicult to do
under focal anxsthetic. It would be worth doing after a sccond
attack, Prophylactic exereises for the knee and ankle junts, with
massage to the ealves in particular, should prevent the staus

which feads to the thrombosis. A pillow should not he placed intie
bed beneath the calf
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Pulmonary Disease
Emphysema. The effect of emphysema on the heq £ 1
recered a good deal of attention i recent years, To b, Sy
diftieulties arrse w deerbing chrucally to what extent °9‘}‘;\ with,
may be present, As far as the lungs themselves ae <mphy sema
important histological changes are Joss of el m"?fm““. the
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n the size of the alveoli with atrophy and disappearance of their
walls, and consequent obliteration of their eapillaries. The lungs
are enlarged as n result, and give the charactenstic appearance of
hypertrophic emphysema. ‘I'his has been‘contrasted with similar
alveolar changes in small lungs, atrophic emphysema. It is
doubtful whether the large barrel chest, with large hyper-resonant
lungs, 15 always a true sign of emphysema; it should he more
correctly diagnosed ns pulmonary hypertrophy (1). In addition,
in 2 certain proportion of cases avteriolar obliteration is present

- ~as well as the changes in the capillary bed, possibly as a result of

o rased pressure induced by
them. These variable features
may nccount for some of the’
discrepant 1deas abroad.

Tuc Size or e MHeart.
Avtorsy Finpmvas.  In one
series of 32 cases the right
ventricle was found to be cn-
larged 1 75 per cent, and in
nearly bhalf it had faled (2).
In another series of 45 cases,
uncomplicated by hypertension .
or other lesions, the right ven-
tricle was enlarged in nearly 2
third.  Here the dinguosis of
hypertrophy was based on the
Pulmonary discase Trom the case  thickness of the right ventricular’
shown on Flate 21 nght ax13 \waq) which is not an easy thing ©

N to measure accurately (8). But
the results agreed faurly well with those of another mvestigation
where the ventricles were weghed separately (4)  In another
series, the patients were selected in rather a diflferent way, for
they came into hospital with heart faiture, which was presumed
“to be due to pulmonary discase, the 32 eases of emphysema
nearly all had right veninenlar hypertrophy (5).

AssoctatED ENLARGEMENT or Tne LFr VENTRICLT. It 1s not
uncommon to Hind this. It was present in 60 per cent of the last
Here cases with coronary disease nm} hypertension were
If this be so, the cause for the associated

Fic 26

serics.
carefully excluded.
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.
erlargement of the left sde is o?scurc. but one must ﬁ“;l"fd ‘}:‘f: .
the p hility of an panying hyp n emphysema i
ot always suceessfully discounted. — * .
K-Ray Fryprves  Certain modifications in the s)xf\pc of the
shiado of the heatt 10 emphysema introduce possibifitics of errot
in the estynation of its size. The daphragm is usually low in
position, near the position of fallinspueation. When the dm“ﬂlmgn\
descends the heart descends too, and slso rotates to the right on
its long axis. The result is that the shadow is small in diameter,
The outlme 1 similar to the vertical or “dropped hearts™ scen in
persons with long narrow chests. In emphysema, o,i course, the
chest is wide and the nibs horizontal, 5o’ that, on compring the
size of the thoratie and eardiae diameters, the heart shadaw
appears smaller than ever. Another factor which may contnhute
to the apparent small s1ze of the shadow 15 restriction of the venous
snflow, whieh 1n asthma may to some extent resemble that indueed
by Valsalva’s expeniment (6) (¥) In another scries & vertieal
heart was not found so often {8). 1n about 46 per cent of these
cases there was radiologieal evidence of enlargement of the
branches of the pulmonary arteries, with which might be associated
enlargement of the main trunk. In about 40 per cent the conus
pulmonalis of the night ventricle was enlarged  In about half.of
these the body of the ventricle was enlarged. Only about 18 per
cent showed endargement of the right auncle. 1t is cdcar that the
enlargement spreads backwards, s 1t weve, affecting first the
branchies, then the stem of the pulmonary artery and sa on along
the “ontflow tract” of the nght ventricle, the right aunele bemg
aftceted Jast of all. (Plate 21.) The results agree faurly well with
those of one autepsy seres (3] 1t is clear that the night ventricle
15 not en\ar{ied, as arule, m emphysema, nor mn asthma and
i:“:::’::]‘;‘;é'};sg:la"gzﬁ;ﬂ:: tf"trll\e heart as 3 whole 1s often due
3 ¢ eases the increase in size of
the left sentncle lacks explanation. .

Cravteat FRaTURES Some s i '
)k ymptoms and signs which suggest
ulca:d\ae ongm can be explained 1n other w ays. The dyspn;;s is
:0 ic to the dev.treased il capacity. The eyanoss is due to deficient
o 0) [Ee:\;ttmr; in the Jungs. The arterial axygen satutation may be
70 to 33 per cent (11), Chnical N
ohviody aim ) eXamination of the heart 13

s alt.  The presence of vight axis deviation in the
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cardiofram is only found in about one-third of cases (Fig. 26); and
in some instances the evident cnlargement of the right side was
a panicd by 'no changes in the cardiogram (8). In another
scries 13 per cent showed right axis’ deviation (9). But in some
patients heart failure of the right ventricular type comes on—
41 per cent in one series (2). The output of the heart is high, 6 to
10 litres (12). The development is usually terminal and intract-
able. Cyanosis often becomes intense and polyeythremia high,
This 1s probably due to stimulation of the bone marrow (10). The
blood increases in viscosity and this may further embarrass the
cirenlation.  Although dyspnaea is severe, nocturnal attacks and
Cheyne-Stokes respiration are uncommon {(5). There is a steady
progress downhill and death oceurs after a“period of coma. The
heart rhythm usually remains normal. ~

Patients with emphysema and bronchitis often have violent
paroxysms of coughing which end in syncope, probably from
anoxemia.

The association of the chnical findings, radiological appearance
and the weights of the right ventricle at autopsy need further
correlation. The question fs why some cases fal and not others.
Is it actually the seventy of the capillary obliteration which is
important, or are associated changes in the pulmonary arterioles «
decisive 2 In not a few nstances the mfection gains the upper -
hand, and a bronchopncumoma develops. This is particularly
likely to be the end if there has been bronchiectasis: b

TREATMENT, Oxygen is the primary and dominant need. If
the cyanosis can be rcheved, the call for the raised cardiac output

" may be dimimshed. An oxygen tent scems the most practical

method. )
Venescction should not be undertaken tooreadily, for a lngh filling

pressure is needed to mantan the high output, Digitalis may be
harmful in thesc cases owing to 1ts cffect of lowcring the venous
pressure. The same applics to cardophylln.  Faiure is often
precipitated by infection for which peniedhin will probably be

needed. -
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Chrome Pulmanary Disease.

Showing enlargement of conus arteriosus and of the night auncle
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Funnel Ster:

() Suggestion of enlargement, particularly in the conus pulimonalis.
(B3) Lateral view showing depressed stern

.
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Pneumbconiosis. The widespread bilateral l}hmsis of the
Jungs 1 p is affects the pul y cire lat In
about half the patients there was ll_\'pcr!roph.y of the right ventricle .
at autopsy (1), A chronie form of congestive heart fmlure come

" on in about the {ame number of patients, in whom there was
10 other form of cardiac or pulmonary disease. These figures
agree with those ol another series as regards the enlargement of
the right ventricle. Rught axis deviation was present in the =

cardyogram in about 40 per cent. One-third died of right ventri-
culay failure. Edl of the pul

y artery app d in

the skiagram, and the loud sccond sound showed that the tension

in it was high. There was some degree of cyanosis, but no

polyeytherua, m fact; there was a tendency to anema (2).

, In this form of pul ry disease the incid ,of right

ventricular farlure appears to be higher than in emphysema,
Unilateral pul y fibrosis d with

* caused right ventricular hypertrophy in 16 per cent (1).
Phihisis. ‘e

Cardiac “involvement here is slight i steadily
progressive cases, It is rare for the right ventricle to be enlarged,
and rarer still for it to farl. El d: hip ab It

i

~  are uncommon {1). Thght and Jeft ans deviation were equally
wnfrequent, occurring 1n only 9 per cent (). The rhythm is usuall v
nornal, but suricular fibnllation has been reported (3). Curves of
antenor infaretion were recorded in one case where the anteror
descending artery was involved m a caseous mass, which replaced
half of the anterior wall of the left ventricle (5).

The course of this diséase is often hardly long enough to affect the
cardiogram, or to catise right ventricular enlargement. Powsibly
the Rasting and toxwma prevent its development. Chronse brod
Pphthisis may cause the usnal cardiae compheations,

Malignant Infiltration. , Widespread malignant deposits m:;v

_arisemthe \txngs, in the form of miliary nodules, caused by artemal
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embolism (6). - In another case the route of invasion was by the
Iymphatics, which may eause thrombosis in the arterioles (7). + *
In these cases the right ventricle became enlarged and there was
progressive failure. The pulmonary artery was enlarged. In one
instance, where thrombosis oceurred, the failure suddenly became
much worse, In another case there was pronounced atheroma of
the pulmonary arteries in addition Yo the dilatation and enlarge-
“ment of the right ventricle (8).
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Deformities of the Chest

These may be divided into two classes. Those affecting the
spine and these affecting the sternum. The latter may be assaciated
with mild degrees of the former.

1. Kyphosis and Scoliosis.

“and in them, if the hump 1s above the diaphragm, the ribs
are not able to mcrease in wideness, exeept to the front, and
the chest becomes pointed and not broad ; and they become
dyspneeic and hoarse  For the cavities wlieh receive and
send forth the awr have not free space.” (Ylippocrates on
Joints, al) i

A moderate degree of lateral curvature of the spine, usually
associated with some kyphosis Is very common  To the mexper-
enced, the unusual position of the shadow of the spine may at first
introduce difficulties in diagnosis on sereemng. Except for this it
has no importance.

When the curvature amounts to a deformuty st is of cardiological
interest. . .Above the diaphragm pure scoliosis w ith convexity to
the right is commoner (1, 2). When this is present f!le left border
of the heart tends to assume the generally convex outline associated
witly mitral stenosis (2, 3).  The heart tends to be disptaced some-
what to the left. This may simulate enfargement (3).
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n the less coramon type of seoliosis, with the Tun\'t:\l!,\' to \l\e
Left, the sortie shadot is widened and the kl\o!» is pmnu!\cnl {2).

T’he cardingrams are usually wornal.  But in one senes \\m:(-
was right axis deyiaton in about one quarter of them {2). ‘T\n\
s also found to be the ease m nhout a quarter of \‘hc patients
wath « right dorsal and left lubar comeuty 3 while left mis
deviationwas present inabout one-sixthof those s ithleft dorsal and
gt Tumbar convexaty. Fhere was, in fact, some degree of rora-
ton exther i the longitudinal or antero-posterior axes of the heart.
Precordial leads are very unsatisfactory because of the difficulty
of placing the contacts correctly on the del‘on:\ed pl’(‘(’(:rdl\\lfll;{ .

e e i i it

and position of the heart shadow. .
In 1 sexfes of five cases which came to autopsy the right ventricle
was hypertropbied in four, and right axis deviation had been
present in three. All had had eyanoss, cedema, snd orthapraa (3},
The 1mportant effect of these defornuties is on the lungs. The
vital capaaty tends 1o be very low, as Fuppocrates pointed out.
1t 13 about half the normal volume, and this is the canse of the
dyspneea. The circulation rate and venous pressure are found to
be within normal hmuts, of there ts no fallure of the heart (1),
The chest does nat grow with the mdevidual if the lesion oceurs
carly m e (5). The respiratory movements play sn important
part in the filing of the heart, and the lack of the efficient action
of the respuatory pump may hamper the venous inflow. More *
vnportant 15 the presence in somie cases of chrouic pulmonary
lesions, sueh as fibrosis or shrinking on one side with emphy sema.
on the othes. They are, no doubt, the eause of the cyanosis in
many patients {1). Syneopal atiacks are not uncommon, Later
on these pulmonary changes may overload the right \enteiele
and cause 1t to hypertrophy and bring about its wtimate failure
4.8} Accounts of the heart falure of the huncliback huw e long -
"’;::‘:;:;]:‘CK‘;O:; ;:ail:nnncntal literature, When falure 15 fresent
g morplna

very badly, and quite swall dog
mel dangerous and may catse death ). B b
n spite of gross deformity, it 15 s
Y ‘; urpnsing how i many cases

but itle affected. These patients *
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embolism (G).- In another case the route of invasion was by the
Iymphatics, which may cause thrombosis in the arterioles 7).

In these cases the right ventricle became enlarged and there was
progressive failure, The pulmonnry artery was enlarged. In one
instance, where thrombosis occurred, the failure suddenly became
much worse. In another case there was pronounced atheroma of
the pulmonary arteries in addition Yo the dilatation and enlargc—
“ment of the right entricle (8).
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Deformities of the Chest

These may be divided into two classes. Those affecting the
spine and those affecting the sternum. The latter may be associated
with mild degrees of the former.

1. Kyphosis and Scoliosis.

“and in them, 1f the hump is above the diaphragm, the ribs
are not able to merease m wideness, exeept to the front, and
the chest becomes pointed and not broad ; and they become
dyspnecic and hoarse, For the cavities which receive and
send forth the air have not free space.” (Hippoerates on
Joints, xli.} ,

A moderate degree of lateral curvature of the spine, usually
associated with some kyphosis 1s very common. To the mexper:-
enced, the unusual position of the shadow of the spine may at first
introduce difficulties m diagnosis on screening. Except for this it
has no importance.

YWhen the curvature amounts to a defornuty it s of eardiological
interest. , Above the diaphragm pure scohiosis with convesity to
the right is commoner (1, 2). When this is present the left border
of the heart tends to assume the generally convex outline associated
with mitral stenosis (2, The lieart tends to be displaced some-

what to the left. Tlus may simulate enlargement (3}

.



CHAPTER VI

THE HEART AND CIRCULATION

- In Pregnancy, Thyroid Disorders, Mytxmdcmn, Anzmia,

Polycy(ha:mi’a .

Ix this chapter several diseases ate considered together, which
Thare not, at first glance, much 1n common. RBut this is less the
case than 1t appears. Both in thyrotoxicosis and pregnancy the
Teart is overloaded, and there are more or less pronounced changes
n the hemodynatics of the circulation. The,same applies to
_anwmia, where there are, in addittun, pathologienl elianges in the
myocardium. How far these last occur in myxedema may still
+he uncertain; but the ewculation m general is much affected.
Polyeythema vera provides a contrast to these last two.

The Heart and Circolation In Pregnancy |
There are tno distinct problems in eases where heart disease

1s complicated by pregnancy ; the first is whether it 1s safe to

allow the patient to become pregnant ; the second is the manage-
eent of the case during pregnancy and labour,

Effect of Pregnancy on the Normal Heart. There is an
increase w the blood volume (1). This s found both in the plasma
and the total blood It starts early and reaches its maximum in

the munth lunar month, decreasing a Little in the last few weeks,

‘The mcrease 15 1n the region of 13 per cent. {2).

The output of the heart 1s increased. This starts i the fourth
month and may wncrease to 50 per cent {3) There tends to be a
decrease in the last month. These two adjustments are no doubt
associated with the merease m the arreulatory bed due to enlarge-

ment of the uterus and the formation of the placenta, Thereisa
wmerease 1n the arterigvenou

s oxygen diflerence, indicati
mereased nttfieatian a8 ave e Yee > indicating an
blc "

61
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are on the whole'much more prone to pulmonary infections than
“failure of the pulmonary circulation, ‘ ‘

2. Deformities of the Sternum. These take the form of
funnel chest or “Trichterbrust.” They are important because
their presence may lead to an incorrect diagnosis of heart
disease. Climeally it is difficult to estimate the size of the heart,

*vand often un the cases of deep sternal depression spurious
. *_enlary may be simulated. The heart is displaced somewhat
to the left and a little upwards. The narrowing of the space
between the back of the sternum and the front of the spine
cnuses the heart to become flattened. In the skiagram this pro-
dices o wide shadow with a full left border (7). (Plate 22,) The
flattening and consequent increase 1n transparency of the heart is |
' most noticeable in the moderate degrees of sternal depression. The
displacement is most conspicuous in the deep funnel types.
Examination 1n the oblique views will contradiet the impression
of enlargement seen in the anteroposterior view. Measurement
" with calipers shows that i cases of sternal depression the external
diameter from the bottom of the depression to the back of the
spine at the same level does not excecd 6} inches (8). Murmurs,
systohe in time, are not uncommon n these patients, particularly
in the pulmonary area. Not infrequently the patients are of thin
weedy build with poor musculature and small chest expansion, and
they have, in consequence, a poor capacity for vigorous exertion
and easily hecome breathless. But their hearts arc perfectly
.’ healthy and in no way mefficient because of the flattening. The
* danger is that an mcorrect diagnosis of heart diseasc be made,
owing to the spurious suggestion of enlargement, and perhaps the
“presence of harmless murmurs, with o result that the growing
‘child or young adult 15 forbidden activities which might improve
pis development, and he suffers all the other disadvantages of &
person with a defective heart.

‘
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enlarpement. There is often a systolic murmur n'\ the apes, :\!\;\
fhe nutral first and pulmonary second sounds tay be aceentuated.
There may be shght indentation of the u-%v?\\l\‘,:\h. \)y. the \’e(\.
surcle [1): "There ate therefore grounds for a mistake in diagnosing
mitral stenosis The pulse may suggest aortic reffux. Th? tendency
1o breathlessness and cedema of the antdes may be assigned to o
supposed Teston. .

‘Assessing the Risk. When the duagnosis of mitral s!u'umf,
for example, has been ascertmned, the capaeity of the patient’s
heart to go through pregnancy must be gauged. The response to
effort 15 the Tost important point.  Patients may Lie geaded n
three classes. . .

1. Those who are not lumted in their ordinary activities,

2, Those whose achivities sTe Testuieted; these may be suh.
dnided into those who are omly moderately aficeted, and the
severely wneapacttated.

3, Those who show actual signs of heart fmturc or hay e a history
of heart faslure. . .

The addstion of an gortic tesion to the mitral stenosis does not in
wstlf matter  The question of enlargement 1, lowever, important,
The less the better . and aoriic lesions tend to cause considerable
eénlargement (9), Auricular fibnllation 15 always a very scrious
comphieation (10)

When the patient 1s not a prumgravida, the expenence of the
fast pregnancy and the state of the heart afterwards, mve very
useful indications for the future course,

- Palients whose activities are restricted need to he judged
carefufly as wdiduals  The pownts to be considered are {1) the
degree of mcapaeity. Any woman whe cannot do her housew ork
should not undertake prepnancy. (2) The number of previous
pregnancies and what oceurred 1 them, (8) The age (11), (4} The
possibility of vest and rehief from hiouschold duties, The social
and econome status 15 mmportant here Dyspricea on exertion
m the early months pomnts to a constderable risk, and necessitates
a Teduetion 1 actinty  After the third pregnancey the nsk
Tises, even if the former ones have heen well tolerated, This
pont tends 4o introduge the age factor, fos after lhiny»i"ﬁc the
usk 15 doubled (ll).' The lesions are now usnally getting mo

severe, and labour may be prolonged.  When the o g more
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pulse pressure increases, as the diastolic falls a little. The Pos;
sibility of a sort of arteriovenous anastomosis existing in the
placenta has been considered as one of the eauses of these changes,
Tt has been noted that the venous pressure n the leg is considerably
higher than in the arm when the patient is supine; it seems .
unlikely that pressure from the gravid uterus is the sole cause, for
this difference remains in pregnant bitches when the abdomen is
opened,

The rate of the circulation, measured by cyanide, is not
incrensed. The lungs are rather more distended, therr fields
are wider on the skiagram, the costal angle becomes wider as the

,uterus enlarges, and the diaphragm nses  There 1s actuaily a
slight mncrease in the vatal eapacity, but the need for increased
ventilation outweighs this, and so gives nise to dyspneea (3). The
viscosity of the blood is slightly dimmished.

All these observations give physiologieal grounds for the long
ncccpte& conclusion that pregnancy mcreases the work of the
heart, quite apart from the mdirect cifect of the increase in the
weight of the body. There 15, however, some hightening of the
physiologicat load 1n the last month. The lower level of the fundus
of the uterus at this time assists respiration.

‘Enlargement of the heart does not normaily oceur. Hypertrophy
15 never found in other mammals such as bitches, cats, and guinea
pigs (6). The upward displacement and the ncrease mn the force

- of the beat has led to errors in this respect. The cleetrocardiogram
shows some degree of left axis deviation. It 15 not uncommon
to sce & Q wave in lead 111, with a negative Ty These tend to
disappear after pregnancy, for they are duc to upward anti-
clockwise rotation of the electrical axis of the heart. But they
may have been there before, 1f the patient is of stout thickset
build.

Incidence of heart disease in pregnancy. IHeart lesions seem
15 pecur 3n sbout 2 per cent of cases {7) (8) Mitral stenosss is
found in about three-quarters of these, Auricular fibnllation was
found in only 3 per cent. Paroxysmal tachyeardia 1s uncommon,
and does not increase the risk. Quinidine is not contra-indicated
ifi T TR

t lesions may be

fal s suggestion of
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B

;Eeds careful ghuging. Theliver may be difficult to feel. Engorge-

- ment of the jugular veins is important,’ but persistent basal®

ate the most significant,  Absolute rest in bed and
pita

* digitalss are needed. Ttisbestnotto interfere with the pregnancy.

The uterus will empty spontancously if the failure is severe {13).

1,avour ann Deavery, This is best done in Thospital or nursing,
home, Usually labour is casy. 1f the patient reaches term in
ovd condition, she may be expected 10 go through labour safely.
1f death oceurs at ot soon after delivery, prenatal care has probably
been madequate  Tlence wts extreme importanee. The first doy
post partum 15 the most dangerous (15). But a fatality at this
tune is unusual, 1f there has been failure, labour should be ns
short as possible  Farceps may be applied as soon as full dilatation
has occurred. If there 1s any obstetrical reason for supposing that
1abour wilt be difficult, Casaman section should be done,

Arrer ErrEcts of PrEoNaxcy ox mue Heart, 'Probably
miost women with heart discase can have one or two children
safely, particularly in the early twenties. Repeated pregnancies
tend to cause breakdown  But 1t 1s remarkable Liow often one sees
patients n the forites, in the later stages of theuraatic heart, dusease,
who have had several chuidren snd becn none the worse. The
interval hetween pregnannes 1s an important point ; 1f short, the
Tisk increases. But the matter does not end with parturition, The
tare and reaning a family 1mposes a stress and stran which is
pro‘babl)' more sesere, in these days, than pestation and labour.

Stentizsamion,  This o mdieated f there has been failure or

threatened failure  If one child has been achieved. nerhans with
@iffieut* <t -

rate fc !
and b |
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exertion is normal, the patient may become pregrmnt and go
through without harm. ~

INDICaTIONS For Promprrivg Prea xey. There are three
absolute indications. Jfeart fmlure, auricular fibrillation, and
active theumatism. The last is only & temporary contra-indication,

Management of Pregnancy. This falls mto two periods. - The
first is up to the sixteenth week when abortion is comparatively
casy. The second is the later period when induction of labour 1§ &
serious procedure, and ‘generally to be avorded.

In the early months the patient shonld be kept under c'lrcful
observation, so that any indications of commencing heart faiture
arc noted. Iull instructions of the daily regime, with an afternoon
rest and a long night i bed, must be given, With some paticnts
very detailed mstructions are essential, Undue increase in dyspneca *
and crepitations at the bases of the lungs are the first indications
of approaching breakdown. If fmilure threntens, the patient should
stay 1n bed and be given a full course of digitalis.

In the middle months of pregnaney a sudden acute failure with
intense engorgement of the pulmonary circulation leading to
severe pulmonary cedema and hydrothorax may take place. This
1s due to farlure of the left auccle, labouring under the load of
increased blood volume and raised right ventricular output, to
overcome the mitral stenosis (12). B

Indications for Terminating Pregnancy. If the signs of
failure come on 10 the early months, the pregnancy should be
terminated as soon as they have been cleared up, Sterilisation
can be done at the same time. Abortion should be performed on
any patient in whom the contra-indications for pregnancy given
above are present, when seen for the first trme, Termmnation
should be considered 1 a multipara who has had difficulty in the
previous pregnancy.

CARE DURING THE Later Montas. The same preeautions should
be maintained/ During the last two months, a day o week in bed.-
is wise, The heaviest load 15 m the seventh and clwhth months,
About this time failure 1s ikely to come on. Often it may be wise
to confine the patient to bed dunng the last two or three wi ccks.

. The “last straws’ are over-exertion, fatigue, and inter- current

infections such as influenza or bronchitis (13). As most healthy
patients are now dyspneeic, the abnormal increase in seventy ,
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Nat thyroxin acts diectly on the ranscle fibres is proved by t))’e
nerease 1n Beatwg it produces m‘cmhrynn'm hearts, berorc. e
jerves iave formed. Even in fragmentary tissue cultures ﬁb’rﬂh\-
dom has been induced {6} It seems Tikely, therefore, that the
over-action of the htart 18 not just a response to rfuse'\ metabholism,
but the result of direct achion of thyzoxin on the l}tm’t muscle (7).
Effects on the Peripheral Circulation (8). Alithe m:ﬂfod.s
of estmating the civeulatory rate agree i showing that ﬂns. is.
increased. There 16 an increase 1n the volume of the cireulating
blood fo as much as 40 per cent. {9) This change appears to he
associated with the merease in the eross-section’ of the vascular
bed, due to the gencral vaso-dilatation. Studies with the plethysmo-,
graph show that there is an increase i the average Now of Liood
in the forestm and leg at rest {10}, The peripheral blood flow is.
thus increased, and more blood, reaches the okan, which 1s flushed
and warm. When histamine is pricked into the shin the opening
up of new capillaries 1s relatively shght compared with these of
controls, suggesting that nearly all are already open (11). This
may be a means of climhating the wncrensed heat furmed as
result of the rased metabolism  After exercise there is a much
greater flow of blood to the periphery than pormal: the mustles
niced fiiore oxy gen, as shown by the inereaved amonnt used (12},
The peripheral resistance 15 Jow. The sy stohe pressure 15 nsually
ratsed, due to the increase m the foree of the heart beat. The
diastalie pressure 15 vanable, sometimes low, sometimes raised,
The pulee pressure is, in any tase, Wugh, These eavses aceonnt for
the bounding character of the pulse. A “capillary pulse” in the
small venules can usually be scen. The rapid flow of blond leads
to & decrease 1n the arteriovenous oxygen dilterence, There s an
nerease it the rate of the return of the blaod to the heart,
e\::::‘):;‘: appear that the chief arrculatory adystment achieves
) pation of heat, so that the temperature of the body,

mdasured 1n the rectum, 15 kept constant. In addition, the extra
demands of the tissues for oxygen are satisfied. An inerease 1
the vital capacity of the lungs allows for extra ventiation )
All these changes are paralle) to the r1se 1n the BALR, '
Abnormalities in the Heart. by
easy 1o determine the size of

Chmeally it 15 by no means
force of the apex beat sy,

f the heart, for the increase in the

fgests enlargement, 1t is sometimes



“17e ) THYROID DISORDERS . -

12, BraMwELL, JOXFs (1944). Bnt, Heart J, 6,129

A3 Hamwron (1937). Amer. Heart f, 14, 653 -
14 Doxovax (1936) Brit med J. 1,104

15. HorrMan, JTEFLRSON (1942)7 Amer ], med, Sei , 204, 157,

The Heart and Circulation in Thyroid Disorders

“There is one malady which I have in five enses seen coincident
with what appeared to be enlargement of the heart ... the malady
to which I allude 15 enlargement of the thyrod gland.” (C. .
Parry, 1825.)

Hyperthyrodism has a profound effect on the heart and
arrculation, The merease in the basal metabolism that thyrotosi-
costs produces sets the aclivaties of the body at a high level, so
that there 1s an mcrease in the demand of the tissues for oxygen.
This 1s miet by increasing the flow of the hlood

Effect on the Function of the Heart. The rate of the heart is
wereased.  The tachyeardia 15 persistent. There may be some
slowing during sleep, but observations with the cardiotachometer
over long periods, show that the rate 1s always higher than normal
(1). The sleeping rate tends to be merensed in proportion to the
“basal metabohe rate. The response m the rate of the heart to
emotion and exercise is exaggerated and prolonged.

The output of the heart mereased up to 30 or 100 per cent m
the minute (2). On muscular effort there 1s an abnormally high
and prolonged nise n the output (3). But when failure comes on
the heart may not be able to increase 1ts output to tins degree (4).

Clinically the abnormal force and vigour of the heart beat are
familiar enough. The sounds are excessively, loud, especiaily the
first sound at the apex. In addition there may be superficiad
clickmg or scrateling noises audible. espeerally over the base in the
pulmonary area. These sounds appenr to be produced m the.
pericardial sac by the abnormal vigour of the heart beat. They
may be met with apart from hyperthyroidism.

Systolic murmurs are often heard at the apex, sametumnes of the
car(im-respimtory type. Usually they differ in quahty from case
“to ease, and tend to change with posture.

- Perfusion experiments have shown that there is a direet response
of the heart to thyroxin (1). The rate of beating remamns fnst

in animals under the influence of thyroxin, even when the sinu-
auricular node and the bundle of s have been destroyed {5).
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Heart n Thy rotoxicoss.
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possible to detect an
increase 1n the pulsa-
tion of the pulmonary

the size of the pulmon-
ary artery. Actually
in mild and recent
cases, examination by
X-rays shows that the
heart is normal in size
and shape. But when
the symptoms are sev-
ere, or of long duration,
the left border of the
heart becomes straight
awing to an increase in
the prominence of the

T, 27
Outline of heart shadow of elderly patient
with  thyrotoxicosis  (BM R +45), and  pulmonary are. (Fig.
: auricufar fibnilation 27) Ti th &
27). he outline

thus becomes somewhat sumlar to that of nutral stenosis. There
is a dilference 1n that the left ventricle may be enlarged too, <o
that the heart becomes like & ham n shape. There is no
-enlargement of the left auricle. The right auricle may be
dilated. (Plate 23) In one series, at autopsy almost half the
cases showed enlargement (13). N

1t is not common to find pathol 1 changes on microscopi
scetion, Necrosis, cellular mfiltration. and fibrosis Kave _been
deseribed, but they are not constant, and are probably due to
causes other than thyrotoxicosis.

Auricular Fibrillation. Thyrotoxicosis 1s an important cause
of auricular fibnllation. Aurcular flutter 15 not uncommon. In
one large series one-fifth had auricular fibrillation (14). Severe
eanses fibritlate sooner than mild  The hanlity to fibrillate depends

1

. on the age of the patient ; under thurty it is rare, but 1t is much

more common in the elderly, most cases oceurnng between fifty
and seventy (15); the nedular vanety of gotre found in the
elderly is more prone-toit : the onset depends also on the duration
of the hyperthyroidism. It is not uncommon for elderly paﬁfn!s
to have had o mild degfec :nf‘ thyrotoxicosis for a long time.

area due to increase in °
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The attacks are often pmoxysmnl‘at first; the disease was .tlu-
cause of 15 per cent of cascs in one series of paroxysmal ﬁbn“n\.mn.
Later the paroxysmal attacks are replaced by permanent ﬁbr{lln-
tion {16). Fibrillation not uncnm_mon\y comes on after opem\tm\.
Thyrotoxicosis causes about 7 per cent of alf eases of fibnilation.

Angina and Hyperthyroidism, Most patients complawn of
palpitation and dyspncea.  Angina pectoris sometinies occurss.
These are elderly patients in whom there is coexistent coronary
disease, which the overwork of the heart renders more harmfut.

Masked or Latent Hyperthyroidism. - Although dstinetions
have been drawn between the hyperthyroidism of younger wonien

. {Graves' disease) and that of elderly patients (Plummer’s disease),
it seems that the mam features are the same. It is not the discase
that is ditferent, but the patients. For this reason hyperthyroidiun
in elderly persons i3 often overlooked. These patients are lews
prone to show exophthalmos. The eyes, nevertheless, may show
some retraction of the lids and a peculiar stare, & “ghttering cye.”
‘The goitres are often very small, but the gland is hard and nodular; |
often 1t 1s largely below the sternum. Loss of weight is invarialle
and most imaportant. Subjective symptoms may not be sugrestive.
The demeanour 15 jerky and there is usually tremor, The skin 15
vnusually warm and moist for an old person. Cald is remarth-
ably well tolerated, and but few bed clothes are required. Transient
glyeosuna should avause suspicion {17). The most constant signs
are found 1 the eardiovascufar system  The fast bounding pulse " *
and overaction of the heart are always present. An nnexplatned
fibrillation 1s very common. The result is that these cases may
progress to heart failure unless the diagnosis is made, for the
elderly heart tolerates hy perthyroidism badly, and fibrillation soon
leads to failure. In addition to this the grave detenoration i the
general health may severely diminish the possibility of enre.

F1LECTROCARDIOGRAPHIC CHANGES. There are no ('hame!erlstic
changes. Sometimes R waves are high and T waves Xagperatod
(18} or there may be shight inversion of T in loads 11 ‘and IIT,
There 1 no relationship to the grade of h}-perlhyroldismjng;
prt?gnostlc sigruficance.  Abnormal curves show the presence of
lcsxonsvdue to other causes; 1n this res;

Treatment, This mustaym at ehrmn:
hyperthgrordism,

pect, they may be useful,”

ating the toxse effect of t};
If there is fibrillation the need js alt theomex‘-s
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reactlons’ inelude fever, drug rashes, adenitis, and joins pains.
Wath the recent preparations toxie effects appear tobe qx.utc rarc.
Some patients can tolerate the propy ! or methyl preparations » ha
are sensthiwe to others. When-toxie reactions occur, the drug must .
be discontinued, but 1t may be possible to start again with Ll?scs
of 0.1 g. daily, and by ncreasing the dose gradually to obhur} a
satisfactory result. This does not apply to agranulocytosss, which
is & bar to further treatment. The chief danger scems to he
precipitation of toxic effects by some acute intercurrent infection, .

. -particularly of the throat. Pencarditis and complete heart block

have been recorded (21)

SuGESTED PROCEDURE  Sinee it s clear that a thiourseil
preparation 15 usually the best means of overcoming excessite
actty of the thyrowd gland, every case of thyrotoxicosis will
be treated with some such drug, whether the ultimate aim is
control, and perhaps cure, by means of the drug along, or to make
the patient as fit as possible for operation. It seems hikely that
early cases i young women without much enlargement of the
gland may be brought under control, and perhaps restored to
normal health by the thuouracil preparation slone. If the con-
dition 1s severe, and the gland much enlarged and very vascular,
1t 35 unlihely that thouracil will cure, In this case the drug will
be used to reduce activity as much as possible, and when 1t is fclt
that the mavmum benefit has been achieved, the drug will be
discontinued, and a course of todine given for the ten days prior
to operation. In elderly women with nodular gortres a tluouracil
preparation may sometimes sueceed, but when the gland is very
large, operation 15 almost ccrtamly hkely to be needed, -

Ifauricular fibrillatinn re neaenne 41 i A
to be controlled by d .
thythm may come b

often requyre tobe la ' - ’

m spite of alleviation of the thyrotoxicosis, a course of qm’mdine
may be gven. If a state of heart failure has been reached, it will
be necessary to treat this before operation 1s considered, O ,cra!'
will almost certainly be required 1n such & patient, n;r dp o
vis heat, falare eontramiicate 1t, i fact the rey 'crlse is 3‘:‘ L
The general health of these elderly patients 1s often o,
and they are bad operative risks from ther o ST POOT,
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urgent. . Until Iately subtotal thyroidedtomy after prehminary
iodine therapy has offered the best chance of suceess. Astwood’s
discovery of the cllicacy of thiourea has opened up possibihties of
the greatest importance. The disadvantages of thiourea have been
diminished by the introduction of thicuracil, and it seems possible
that the methyl derivative is more effective and less tonie.. No
doubt we are only at the beginning of a semes of preparations that
will prove still more valuable ; many are on trial i America.

Meruys Tuiouracit.,, The dose 1s usually 0.2 gramme thrice
daily, though some prefer not to exceed 0. 1 gramme daly. The
waintenance dose 1s from 0.1 to 0.2 daily, but patients can some-
times manage with less. The latent period varies according te the
dosage employed, but 15 a few days shorter than with corres-
ponding doses of thiouracil (19). In a large proportion of cases the
activity of the thyrod 1s reduced, patients gain weight, and lose
their symptoms ; the B.MR. falls, As the saturation point is
reached the gland may increase in size, and later on signs of
myxadema may appear. Some observers have found that the
diffuse hyperplastic gland responds Dbetter than the nodular
goitre (20, 21).  In one series with the methy! derivative there
were no toxie elfects (22), and i another they were fewer than
with thiouraeil {19). In a third with the latter there were also no
toxie effects (20). In qute a proportion of cases, probably about
two-thirds, auricular fibrillation clears up (23). If 10dine has been
given beforchand the effect of thiouracil preparations appears to
be delayed (22).

Propyl thowacl may replace the methyl preparation, and
others are on trial. The dose of the propyl dervation is
50 to 75 mg. daily; the effect 1s np{mrcut m about four days.
The maintenance dose 1s 25 to 50 mg. daily. No il effects were
nated m 52 cases ; some of these had shown toxic reactions with
thiouracil (23). Somewhat similar results are reported in a series
of 54 cases, 13 of whom had nodular goitre. There was one in
whom the fever of drug therapy developed (26). The immediate
~ results compare favourably with those of surgieal operations.
Time will show the later effects (27).

Toric Reactions. The ouly dangerous toxie reaction

Ths 15 rare, but may develop at Any stage and
clls, Other

is

agranulocytosis. v
makes it necessary to keep a watch on the white ¢

e Twl
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The Heart and Circulation in Myxedema ‘

Ths subject provides an wteresting contrast to the findings in
hyperthyroidism, Mild degrecs of myxadema are probably not
uncommon, and the more severe types often escape recognition.
The onset of the symptoms 15 so gradual, and the alsence of acute
disorder, together with the dulled appreciation of the subject,
make the patients unhikely to seck medical adsice. It is only in
the more pronounced degrees of hypothyroidism that the “myx-
«edema heart” 15 likely to be found. It 15 important to appreciate

the possible features of this condition, otherwise the diagnosis may
be missed and the chance of an early cure lost,

The climieal pieture 15 familiar enough  The heavy, pulfy,
expressionless face; with waxy pallor, and yet curfously brght
pink cheeks; sparse, dry hair. dry shin, slow, dull mentality and

eroaking voice , somnolence, fatigue, and dishike of cold make an
ensemble that should he easily recogmised. .
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»
prolonged course of thiouracil, if tolerated, may give them a
chanee to improve the state of their general health sufliciently

, for operation, Some patients dislike the thought of operation;
they prefer to usc thiouracil, and may be prepared to continue |

it indefinitely should this he found necessary, There are some
who, after six months ar so, are able to leave olf the drug and
remain in normal health; there are others who tend to relapse.
In these instances, operation might be suggested, should the patient
feel inclined to face 1it. or dislike the wdea of taking the drug
indefinitely. Although it 15 true that such drugs as digitals are

taken regularly for years, it seems that the thyrotoxic temiperament -

does not like persistent medieation, and a certain undercurrent
of restlessness, and anxiety about the ultimate cutcome, makes
them unsuitable subjects for prolonged use of the drug.

In a disease so protean in its mamfestations as thyrotoxicosis,
where so many variable features present themsclves, ne hard
and fast rules can be laid down. Each ease must be considered
individuaily, every important factor being duly weighed.

Thyroidectomy. Before operation the usual course of iodine for
ten days should be given. Tlus appears to lessen the habihty to
haemorrbage (19). It should be continued after operation as usual,

for ten days. Thiouracil should be discontinued before miving the -

sodine. The previous admimstration of thiouracil does not mterfere
with the todne effect. If odine has been given previously, the
effect of thiouracil appears to be delayed (22). It 1s important to
select an optimum moment, at the time of full medical control.
Avertin or paraldehyde and gas and oxygen are the most smtable
anwmstheties. Rectal ndmimstration may make 1t possible to conceal
the actual day by previous tral enemas, 1f this 1s thought to be
best for the patient.

Other Drugs. The amimo-benzme preparations scett to be more
toxie than the reecnt thiouractl, and have no particular benefit in
themselves. 1t remmns to be scen how far radioactive tadine will
control the thyroid gland. 1t appears not to be toxie, and may
perhaps prove the ideal line of treatment in the future. .

By whatever means 1t be nchieved, elimination of the thyrotoxic
effect relieves the heart of its disability, and a return to nornl
cfficiency can be expected in due conrse, provided no associated

Jesions arc present.
.
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The Heart and Circulation in Myxwmdema v

This subject proswdes an interesting contrast to the findings
hyperthyrondism Mild degrees of myxadema are probably not
uncommon, and the more severe types often escape recognition,
The onset of the sy mptoms 1s so gradual, and the ahsence of acute
disorder, tngether with the dulled appreciation of the subject,
make the patients unltkely to seek medical advice. It is only
the more \ degrees of hypott dism that the “m3x-
dema heart” s lkely to be found, 1t 15 wmporiant to appreciate
the posuible features of this condition, otherwise the diagnosis may
be missed and the chance of an early cure lost.

The clireal picture 1 famibiar enough. The heavy, pully,
expresvionless face, with naxy pallor, and yet curjously bright
pok dhechs, sparse, dry hair; Ary shan, slow, dull mentality and

croaking vowce,, somnolence, fatigue, and dishike of cold make an
ensemble that should be epsily recognised.
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!
prolonged course of thuouracil, if tolerated, may mve them a
chance to improve the state of their general health sulliciently

, for operation. Some patients dislike the thought of operation;

they prefer to use thiouracil, and may be prepared to continue
it indefinitely should this he found necessary. There are some
who, after s1x months or so, are able to leave off the drug and
remain in normal health; there are others who tend to relapse...
In these instances, operation might be suggested, should the patient
feel inclined to face 1t, or dislike the 1dea of taking the drug
indefinitely. Although it is true that such drugs as digitalis are
taken regularly for years, it scems that the thyrotoxic temperament

- does not like persistent medieation, and a certan undereurrent

‘of restlessness, and anxiety about the ultimate outcome, makes

them unsuitable subjects for prolonged use of the drug.

In o disease so protean in 1ts mamifestations as thyrotoxicosis,
where so many variable features present themsclves, no hard
and fast rules can be laid down. Each ease must be considered
individually, every important factor bemg duly weighed.

Thyroidectomy. Before operation the usual course of 10dine for
ten days should be given. Tlis appears to lessen the habibty to
hemorrhage (19). It should be continued after operation as usual,
for ten days. Thionracil should be discontmued before giving the
jodine. The previous administration of thiouracil does not interfere
with the iodine effect, If 1odine has been given previously, the
effect of thiouracil appears to be delayed (22). It 15 mportant to
select an optimum moment, at the time of full medical control.
Avertin or paraldehyde and gas and oxygen are the most swtable
anwmstheties. Reetal admumistration may make it possible to conceal
the actual day by previous trial enemas, if this 1s thought to be
Dest for the patient.

Other Drugs. The amino-benzine preparations seem to be more
toxic than the recent thiouracil, and have no particular benefit in
themselves. Tt remains to be seen how far radioactive jodine wilt
control the thyroid gland. It appears not to be toxic, and may
perhaps prove the ideal line of treatment in the future.

By whatever means it be achieved, elimimation of the thyrotoxie
effect relicves the heart of its disability, and a return to normal
efficicney can be expected in due course, provided no associated

lesions are present.
.
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Cart{\ac Leslons. The ;\:\thologiml changes in the myocardinm

" are vamable. In some cases very hittle has been found, in others

a good dent, Interstitsal erdema has been deseribed (8). The libres
of the heart muscle may be swollen and appear to press on the
capiilares {9) Mydropic vaeuolation has been noted, ‘TI\“ loss
of striation and fragmentation, the staining reaction being poor
and variable (10).

Ischamic fibrosis s csmmon ; this 15 due ta the atheroma of
the coronary arteries, to which the high Jevel of the cholesterol in
the blood no doubt makes the patient prone (11). Macroscopically
there may be moderate hypertrophy, and the muscle is pale and
rather soft. It will be seen, therefore, that in a propartioh of cases
pathological changes apparently peeuliar to the disease may be
found, but due allowance must be made for associated causes,

stch as ischerma, hypertension, and slso for ancmia.

Pericardial Effusion The presence of pericardial effusions in
some cas¢s has aroused some speeulation as to how far they may
be responsible for the inerease in the heart shadow revealed by
X-rays, The presence of a considerable effusion has been proved
by paracentesis (12) The pressure has been measured, and shawn
1o range from 410 and +10 mm. of water. This 15 the same as
observations on pleural effusions {13). Ascites may be present
too, with enl of the Liver,
tamponade (14) (See Plate 16.} -

‘Treatment with thyrod causes the effusion to disappear (15), but
digitalig may be needed if there are causes other than nmiyxadema,

A's the effusion may recur 1f treatment be discontinnad thic

g & mild degree of

4 wv e Lauos LUt has heen found (1Y),
CardlacEnlargement. It well nown that the heart slla(fo\v
may be greatly enlarged The beat 1s fecble and languid. In some
«ases the merease may be duc to dilatation, but i the grosser
tnereases the possibility of effusion must be remembered. Typer-
tension is not uncommon 1ngether with myxadema, and this may
calise sonle ncrease 1 size, : o
Exen if the dilatation js great

returs a T
It would appear that ’_”Emhk’ 7 to normal 1s possible {16).

enfargement, due either -
tion or effusion, or both s 1o - to dilata.
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180 HEART AND GIRCULATION. IN, MYXGDEMA

,Changes in the Girculation. When the basal metabolic rate
is low, the skin is cold and dry, There is a decrease in the peripheral
blood flow, per square metre of body surface per minute. As a
result there is.a diminished flow of Dlood to the skin (1). The
capillaries themselves are affected. Mieroscopical study shows
that only relatively few are open, and their loops are narrow (2).,
By means of the intravenous injection of fluorescine it has been
possible to show that they are abnormally permeable, for an
excessive amount escapes even though the number open are few
(8). The increase may be in the region of 130 to 165 per cent.
These changes may afford an explanation for the presence of true
cedema (1),

The dimmution of the flow of blood to the skin has the beneficial
effect of conserving heat, which ean 11l be spared when metabolism
is reduced. It is the very opposite of the state of affairs in hyper-
thyrowdism,

The arteriovenous oxygen difference is ercased ; ths js linked
up with the considerable slowmng of the circulation. The cireula-
tion is too slow to supply enough oxygen, but the requirements of
the tissues are low. The cardiac output falls anythung from
twentyfive to forty per cent.

The fall in output 1s shown 1 the decrease i the stroke and in
the minute volume, for the rate of the heart 15 slow. It has heen
estimated that only 1.4 per cent of the output went to the shin |
when the patient was ill. Later this mereased to ¥ per cent (3).
The volume of the circulating blood is reduced by about 14 per..
cent. The level of the blood volume 1s related to the oxygen
requirements of the vessels, and as these are low, the diminished
supply is not harmful (6). The opposite 15 the case in hyper- .

« thyroidism.

- There may be quite severe anemia; simple by perchromie,

hypochromie, or Addisoman hyperchromie, the red cells ranging
'+ from 23 to 3 milhon (7). How far the ancmia may nfluence the
cirenlatory changes had not been worked out; probably not at
» all, in view of the lowered oxygen requitements of the tissues.
The cholesterol in the blood is igh, and keeps faurly parallel with

the basa) metabolic rate. .
All these abnormalities will clear up under thyroid medica-

- ton. N
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is the presence of a perteardial effusion, which may cause fow
V' ves, . .
‘-Oglnng;l‘;:‘ t‘:crc must also be considered the p()ss.lhli::‘} . ,(::
assaciated coronary disease and the el‘{rch of nn.‘c.n{m on the
myocardium. The conclusion 15 that skin, myocardial nn‘ pr:'v
cardial factors may all operate together, or singly, to cause ¢ \‘:;‘ :,T
n the cardiogram which clear up under thy rod mcdlmfhm\. ||‘:‘:
may predominate must vary from ease to ease, The fact ren;u
that chatacteristic curses are found m most eases of myxadema

~

From a case of mysedema

From the same atter taking
showing flat T waves

thyroid, showing increase
o T waves

of any seventy. 1t 45 mteresting to note that the flat or
T waven hypothyroudism may become upright after the
tration of potassium {en

Congestive Failyre, The may be found when  severe
myxadema has been present for some time, Actually 1t 15 very
tare, despite the presence of grass changes m the heart (]8—).
The hemodvnames of the eireulatory fadure ¢y these eases have
not been worked out It would be interesting to know what
happens ta the blood volame ang the venous Pressure  The
lowered demands af the tiscues tolerate an eflicient eirculation,

negathe
adminis.
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-Cardiac Pain. It seems rather a paradox 'that there was a
vogue a few years ago for inducing myxedema by total thyro-
idectomy to relieve angina pectoris, and yet thyroid may be given
to patients with myxceedema to cure the same symptom. Peel {17)
has distinguished two types: one is the usual pain typical of
angina of effort. This appears to be associated, for the most part,
with independent coronary disease, The other 15 a more persistent
dull precordial ache, wluch 15 rehieved by thyroid medieation and
presumably not of cardiac orign. A sunilar symptom has been
‘oted by Campbell and Suzman (18). One explanation of the
cardiae type of pain is that myxadematous changes are associated
with the coronary disease which aggravate the ischzmia due
to the vascular sclerosis. This will be eleared up by thyroid (19).
It must be borne in mind that thyroid may mcrease the efficiency
of the heart and so improve the coronary circulation. On the
othier hand, the demands and work of the heart are also sncreased.
Possibly the balance between these two results determines whether
thyroid relieves the liability to angina for a tune, or makes it
worse ; which 15, 1n fact, sometimes the case (17).

Abortive Myxcedema Heart. A varicty with atypical
precordial pam has been deseribed by Zondek (9). Tt 1s less
common than the others, hut its occurrence has been confirmed
(17). These patients lack the obvious stigmata of myxcdema;
but the basal metabolic rate 15 low and the cholestero! level n the
blood 1s high. The cardiogram usually suggests myxaedema, The
pain is a continuous dull ache. Thyrod reheves the symptoms.

Cardiographic Changes. These are often very characteristic:
P waves arc small, there 1s low voltage of Q R S, and the T waves

_ arc flat or shghtly mverted. There may be shight slowing of

auriculo-ventricular and mtraventricular conduetion (Fig. 28).
Under thyroid medication, 1n a few weeks these abnormalitics
tend to disappear. Their precise cause has been a matter of debate.
One possibility is that the changes in the skin causing wcrease of
resistance give rise to them. By inserting needle clectrodes under
the skin deflections of rather larger voltage are obtamned But this
’ ocotirs to some extent in healthy persons. With special apparatus,
- the amplifying electracardiograph, wiich measure potentials, the
deflections are still found to be small (20). Tlus ohservation shows
,that skin changes are not entirely r ible. A further possibality




« CONGESTIV'E P.ULURE ©oas
15 the presence of a penicardial elfusion, which may cause low
1oltage curves N
« Finally, there must alo be considered the possAﬂnhh of
associated coronary discase and the cffects of snxmia on kh.c
myocardum.  The conelusion is that shin, myoeardial and peri~
cardial factors may all operate together, or smgly, to cause chf{n;}rs
w the cardiogram which elear up under thyrod medication, Whieh
may predominate must vary from case to case, The fact remains
that characteristic curves are found in most cases of myxadema

~

Tic 2s
Trom the wame atter taking

From a case of myxeedema,

showing flat T wavcs thyroud, showing inerease
in T wavey
of any sevemty It i Interesting to note that the flat or negatine
T wave in hypothyrodism may become vpright after the admints.
tration of potassium {21)

Catgestive Failure, This may be found when severc
mysadema has been present for some tune, Actually it iy very
rare, despite the Ppresence of gross changes in the heart (!83

he hatmodynames of the erenlatory farlure 1y these cases Inv(‘l
not heen worked out, It woul be Interesting to know \v} at
happens to the klond volume and the Venous pressure, 'lll
lowered demands of the tisues tolernte an tnam o . ot Ahe
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Treatment. All obscrvers ngree that thyroid medication
provides a cure in most eases. But sometimes a patient very far
gone in the disease fails to respond. There is general agreement
that the imtial doses of thyroid should be very small, perhaps only
Y-grain of the dry extract daily, The amount should be increased
cautiously, in order that angina may not be provoked, The
optimum maintenance dose is usually about two or three grains
daily, but it may have to be more. Oceasionally resistant cases .
are met with which need much Inrger doses.

Apart from the possthility of nssociated coronary diseasc the

" prognosis 1s good. If there is liability to angina, a mild state of
myxeedema is beneficial and should be maintained.
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‘ The Heart in Anzmia

In anerma the capacity of the blood to carry oaygen 15 reduced.
When this falls below a certain level for any length of tiue patho-
logical changes oceur in the myocardium and there are also
profound changes i the circulation.  The result 1s that a discased

. heart is overworked.

The enitical level i the hremoglobin belaw which these changes
become apparent 15 between fifty and sixty per cent, or about
seven grammes of hemoglobin per hundred cubic centimetres (1).
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Myocardial Degeneration. ~ The fan_v/dc;zcncmﬁon of the
myocardum has long been recognised 1n the post-mortein room.
The Teart 15 extraordmarly flabbhy. - The wusele has lost oll
‘resthence. Tt 15 pale, greasy and friable; the fatty streaks are
under the end d of the ventricles, which may
appear somewhat dilated. No doubt the degree tn which these
e apparent depends on the duration of the anemia. There may
e some merease 1n the weight of the heart. -
Changes in the Circulation. These are adjustments which
may be dug to the demand of the tissues for oxygen, and in 6

oxygen-
carrying capactty of the blood. N .
The pressure in the right auricle is wnereased, when snensured
by the intracardiac catheter, up to 8 to 12 cm. above the angle of
the sternum with the patient lying supine. (2). Thisisin agreement

, with the chimeal observation that the veins in the neck may be

conspicuously engorged It must be noted that other observers
have not found this rise 1n right auricular pressure ().

‘The rale of the tirculation, measured from the arm to the face
(histamine} is increased (3).

The cardiae output is i d
methods and confi

ding to carher inhalati

d by auricular catheterisation. The rise in
litres per mintute may reach double the normal level. This high
level may be 1 some degree assaciated with a tendency to an
increase 1n the heart rate, The raised venous pressure 1s Dikely to
be associated with the rise in output. ’

At the periphery there is decrense in the resistance (1). The
pulse pressure 13 raised, so that the pulse is collapsing  Capillary
pulsation can usually be detected. The shan is warm, There is an
merease in the arterio-venous oxygen difference] so that the
percentage ubihization of available oxygen is high (4)  The blood
volume 15 decreased 1o half the normat figure, or even below {3)
This may not be & constant finding, as in one of Nylin's cas it
e shghtly Yased (8) The dummtion o che 1n e

_ . v gLt Tate
-1 g ssunt o the nse in output, ta which. ne denht st
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Treatment. All observers agree that thyroid medication
provides a cure in most cases. But sometimes a patient very far
gone in the disease fails to respond. There is general agreement -
that the mitial doses of thyroid should be very small, perhaps only
1-grain of the dry extract daily. The amount should be increased
cautiously, in order that angina may not be provoked. The
optimum maintenance dose is usually about two or three grains
daily, but 1t may have to be more. Occasionally resistant cases
are met with which need much larger doses,

Apart from the possibility of associated coronary disease the
prognosis 1s good. If there is linbihity to angina, a mild state of
myxordema is beneficial and should be maintained.
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: The Heart in An®mia

In anzemia the capacity of the blood to earry oxygen 1s reduced.
YWhen this falls below a certain level for any length of time patho-
logical changes occur i the myocardium nm'i there are also
profound changes 1n the creulation. The result is that a diseased

. heart is overworked.

The critical level in the hemoglobm below which these changes

become apparent is between fifty and sixty per cent, or about

seven grammes of hemoglobin per hundred cubic eentimetres (1)

’
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‘

Ererer or Transrrstoy. Transfusion has been the subject o.l‘ an
interesting study by Sharpey-Schfer (2). In riew of the raised
venous and nght suticular pressure this way be dangerous.
Whereas in normal hearts, a vise in the fithng pressure on the right
e Tesults up to a point 12 pise in output, in anemic hearts the
output tends to fall, The heart apparently cannot respond to
futther Tise, Pulmonary cedema may resuit.

In some cases transfuston seems to be very desieable, if there is
no time to lose I 1t 1s deaaded to transfuse, small amounts, up
ta half & pint, of concentrated red cells may be given stowly. The
1 cins 10 the neck should be examined earefully for clnical evidence
of rassed venous pressure. The patient shoulid be well propped up,
so that the venous pressure 15 nunimal ~ As dimtalis may reduce
venous pressure, it is reasonable to use this at the sume time, by
mtravenous mjection (12).

With the modern treatment for anemia, the effect upon the
urculation v of practical importance m two other connections.
It emphasises the necessity of heeping pabients with advanced
anamia nigidly at rest, sinee otherwise there 1 risk of sudden
death from beart falure, 1t suggests the advisabnlity of keeping
anemia 1 mind when a pabieat complatns of eardiac symptoms
for which no adequate cause can be found. In some cases of

mieroeytic by pochromic anwmia the state of the blood may be
overiooked, Tho ~---- - 3

SEEN AW 8 gooC
diagnosis easy
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y .
raised pressure in the right auricle also contributes. The cause of
this in the presence of diminished blood volumic is obseure, but
might be due to venous vasoconstriction.

Clinical Features. Fatigue, lassitude, giddiness, palpitation,

»are the minor symptoms.  The cardiac symptoms do not become
conspicuons until the level of the hamoglobin has fallen below *
50 per cent, Dyspncea then becomes troublesome, and about 2
quarter of the patients complm;\ of substernal pain on exertion (7).
This seems to depend on the Ievel of the hiemoglobin, for it
disappears when the blood improves, unless there 1s assoctated
disease of the coronary arteries. The dyspaca does not amount
to orthopnwa ; patients can lie flat, and the lung fields are clear.
Qceasionally there 15 mternuttent claudieation (7).

Puvsical Siens.  Cardiac Enlargement ean be demonstrated by
X-rays in a certam proportion of cases. It tends to decrease early
as soon as there 1s improvement in the blood (8).

Murmurs, These are usually systolic in time and may-be heard
at the apex or at the base. They vary a good deal m loudness;
usually they are soft and blowing, and change with alterations in
posture. It 1s supposed that they are due to duninution in the
viscosity of the blood (9). .

EBlectrocardiographic Changes.  The curves are normal in the
majority of eases. There may be o shight degree of heart block (7).
Slight flattening of the T waves may be seen. Low voltage of the
QRS bas been noted and somie depression of the RS-T junction
(2.11). A plateau type of RS-T, simular to that of coronary
thrombosts may be found. These mmor changes may return to
normal on improvement of the blood.

Hzart Farure. If the patient has been up and about with the
haemoglobin below 30 per cent, heart failure 1s likely to come on.
This is all the more likely to develop if there is a coexisting valvular
lesion, such as murtral stenosis. The hver and vemns become en-
gorged and the cedema appears.  There now may be orthopnaa.
The apex beat becomes weak and diffuse, and & gallop rhythm

. can often be heard over the nght ventricle. It seems th{y
that this side of the heart is predommnantly affected. Basal diastolic
murmurs may be audible. We have found these to be associated
with enlargement of the pulmonary artery. The fl‘ul‘urc will clear
up, and the mun’/nurwi“ hisapy when thel Increases.
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In the limbs. Associated with the large spleen, présumably, is
thrombosis of the splenic ven. In fact, in about onethird of the
cases vaseular comphieations arose (6}, These patients are prone
to gout. There is some association with erythromelalgin, .

Gaisbock's Disease. The association of hypertension and
polyey themia is obscure. Some think it may be fortuitous. The
constant absence of the splenic enlargement which may be to
conspicuous 1n the other type, 1s held to mark a dilference. The
greatly increased viscosity of the blood cannot be n deeiding factor,
although 1t is one theoretical cause for a rise in pressure. It must

. be noted that there is no tendency to a rise 1n blood pressure in

the Secondary polyeythemma of congemtal eyanotic heart disease,
but in this mstance, the capillary bed may be dilated. In thé
polyeythema hypertoniea there is albuminuria, and the usual
sequelz of high blood pressure, arterial and left ventmenlar

Dy pertraphy,
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The Circulation in Polycythemia .

Palyeytheemia vera (Osler's disease) may be reégarded ns a
primary type. The secondary varieties are met with in the cyanotic
congenital lesions of the heart, and sometimes in mitral stenosis.
emphysema, and after residence at high altitudes. A special type
of polycythemia vera has been associated with Ingh blood
pressure, Gaisbock’s disease, or polycythmmia hypertonica.

1t is in connection with polycythemia vera that the adjustments -

.of’ the circulation have been studied.

“The great increase in the number of the red cells, which may
reach thirteen nullion per e.m.m. ncreases the viscosity of the
blood. This may be twelve or thirtcen times as viscous as normal
(1). The blood volume 15 also much increased ; this is mainly due
to the fact that the cell mass is two or three times above normal
(2). The velocity of the blood flow from arm to tongue (decholin}
is lowered (2). The slowing 1s also apparent at the periphery in
the capillaries, for the arteriovenous oxygen difference s rased *
{3), and 1t can be seen that the eapillary rate of flow is Slowed
in the large tortuous eapillaries, where the ved cells pass in wide
columns stead of in single file (4).

Observations on the cardrac output have given conflicting
results. Stewart and others (8) have found with acetylene, that
the‘output is below normal for the patient. When the red count

[N

. fell the output rose. It was thought that the lower output was

compensatory for the abnormal state of the blood. It would .

explain why most eases have a normal blood pressure 1 spite of
increased viseosity ; 1t also tends to spare the heart reedless work.

. Inview of the high oxygen content of the blood, the tissues can do
s *with a smaller output. On the other hand, Altschule (1), using

ethyl iodide, found that the cardiac output at rest was normal.
There ‘was no slowing in the circulatory rate, and the venous.
pressure was normal. In some cases the vital capacity was Iow,
but this may have been due to other causes.

Patients with this condition are prone to show the Raynaud
i)l)cnomenon. Thrombosis is common, particularly in the cerchral
arterics; a migrating type of thrombosis may be seen. Coronary

. aeclusion-is frequent. This may oecur with minimal degrees of

vascular disease (5).’ “Qcclusive vascular disease is also common
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hearts vasa \nsorum are only preseat in the adventitia of the
coronary arteries, and the media is nounshed from them, and from
the blood in the main channel, But where an atheromalous y.\l:\q.m:
Tas formed and the ntima is much thickened, new capillarics
develop, These are usually derived from the vasa vasornm. hut
may grow 1n from the lumen of the vessel. The new capillanes
+ are fragle and liable to rupturc, and the artery then becones
narrowed by the Tesulting hamatoma, or by the extrusion of the
- atheromatous plaque into the lumen through the pressure of the
hrematomaformingbelundit - A thrombus forms easily on the sticky
_ surface of the protruding hmmatoma or atheromatous debus, aud
0 secondary | bosit the ocel of the vessel, Of
37 cases with occluston, 32 had an snitial capillary hemorrhage (3)
Srres OF INFarcTION,

Myocardial nfarets are practically
confined to the left ventncle, although a large infarct may extend
across the septum to involve the right side s well. Infarcts are
commonly found 1n two positions in about equal proportions ; in
the front of the left ventricle in the region of the npev, the anterior
infaret, when the antenor descending branch of the left coronary
15 usually involved, and at the back of the left ventricle near the
base, the posterior 1afarct, when etther the Tight coronary or the
ewcumfiex branch of the left is affected. Sometimes occlusion of
the latter attery grves rise to an miarct in the lateral wall of the
left ventuicle (lateral infurct) Infarcts may invade the septtum
llxtcrfering with conduction. A massive infarct may involve both
, anterior and posterior walls simultaneonsly .

Infarctions at g distance.  When there lias been progressive

nartawing of one eoronary srtery, the collatcral ureulation may
develop to such an extent that the n

thseased artery may rnma ¢~ ¥ - -

narrowing of the ar

the region at the ap

collaterals from the. ,gut ewonary, and veclusion of this arfery

may then cause an anterjor mfaret, ’
Other Causes of Ocelusion, Corossry EvBovisw, It is rare

for an embolus, such as o fragment from a 1cgetation or inl‘r'\-

nral clot, to entera coronary yessel and obskm;l it (5). Thmmlh'

round the aortic €usps in sy phafitic aortitis have don‘e 5o (6). '
AcuTE MrLapy INFARCTION of the heart has been ﬂptl*nl:nﬂ

huscle 1n the territory of the
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CORONARY OCCLUSION, CORONARY
INSUFFICIENCY, ANGINA PECTORIS

Tur association between Heberden’s angina and cardine
infarction has long been recognised, but recent work has brought
them so close together that they can now be considered a single
chapter.

Sudden occlusion of a coronary artery causes cardiac mfarction,
hut, if the process is gradual, the patient may suffer instead from
angina peetoris. Cardinc infarction may also take place withont
a coronary vessel being occluded, if the work which the heart is
called upon to do 15 out of proportion to the blood flow to the
muscle (coronary insuflictency). Lastly, a dufuse myocardial
fibrosis may arise as a result of the reeurrent phases of 1schemia
marked by attacks of angina of effort.

The Coronary Circulation
The coronary artefies vary m therr size and distmbution.  In
40 per cent. the left coronary, dividing into the anterior descending
and eircumfler branches, supphes the left ventricle, while the right
coronary supphes the righit ventricle  In another 10 per cent the
night coronary supplics also part of the left ventricle: while in the
remaming 20 per cent a considerable part of the right ventncle is
supplied by the left coronary. In this last group the meidence of
occlusion is high, and infarcts often prove fatal (1) The coronary
arteries are not, strictly speaking, end artenes, since fine com-
munications up to 40y n diameter exist between them in health
(2). These collateral branches increase in size greatly when one
of the main arteries 1s narrowed, so that much of its territory may

come to be suppliéd by branches from the other.
Mechanism of Coronary Occlusion. Less than one-third
of oeclusions are due to a simple thrombosis (3). In the remainder
the thrombosis is secondary to capillary hemorrhagg. In normal

v
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- Hfraing or Ivagers. The time which an ir}(:\rvt tnkes to heal
1) depénd wpon its size. The necrotic wmuscle is r}'plnccd by con-
nective tissue w fourteen days, but the formation of collagen

“ which consohdates the scar doey not occur untit the lhm.l week,

Small infarcts heal almost completely in o month. Large infarets

L usually heal wm two manths, though nlands of nccrol'fc n.xusclc
may remain 1n the Scar tissue (10) Estensive reeanalisation of
the thrombosed attery may take place.

Coronary Octlusion and Heberden's Angloa. ‘If the
narrowing of the coronary artery has progressed slowly, the final
occlusion may not result in an infarct. Such patients are Iikely to
suffer from cardiac pam on e\'erl’lon_ {13). In.forty easts of |
Teherden’s angloa d by Blamgart (2 Jusi or
natrowing of the coronary arteries were Sound in all, and multiple
acclusions 1o the majonity. In some cases congestive heart fallure
follawed s history of previous anginal attacks. In them, patehy
myocardial fibrosis was evident, which differed in its distribution
from that of an old infarct, and 1t seems that the transient ischeemia
.darmg an anginal attack may ead to fibrous <cars in the muscle {1).

Cardiac Infarction .

Predisposing Factors. .fge and Sex. Men are more liahle
than women n the proportion of three to one {18). Most attacks
oceur between the ages of 45 and 65, but a series of fifty cases has
recently heen recarded n soldiers between the nges of 20 and 33,
of whom 40 died {15}, ’ '

Hypertension is present 1n more than half of all cases, A fatwily
instory of coronary artery disease can be found 1n nearly one half,

Other Iattors. An assomation with dubetes 1 present in 10 per
cent  Polycythmmia vera and polyartentss nodosa may lend 16
coronary occlusion {16)s

TRODROVAL ArrAcks. Preliminsry gttacks of substernal pain
during the fortrught or so before the oeclusion oecur m about
half of all cases, The attacks may simulate Heberden's angna
althaugh the pain may outlast the exertion Less frequent!, tghe v
oceur at vest, lasting halt-an-hour or more, They are uninﬂl{cncczl
by treatment, and no aMeration in the electrocardiogram is found
after the pam hos subsided. These prodromal s';'m toms
\wubatw‘ly velated to the imba) capiflary hamorrbamec v S
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in patients with large hearts who have usually some superadded
infection such as pneumonia or eystitis (7). The result is erther
sudden death, or urgent left ventricular failure, i

ConoNary Insurriciexey, Infarction without oeclusion may
oteur in patients with large hearts in which the blood supply by
reason of thie hypertrophy is relatively insufficient. On exertion
an area of the myocardium may become ischemie, and an infarct
may result. This 1s éspecially apt to happen in sortic stenosis
where the aortic pressure is low (8). Other causes, associated with
a fall in blood pressure, are severe hemorrhage, post-operative
shock, and prolonged tachycardia (9).

‘The Infarct. At first the muscle is rather pale and swollen
sometimes there are purple areas of hemorrhage to be seen on
the surface and round the edges. The small superficial vessels in
the neighbourhiood are engorged. Then the infarcted area becomes
yellow-grey from leucocyte infiltration and loss of blood pigment 5
the border 15 reddish, owing to the presence of a zone of granulation
tissue consisting of newly-formed capillaries filled with red cells
(10). As time goes on, fibrous tissue infiltrates the nfaret, sur-
vounding the 1slands of neerosis, and the area becomes white.

The inner surface of the ventrcle is usually more extensively
involved than the outer, but a thin layer of muscle commonly
survives immediately beneath the endocardim, being nourished
either by the Thebesian vens, or directly from the bloed in the
ventricle. If the infarct reaches the pericardium, the transmural
infarct, pericarditis results and adhesions, usually thin, may form
or merely an arca of thickened eprcardium results. On the inner
surface of the nfarct 2 mural thrombus may form: m one large
series this was found 1 two-thirds of the cnses (11). Mural thrombi
begin to orgamze at the ninth day after infarction, and organiza~
tion is complete by the sixteenth day (10).

Caxnrsc Rurtunc. Spontaneous rupture of the softened area
may oceur, causing hiemopericardium and sudden death. Rupture
of an infaret takes placc most often during the first week. In one
series of 70 cascs, hall had ruptured through the anterior surface
of the left ventricle, and one-fifth through the septum (12). When
the fibrous area is large, an aneurysm of the left ventricle may be
produged, which may rupture months or years later. Oceasionally
the infarct becomes caleified. -
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and apathetic, but the mind is clear, These are Signs ?t “.cn‘\lgc‘:‘\{
circutatory failure; but the venous pressure in infarction is noty

o taused, and pulmonary eongestion is invariable, and wmay same-
fimes reach g severe degree (21). Although the pnlse pressure is
small, the dinstolie pressure is not sa low as w pure peripheral
failure, as a rule.

1t is difficult to say hose far the signs in the penpheral exresla-
tion ate due to shoek, or to gross deficiency in the output oi_ﬂxc
left ventricle  Acute left ventricular weahness with great diminu-
tion in cardiae output certamly plays & part.

Syneope Especially in old people, a syncopal attack may mark
the onset The pahient may be uneonseious or semi-conscious, hlfl
convilsions de not oeetr {22). As consciousness returns, paw is
felt. The cardme rate is wsually slow. Vomiling ie alinost
varable in this type. In other severe cases, also, vomiting may
dominate the picture and mask other symptoms. Naused js often
preseat.

Bioon Pressure. The Llood pressure usually falls, and always
does 50 1f there s collapse. In patients with hypertension the
systolie pressure may drop more than 100 mms. of mercury : the
dugstolic remaims relatvely lugh, In the eatly pamful phase the
blood pressure may rise temporanly” (23),

Purse, The pulse 1s not quickened unless shoek is present, w ien
it s small and weak. Acceleration abave 100 beats per minute
mereases the gravity of the prognosis. In some casey the rabe is
rather slower than ususl

Physical Examination. Thysical sigus at the heart in the
early stages are mconspienons  The fitst sound at the apex may
be wealened. and the sounds may be evenly spaved & gallop
thythm may occasionally be detected, prohally mare often w
hearts enlarged as the result of ypertension. The p¥mpnan
second sound may he acecntuated )

Pomcwnorrrs Although loealed periearditis is common,

pertcardsal fnction v heard only 1 & smalt minarity of cases and
st ss evaneseent  Whep present, 1t is
i‘:‘r::z(:\"—z\r:?can)xhs can only give nse to an audible frietion fn

cts, but 1n o small proportion of vecent wlarctions
a general penicarditis was found

(24). so that Tnehon niay
occasion be heard mith a posterior wnfarey, s on

a valuable diagnostic sign.
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toma formation (17). They may begin on exertion and Jead to a
elaim for compensation in industrial cases,

The Attack. Oxser. Since in most cases the final occlusion js
due to secondary thrombosis, exertion plays no part in determining
the onset, Three-quarters of all attacks oceur at night or during
mild deitivity in the day (18), Sudden death may result when a
large trunk is occluded, but death may also come suddenly to
patients who have not rested at the onset hecause thetr ifarets
caused no symptoms, Death here may be due fo ventricular
fibrillation (18) or standstill (20). Animal expersments suggest
that the reflex coronary vaso-constriction may play a part. But
the great majonty of patients survive the onset, and experience
a triad of symptoms, comprsing pem, dyspnoea and collapse.
In scvere cases these are usvally all present together mn varying
degree ; 1 mlder attacks collapse 1s commonly absent.

Paix. Pam is the most arresting symptom, and occurs 1 the |
large majority. The patient may expericnce anythmg from mtense
agony to a dull ache. The sensation is deseribed as rending, tearing,
or crushing. The site of the pam 15 usually substernal, and ocea-
sionally epigastric. From here it may radate down the arms or
up to the neck, yaws and teeth, Oceasionally the pain 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 wnthe in agony. or walk nbout. There is no
relief in immobihity, as i angma of effort. In nulder cases the
patient invanably says “I thought it was sndigestion.”

Drratiox. The pain may Iast from half~an-hour to several days,
unless cantrolled by morpiia. After the worst 1s over a dull ache
may persist for a long time, Sometimes the pain is of the waung
and waning variety, causing successive attacks.

Dysrxeea.  This is present m all severe attacks, though
frequently masked by the pan, It is due to lett ventricular fatlure
which occasionally progresses rapidly to acute puimonary adem?.
beginnng with a short dry cough. In fact, myacardml infarction
should be suspected if a patient develops an attack of pulmonary
o:dema which eannot be explained satisfactorily on other grounds.

Cotispse. In severe attacks the pabent suffers from shock.
{le is both pale and eyanosed, with a greyish colour.  The
extremities are cold ¢ profuse su eatng 1s common. 31z s prostrate
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* Diagnosis -

Recent Cort;nary Occlusion. Cusica. In most cases t}lc

i difficulty.  Prolonged substernal pain,
doprosis presents no Y 0 oo rcesure,
accompanied by dyspneea and c?“apﬂ(‘,“ ithafallin L pr \js .;
occeurring in u patient with a history of rcccnt' anginal sttac .‘1
unlikely to be due to any thing but a cardiac mf{nc\, Tt {n\isx he
rcm(‘m‘)ereﬁ hat the attack may commence d’um\g exettion, Inft
there 1s no Tekiet in 7est, Difficulties may arise whea the attack is
witd and the painful pliase is not prolanged, or when lhc. pain
wates and wanes, and the patient seems to have a succession of
attachs of angma pectoris. Sudden dyspacea with pulmonn’r.\'
congestion, or pulmonary adema, may take the place of pain.
Fmaﬁy, the onset may be symptoraless, or not rcmcn\\yefml .h;.'
1he patient, who may come under observation for & complication
such as cerebral embolism.,

Changes in the Electrocardiogram.

d following my dial i P the
p of Q waves, el of depression of the IS.T
junction, and inversion of the T wave.

Q Wave. Active muscle is clectncally negative to inactive
muscle. The impulse reaches the ventricles through the A-V bundle
which runs 1p the subendocardial zone, 1t spreads slmost at onee
te the ventreular cavities, which are thercfore negative during
the sctivation of the ventricular wall. As the impulse spreads”
ontwards towards the epicardium, the charge on ats advancing
face will be postive. Sinee the electrical changed reach the surface
of the body through the epieardium, and chiefly reflect the condie
tion of the sub-epieardsal muscle ells, the major initial deflection,

of a normal QRS is positive. If, however, the muscle cells hase

died as the result of infarction, there will be nothing to prevcnt
the negative potential of the cavity reaching the surface. 1t is as

it a window had been cut through the ventriewlsr rouscle {20). ’

The mitial deflection will then be negative, and deep Q or QS waves
will appear, This wll be seen best when the electrode 1 placed ,

directly over the infaret asin precordial leads in anterior infarction. |

R8T Displacemeny,
muscle 1 an infaret,

Surrounding the central core of dead
wseh emia (27)

» 35 a zone of muscle injured as the result of
In this arca the state af evestation Jasts longer

Changes il the
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Chart shoving putse and temperature n 2 man of 43 after
myecardial mnfarctyon  The attack began at 10am on the
first day Note the sub-normal temperature at first, and
the persistent tachycardia (\utopsy )

Frver. After an mitinl phase when the temperature is
subnormal, fever occurs in the majonty of severe attacks at some
time between the second and fifth day. The height of the temperi-
ture and the duration of the fever are useful gwdes as to the
prognosis.  Prolonged fever v rare, and 1s likelv to be duc to
complications such as prieumonia.

Lrvcocyrtosts. A moderate leucocy tosis ts common, com-
mencing very soon after infarction. In uncomplicated cases the
count does not usually nise above 15,000 per emm.

Tug Broop SEDIMENTATION Rarr mses about the third day,
and remains ngh for about a fortmght. It usually returns to
“pormal by the end of 3 montl (25). The B.S.R. is useful in®
. disﬁnguisi\ing small infarcts from angina pectons, but the height

of the B.S.R. has little bearing on prognosis.

w
2
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Cuest Eircrropg. Lead 177 The prccordml.c(cclnxlc is p)n'cu)
on the outer border of the apex beat as determined by palpation.
1{ no apex impulse can be felt, the rl(-ctrrx.le mn_\"bc placed in the
fifth space just outside the left mid-elavieular Yine, 1f the onter
hovder cannot be defined by percussion. The use of thus lead has
Tycen bargely superseded by that of multiple preconhal leads. .

Megyirrs Preconpiat Leaps,  The precordial eIcclmdc. is,
placed on eertain relatively fixed points on the chest, thus ditfering
frora lead 1V, the position of which varies with the size of the
fieatt. The pomts are numbered from one to six and are obtained
us follaws (32): The apex impulse is first located as in lead IV,
In the first posttion the precordial electrode is placed on the right
margn of the stermum n the fourth intercostal space ; the second
position is at the left margin of the stexnum in the same space ;
the thurd 15 nudway between the left margin of the sternum and
the mid-claticular hine in the intercostal space 1 which hes the
apex; the fourth s at the mid-clavicular line in this space; the
fth and sixth are at the anterior and mid-axillary lines at the
same level. Thus the first two poutions are fived, while the
remaining four vary 1n regard to therr honzontal levels according

to the space in which the apex Yies. Multiple precordial leads are
denoted by the letter “C”, followed by a numcral showing the
posttion of the chest electrode.

distant, or indillerent, electrode,

IxprreeresT Evrernone. Eather the right arm (CR), the deft
arm {€L), or the left leg (CF), are available for the indilferent
electrode , but CL leads ave inferior and are not used. A recent
companison of CR, CF and CY leads in which the si< chest positions
were obtained by means of gn elastic strap fastened across the
chest, so that only e first and sixth positions were located

ely, showed i y little duff in the CR, CF,
and €V curves (33), 1In fact CR and CF leads are sufliciently
fceurate 1n 90 per cent of cases, but in the remaining 10 per ctr;t
the error 15 appreciable (34). Jn CR leads the error is towards -
Politiity, so that on occasion a T which should be negative may '
be positive in this ead. CF leads are alrhost completely accurate
“when the hicart hias 2 normay Position or is semi-lorizontal, and
have only & small positive error when the heart is horizontal ’(Lef t
a%s deviation) When the heart is vertical (right axis de\;mtinn)

Another Jetter is used for the
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than normal.  The current resulting therefrom in diastole is
neutralised by the compensation current from the galvanometer
during standardization. In systole the flow of the current of
injury is reversed, and to 1t is added the current from the com-
pensator on the galvanometer, The effect of the current of injury
is, therefore, seen only in systole and causes displacement of the
RS-T phase, If the injured zone extends to the epicardial surface,
the displacement will be positive or upward i leads which face
the advancing wave, such as precordial leads over an anterior
infaret ; it will be negative or downward, and of smaller amplitude,
in {eads which face the tail of the wave such as lead III in an
anterior infarction, If the injured cells ie mainly in the subendo-
cardial zone, the displacement will be negative (28). Elevation of
the RS-T phase is also found 1 the early stages of diffuse péricar-
ditis, since this involves the subepicardial muscle cells. «As the
injury in pericarditis is hmited to the subepreardial zone, Q waves
do not occur (Fig. 17).

Inversion of the T T ave. Inversion of the T wave 1s cansed by

changes winch occur durnng the recession of the impulse, and
indicates that the muscle 1s recovening imperfectly. A negative

_ T oceurs 1 many conditions associated with myocardial discase,

but the mverted T of coronary occlusion has a characterishic shape.
It is bowed or dome-shaped, and the inversion may at times be
very deep. A negative T s the first change to be seen following the
experimental occlusion of a coronary vessel, elevation of the
RS-T junction comes later, After the release of the vessel the
inversion of T 1s the last abnormality to disappear. The negative
T is, therefore, associated with changes i the ischenite musele
surrounding the mfarct (29). In small subendocardial mfarets,
*. due to coronary nsufliciency, Q waves are absent, RS-T displace~
*ments may be shight and the bowed mnversion of T may be the
only definite sign of the infaret (30).

Precordial and Other Leads. In n joint memorandum issued
by the British Cardiac Society and the American Ifeart Association
(31), precordial leads have been standardized so that relative
positivity at the precordial electrode 1s represented by an upward

" deflection of the galvanometer. For this purposc the left arm elec-
trode from the machine is attached to the chest, and the right arm,
or left leg, electrode is used as an indifferent or distant clectrode.

' ’
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Crgst ELTCTRODE. Léad IV". The precordial fleclrodc s pln.ccd .
on the outer border of the apex beat as determined by pulpfmu‘n.
1f no apex impulse cant be felt, the elcctm:le may be p.\aved it the
fifth space just outside the Jeft nud-clavicular tine, if the outer
horder canmot be defined by pereussion  The use of this lead has
Yyeen largely superseded by that of multiple precondial feads. .

Afetrieer Preconmial Losos. The precordial clcclrodc‘ is
placed on certan refatively fived points on the chest, thus diflering
Srom lead IV, the position of which vares with the size oi' the
heart, The points ate sumbeted from one to six and are obtained

+ us follows (82): The apex impulse is fiest Tocated as 1n lead IV,

In the first position the precurdml elcct‘rullc is placed on the right
margm of the sternum in the fourth intercasta) space ; the seeond
position 15 at the left margin of the sternum sn the same space;
the tinrd 13 midway between the left margin of the sternum and
the mid-clavicular line in the intercostal space in which lies the
apex; the fourth s at the mid-clavicular line 1 this space; the
ffth and sixth are at the anterior and nud-axillary lines at the
same level, Thus the fist two positions are fixed, while the
remaining four vary in regard to their horizontal levels according
to the space m which the apex hes. Multiple precordial leads are

denoted] by the letter “C”, followed by a numeral showing the
position of the chest electrode

distant, or mdillerent, electrode.

InpirrERENT ELECTRODE. Either the right arm (CRR), the left
arm {CL), or the left leg (CF), are available for the indifferent
electrode, but CL Ieads are nferior and are not used, A recent
companson of CR, CF and CYV leads in which the six chest positions
were obtained by means of an elastic strap fastened across the
chest, so that only the first and sixth positions were located

ly, showed ly hittle diff in the CR, CF,
and CV curves (33). In fact CR and CF leads are suiﬁcicntl;"
accurate 1n 90 per cent of cases, but 1 the remaining 10 per cent
the’t‘rror is appreciable (31) In CR leads the error is tosards
positivity, 5o that an oceasion a T which should be negative may
Ve positive i this lead, CF leads are almost mmpletc‘iy accurate
when the heart has a normal posttion or is semi-horizontal, and
ha}'e on]?' 8. small positive errap when the lieart is homzontal '(Ler t
axis deviation.) \When the heart is v ertieal (nght avis dev.ml‘\on\

Another letter 11 used for the
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there is a fairly considerable crror towards the negative, .and

_inverted T waves may be found in the abseuce of heart discase,

To obviate these difficulties Wilson (26) devised the technique of
the CV leads,

V Lraps. The standard leads are bipolar ; lead I expresses the
algebraic difference between the potentials obtainng at the right

and left arm. In the ease of precordial leads the effect of the distant -

clectrode is slight compared with the electrode on the chest, but is
nbt negligible (p. 000). Einthoven postulated that the algebraic

summation of the potentials at all three points on his triangle at any ~

given moment 1n the cardinc cycle 1s zero. Wilson used as the
distant electrode all the three limbs connected through resistance
of 5,000 ohms to & central terminal. These leads ate termed “V*'
leads (32). Goldberger (85) simplified the technique when.he
found that identienl curves could be obtaned without the central
resistance. To obtain *“V” leads by his method 1t is only necessary
to attach the right arm lead from the galvanometer to o central
terminal from which issues three leads which are connected to the
limbs. The same six points on the chest are used as in CR or CF
leads and they are numbered V1-VG6. The validity of the Einthoven
triangle hypothesis, and therefore of this method of ‘obtaining
unipolar leads, has been contested by Wolferth (36), but his
grounds do not seem very convineing.

Usrrorar Lis Leavs. By a shght modification of the same
technique the potential varations at the three limbs can be

_ recorded separately. The left arm clectrode from the, galvano-
meter 15 attached to the limb to be examined, while twa of the

leads from the central terminal are attached to the other two limbs,
The third 15 allowed to hang loose (37). These leads arc named
VR, VL, VF (p. 418). Formerly all three imbs were attached as
in the case of precordial leads, and a second electrode was tied to

. the hmb to be examined. But the deflections by this method were

small and not easily read. By the newer method the deflections
arc increased by 50 per cent and can be more easily measured.
Since the left arm faces the left ventricle the changes of anterior
infarction will be reflected in the left arm lead (VL). The left leg

facés the diaphragmatic surface of the heart and the changes of

posterior infarction will be reflected in the left leg I?’nd (Vr).
The complete electrocardiographic investigation therefore
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requires 8t least 12 leads and the procedure is somen hat laborious,

* For chnical purf\oﬁes we have found that the stm\dz\’n\ ]em\i.and
three chest leads give afi the information ordwnarily required.
For infarcts V2 and two leads bracketing the apex are suitable.

. For right bundle branch block and right ventricular hiypertrophy, ~

it is better to use V1, sinee it is on thislead that in llhcse conditiors

the diaghosis chiefly rests {p 000).

(EsoPracEal Leaps. 1f the patient swallows o flenible tube
contaimng an electrode, deflections may be obtained when the -
tube reaches fhe Yevel of the heart, The pharynx must be anns.
thetised for this procedure. Records have been obtsined with
2 Ryle’s tube which can be passed along the nares {38}, but we
have been unable to obtain good contact with it. At §5:53 num. |
distance from the teeth the electrode will he oppoute the ventricles,
In posterior infarction the cesophageal electrode faces directly
the spread of the impulse and deep Q waves with elevation of the
RS-T junction followed by a negatnve T will be found, as in
precordual leads after an anterior infarct (39).

Anterior Infarction.. Following an anter

jor infaret dr}-ix
Q or QS waves
appear in the pre.
cordial leads and to
a lesser degree in
lead 1 and YL, and
the RS-T junction is
clevated above the
baseline, Inlead 111
the RS.T junction
may be depressed
although this feature
is not heeessary for
dagnosis (Fig, 30),
These abnormalities
last for some hours .
. to some days., Then
the rased RS.T
S o 3 junction in the pre-
enor
T o e el 1

’
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iso-clectric and T is inverted. The coronary T wave has a peculiar
dome shape on the down stroke and the inversion is sharply pointed
and in the precordial leads may be very deep. The depressed RS-T
in lead III disappears and the T wave becomes positive with a
sharp point.. The inverted coronary T tends gradually to return
to the normal; the Q wave, especially in the precordial leads,
often persists. ' The abnormal features duffer somewhat in antero-
septal and antero-lateral infarction.

Antero-Septal Infarct. In tls type the standard leads may
be normal. But in V1, V2, V3, and V4 deep QS waves appear with

I

il
!

i
ml}ﬂﬂ))
}

S

i

(
b ]
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Fic 31

Coronary ocelustan with postertor infarction and complete heart block,
The night coronary artery was blocked by an embolus at 1ts orifice,

clevation of the RS-T junction, followed by a negative T, which is
most conspicuous 10 V3 and V4. V3 and V6 are relatively normal.
Antero-Lateral Infarct. The changes here are reflected to
the left arm and are therefore obvious i leads Land VL., Precordiat
leads show the clearest abnormalities i Vit and V5. )
Posterior Infarction. In tlis type the same distinctive
features arc seen in lead ITL, in VF, and to a fess extent in Ieud.II,
as occur 1n the precordial leads and lead I anterior wfarction.
There 1s clevation of the RS.T junction and Q waves appeat
(Fig. 31). A negative T wave m due course takes the place ?Xf
the raised RS-T junction. There may be depression of the § i
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phase in lead 1 and in the chest leads in the early stagcs.l (Li:
phageal leads' taken from the ventmcular 1?\ el show chang
sinnlar to those in precordial leads in antenor mhrcl}un. .

A small Q and inverted T 1 lead IIL are sometimes seen H;
ohese persons with horzontally placed hearts, although lead 1
in this type is always normal [C33B
In those m whom Q is due to
~coronary discase, there 15 often a
small Q and a flattened T in lJead
1T AQnTead IIT is of increased
sigmficance 1f S 15 absent 1n Jead 1
(40} Lead VF 15 also usefn] in
distinguishing those due to a hori-

. zontal heart and those due to
previous infarction {$1). In hor-
zontal hearts § waves are present
mthis lead preceded by a definite
R. Innearly all cases who had had
Previous posterior infarcts Q waves
were seen in VE, the voltage being
more than mn one quarter of the it
Waves Theexceptions werenfarets
located high on the posterior wall;
m thea Jend VF was normal,

Lateral Infarcts, Infarctions

confined to the laters) wall of
the ventnele

In some mstanc

are  uncommon,
es a different Jand _
of electrocardiogram 15 found,
The T wave 1s mserted 1o leads 1 fatarction of lateral wall
ol @ S wave may 2 depren e Aepr e
Ebpear i lead I (42), The ps. of ST junct, and v
Junction 1 the precordial lead Au";'cl::nr:,"ﬁ;;;ersy“: llcl; e
near the apex 1y deeply depressed, B
These changes, may la:
found in digytalys saturation (F12.32) Befor,
as mdicating nfaretion gt must be asey
has had no digitabis for ghe Preceding fortnight, Four eases out
of mne with latera] infarets veryfieq at autopsy lad electrs.
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eardiograms of this type. Others had curves of anterior or posterior
infarction (#3). There is also a tendency for auricular fibrillation
to occur more frequently as a complication in lateral infarction
than in infarction at the more common sites. .

In some cases of lateral
infarction where the precordial
leads were normal, Q waves
and negative T waves were
seen when leads were taken
across the chest at the level
of the second or third nters
costal space, ending high up
m  the left axilla This

Anterior wfarct with night
‘branch block Note presence
of Qwavem V1, VZand V3,
with bowed version of T
in VI, V2, V3 and V4

The intrinsic deflection 15
delayed an the right side by Fio
0.14 second and 15 earfy on

the left Autopsy shawed Postertorinfarct with
anantenjorinfarct involving left bundle branch

the septum block.
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proctdure is suggested when Tead 1 nnd VI, are typieal of infacct,
but the usual chest leads are normal (4. b
" Septal Tnfarcts. The terventneular septum m\ol\'fd in
15 per cent of ol infarets, and, canversely, coronary occlusion 1
ot an wncosmon cause of bundle branch Block (13). Ifthe whole
" of the séptum 18 inv olved, from front to back, signs of, .nnlrm-:rp!?l
+ infarction will be present in chest leads, while standard leads “.'dl
show postertor infaretion (33a). -Tn most cases the electrovardio-
gram shows A~V heart block or Bundle branch Block, N
1f the night branch is ins olved, Q waves appear in leads to the
right of the precordium V1, V2, V8). the QRS is prolonged, and
2 howed coronary T wave comes off from the deseending timb of
the broad R*(Fig. 33a). Thus combination is not nncommeon, ln
¢ postenior infarction baved T waves tway be scen in Jeads I1 and
“ Il Tn the casc of left bundle branch block the lasge brosd
complexes usually engulf the RS-T displacement and negative
T waves of infarction, though some curves show them (Fiz. 3313),
Also the left ventnicular eavity is positive m left branchi block
untd the impulse has crossed the septuin and this prevonts the,
occurrence of Q waves. Only if the infarct has involved the whole
thickness of the septum will the negathe polentinls from the
right ventricle be transmitted through it at onte and allow
& waves to appear. Otherwise the presence of a left hundle tranch
Bock | the dag from the elect di
antenor or posterior infarction (26). '

Auricolar Infarcts, Infarction of the auricles may oceur,
The P waves are dome-shaped or negative and there is alsp
depression of the P-Q interval {#6). Many of these cases show
abnormal rhythms such as auncslar fibriflation or futter, or
auricular premature beats {47}, ‘

o of

Successte Infarcts may each leave therr smpress upon the curve
but do not usually camse diffieulty in diagnosis.

Effect of Pericarditis. Farly diffuse pericarditis causes
elevation m the RS-T junction 1n ahout half of those in who
1t 1s diagnosed clinically {18) (p. Jtod

7). Simee the injury is bt
. to the subepicardial zone Q waves are not found. Ti\e ;a\:c\;"[]\‘;:;'

15 usually present in il leads (49), but may oceur in leads I and 11

only (50). Later the T ive §
Immm()‘ nmm-.\.»i wave l.m;om‘cs‘ntgnhvc in all Jeads (51), .
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cnrdiugmphic‘ changes due to the infarct, The elevation of the
RS-T junction i dilfuse pericarditis may obscure temporarily
the NS.T depression of a posterior infaret in lead I and the
precordial leads, or that of an anterjor infarct in lead IIT and the
asophageal leads, but this is not of much importance.

Muscle Bundfe Localization. It should be mentioned that a
series of articles have appeared (52, 53) suggesting localization by
the muscle bundles, of which there are four. The pieture of an
anterior infarct might, be given by a lesion of the deep sino-spiral
miusele, that of a posterior infarct by involvement of the superficial
bulbo-spiral muscle. Destruction of the superficial sino-spiral
caused clevation of the RS-T junction with inversion of T iu alt
Jeads, while it 15 suggested that infarction of the deep bulbo-spiral
would eause elevation of the RS-T junction with upright T wavesin
all leads. This work lacks confirmation from other sources. Too
hittle is known about the function of the muscle bundles to draw
any conclusions.

Summary of Electrocardiographic Changes. The
association of deep @ waves in the appropriate lends,with displace-
ment of the RS-T junction, followed by nversion of the T wave,
which is found when a major artery is occluded, and the whole
thickness of the ventricular wall 1y affected. 1s pathognomome. In
one series the electracardiographie findings both as regards the
presence of a recent acute mfarct. and the localization, were
confirmed at antopsy n every case (54). There was rather less
accuracy n localization when the infarets were multiple The onset
of characteristic ehauges way be delayed for twenty-four hours
(55).
In small infarcts, i olving only the sub-endocardral zone, such

as occur 1 coronary msufliciency, Q waves are absent. Displace-
ments of the RS-T phase may be shght and rchance must be placed
on the presence of bowed “coronary™ T waves. In eases of this
« sort nwltiple precordial leads are especally valuable. Such
appearances in both V3 and V't are practically confined to infarets
and pericarditis, and pericarditis ean wually be distmgmshed
) chnically. An mfarct 1 an unusual site may caunse difficulty s

o negative T wave m all Iimb leads, suggesting pcncan}lns. was

found in one case involving the ught ventricle (56). Vhere the

' diagnosis‘ is m doult scrial electrocardiograms should be taken,
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since successne changes in the curve form the firmest “msit lor

. - N
dug;‘:::osis of Previous Infarction. The tiagnosis of previous,
\nfarction can often be madedrom the history. 1t may be suspeeted
i & patient with a normal blood pressuee has congestive fmlure
with enlargement of the heart, aud no other cn\lse‘cnn be found.
Confirmation may be sought in certain changes in the .clcclrm

“ cardiogram and i the contour of the heart on eardioseopys
Although the changes due to  lateral infarct may nat 1ast long,
the Q wave i the precordial leads of an anterior infaretion seldom
returns to normal (57). The finding of a deep Q in the precordial
Teads to the left, at any time, strongly suggest a presjous antenor
_mfarction ; an R wave of less than 2 mms. is alo significant. A

. smali Q deflection 1n V4 or 515 common in left-ided hypertroply 3

1t may ionall

¥ be seen 1 dwspl nt of the heart, and

removal of a left pleural effusion caused the veappearance of an’
R m CF 4 (58).

Radiological Appearances, Since the patient has to stand for
these provedures, earthoseopy should not be employed i reeent|
infarction. Pulsation at the apex, or just abiove it, s reversed with
& locahzed outward expansion dunng systole. .\ double pubation
or delayed pulsation may also be seen {59) The antero-posterine
position 15 best for antenor miarcts and also furnishes information
in some posterior infarets (€0) . m others the left obhgue is hetter,
Pulsation may be absent or dimimished 1 the area nvelved, lnt
dimimushed pulsation 15 also found in cardie farlure with gross
entargement of the heart (61), Pick’s disease, and 1n pericardial

eftusion, whslst local reversal of pulsation, ar systolic expanston,
is only seen with wfarction,

These features do not usually appear until after the sceond
week (62), but they have been noted on the day after infarction
{39) They may persist for years; but they have gone 1n & year
\:\ about half of the cases, and their disappeatance, or change to

, sigmifies an ympy { prognowis.  The
recovery rate was higher m those who did not show reversed
. pulsation and very few of those wm whom the sbnormalitics

ersisied made good recoverics (61).

Kymograms allow the pulsations 1o be
" recorded by
2 mudtinle shit er1d. 404 measured am a e oroed by Dleatis of
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were recorded in nearly all cases of ml‘urctlon (63). Thc site of
abnormal pulsation agreed with clectroeardiograms in three-
quarters of them (64).

Ditferential Diagnosis. It should be emplasized that none
of the other conditions giving rise to profonged substerhal or
cpigastrie pain is associated with the electrocardiographic changes
of cardiac infarction, except very rare cases of dissecting aneurysm
involving a coronary artery. A typical clectrocardiogram almost
always establishes the diagnosis.

<cute Abdominal Discase. Pain in the epigastrium may rcseml)le
an acute abdominal emergency such as a perforated peptic uleer,
gall stone colic, or acute pancreatitis. Infarction may fallow a
severe heematemesis, and rarely an mfarct and an acute uleer or,
acute cholecystitis may develop simultaneously (65).

In the absence of an clectrocardiogram, the following points'will
suggest infarction.

1. A history of previous attacks of substernal pain on
excrtion.

2. The presence of dyspncea, without the pain of pleurisy.

“ 8. Ewidence of penicarditss, or of pulmonary congestion.

i

5

. The pam alimost always tends to spread upwards.
5. Absence of tenderness and of the rigidity of peritonitis.

PRLUMOTHORAX OR PNLUMOMEDIASTINUM cause pain, dyspnea
ond.shock. In pneumomediastinum the pamn may be substernal.
A small left-sided pneumothorax can cause pam m the left upper
chest which may persist for days. A systolic chek may be found
which the patient can liear lamself (66). In mediastmal emphy-
sema pecuhiar erackling sounds like those of surgical emphysema~—
they change with the heartbeat and breathing —are audible over
the precordium, The T wave may be mverted 1n lends IT and IIE
or chest leads {67). Al these condittons tend to occur i younger
age groups than wfarction,

DissEcTiNG ANEURYsYM may be difficult to distinguish m the
early stnges. The signs and symptoms are diseussed on page 300,

An Esormiezal Porcll may give mse to substernal pam
through the effect of distension of the aesophagus, and thcxpymn
may last an hour or more.

Complh‘allnns. About three-quarters of the patients, if kept
in bed, will make a straightforward recovery. OHhc comphcunons
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that oceur 1n the remainder, most may be expected during the
ht.

f\ﬁ;,:::‘i\“::‘:_ take place from centricular fibritlation (68}, or from

ateflex co'o;\ary spasm while pain is still present. .

Pulmonary (Edema 15 the most commaon comphcx\%mn. as might
be expected in a condihon allecting almost exclusively the left
ventncle. About half of these die when this devclops.

Hypostatie Pneumoma may be tl.le consequence of severe
pulmonary congestion aided by the immobility of .thc patient.
The signs are profonged fever, inerease in vespiratory rate,
tachy cardia, cough with purulent sputum, and consolidation at
the bases.

Congestice Heart Farlure may supervene with venous engorge-
ment and cedema  This 1s most likely to occur in patients who have

had previous infarets, or whose hearts are enlarged from hy per-
tension,

Cardige Rupture During the first fow days recurrent attacks of
angina at rest d by

v T a may signify
weakenmng of the ventreular wall, and death may occur from
cardiac rupture with hemopericardium  We have seen 1t within
twelve hours of the onset of infarction. As a rule death 1s alinost
instantaneous, but there may he time for tamponade to develop,
with signs of venous engorgement, cyanoss, and respiratory
embarrassment, which soon proves fatal

Perforatton of the wntertentricular septum may take place, either
m antenor (G9) or posterior infarction (70), usually in those who
do not rest diately after the ocel P, pain and
shock may come on, and the rough systolic murmur of a ventricular
septal defect 15 heard with a systohe thull. Intractable failue -
of the right ventriele then zesults in consequence of the shunt
from left to nght (71) One patient survived the perforation for
five years with persistent a.dema throughout (70). If an aneurysm

of the septum forms first, the signs of subseruent rupture are less
conspicuous, and the develo)

pment of a systolic murmus 3

the only clue (72), i 7 ey be
DisTURBANCES

uncomTen

N Ruyrms, Avuricular  Fibrillation s

Paronysws usnaliy begin @
gin donng the finst week.
» Lateral infarcts have a tendency to be i illation
(), ox the s tendens Y accompanied by fibrillation

nvolved in the infaratome 7y 1
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some severe attacks, fibrillation commencing near the onset,
increases the gravity of the prognosis. Nearly all 6f the patients
die in'yhom fibrillation persisted more than a day (73). In others,
who may have suffered from paroxyms before, or have a mild
form of rheumatic heart disense, the paroxysms are of little im-

~ portance and do not last long. Auricular flutter and paroxysmat
aunchlar tachycardia may ocenr (Fig. 30), and recovery has
been recorded with ventricular rates of over 800 (74) Nodal
rhiythm is said to have a bad prognosis (75).

Ventricular Tachycardia is a serious comphedtion which is Ikely
to prove fatal unless it responds to prompt and effective treatntent
with quinidine {p. 300). But is 1s rarely found unless digitalis
has been given. The frequent appearance of Pentricular Premature
Beats, particularly when they arise from numerous foci, may be s
precursor of ventricular tachycardia (76).

oA~V Heart Block. Apart from some prolongation of the P-R
mterval, which does not influence prognosts, heart block occurs in
3 per cent only (77). A postertor infarct 15 usunlly present, 'and
complete heart block comes on from the first to the fifth day
(Fig. 81).  The prognosis 1s usually bad : the patient may develop
Stoke-Adams attacks, or collapse owing to the greatly dimimshed
eardiac output due to the combination of the slow rate and low
blood pressure, but sometimes the block clears up.

Tuporisdr  Embolism 1s most hkelv to occur during the Tirst
ten days. Patient with large wfarets are mostly alfected, as
endocnrdial thrombosis is found 1n hall of those who die. Ina
series of 160 autopsies, cmbol were found m one or more ateries
in nearly half, and the embolus was the mam cause of death in a
quarter (78). The embolus may lodge in 2 cerebral vessel or block
o peripheral artery. An unexplained hemiplegia may be due 'to
cerebral embolism frora a coronary occlusion. But henuplegia,
convulsions and coma may also occur i patients with advanced
cerebral artertosclerosts m the absence of emboh, and are due to
the impairment of the cercbral airculation conscquent npon the
diminished cardiac output (79). There may be a primary cerebral
thrombosis from the same reason.

Pulihonary embelf ate-the most corumon 5 they tnay come Ia?ﬂ.‘,
from a'primary, thrombosis in the-vyins of the leg, a possibility
which is fm-a"q’rcd‘) hmq‘n}?l’)ﬂ@"dﬂm patient (76). Or ffn'thcr



PLATE 24

Aneurysm of the Left Ventricle.



Prate 25

Aneurysm of the Left Ventncle.

Oblique view of case shown in Plate 23,
/nv R -
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inombosis may oteur in the left ventricle an the result of con-
getine fufure and tead to emhol in the aystemie ystem ().

Patients with cercbral emboli from intraventricular thrombosis
often do surprisingly well and recover without any residual pu!:.\'.
Embolsm of & peripheral artery following coronaty occlusion is &
digster The patient is not in o condition to stand embolectomy
and one ean only try to re-establish the creulation with tntrs-
senous papay erine and beparin, The use of dicowmarol promises
welt {p. 213).

Among; the fater sequel v of infarction are the development of
# eardioe aneurysm and 1N shoudder paisn.

Cispiae Axgunysw. I an infaret has mvolved the whale
thickniess of the ventricular wall, local weakemmng may lead to
the formation of & cardine ancurysm, They ceem to occus
epeeially in thase who vested a few days only during the neute
phase (A0}, The sneuryem 15 wsually situsted at the apex af
anferior wall of the feft ventricle. The dingnous ean be made
dinieally by 5 diffuse pulsation over a wide aven of the precordnm
tstending upwands two ot more spates frum the apex, and inwards
aoost to the left sternal horder {81), The pubsation 1s expansile,
ad separste from the actual apex thrust. On X-ray exanunation
the Lft border of the heart nssumes a somewhat rectangular
Ippeatance, & localized bulge may be found on the left border
{Plate 24), and ealetfication may be visible within 1t. In the
nght oblque position the aneurystn may project os a fat ledge
fowards the back of the sternura {Plate 25} {82}, The sac may
;‘“}"’ crpansite pulsation, or none at ol {83). The prognosis
ﬁn:’;ﬂd &.m\de'rablc activity ts possible. Patients usuaily die
i the S“Z“;“’“ failure or from repeated embolh due to thrombosis
LGus' A one senes there was no case of rupture (84),

WOULDER Pamh. A curaus condition of pam, with
the shoulder may develop in the

hstatiog of niovement, at
The left shoulder is affected more

':\m\hs following wfaretion
tan the righy, hus. both may he involved toppther /6= ime

Ssabality gymates - .
tory of 5o
PR 1 the

sy vt fresent, ‘The catse i
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ischamia combined with a pre-existing affection of the shaulder
seems most Jikely. A gonty origin has been suggested (88). Relief
can sometimes be obtained by massage, or by firm pressure under
evipan on tender poiuts along the upper border of the scapula.

Treatment. The treatment of mfarction nims nt reducing the
work of the heart to a minimum duning the critical phase i
mediately after infarction, and meteasing by all possible means
the collateral circulation.

Mognrmis, Morplua should bé given at once, as the sooner the
pain is controlled, the less likely is the patient to die from syncope.
The intravenous route gives most rapid rchef and s safe. Morphia,
gr. 1,6 miraxenously, and gr. } subcutaneously, should be given,
followed by further doses of gr. } subeutaneously, as required.

Rest v Bep. It is essental that patients should be hept
strictly at rest i bed. In severe attacks thus is abvious, bat minor
attacks may be nussed. These patients are more hikely to deyelop
post-infarction angina or cardiac aneurysm. The patient is kept
in bed for an avernge period of four weeks, With small infarets
affecting only the sub-endocardial zone, who show no ¢ waves,
less time may be needed becanse they heal more quichly. On the
other hand m large mfarcts where the patient ts collapsed at the
ouset, where fever 1 promuncent and the pulse rate exceeds 100,
and when pulmonary congestion and other complications, meludimg
pericarditis, develap, rest in bed up to two months may be
necessary.

OxycEN, Oxygen therapy is valuable if cyanosis develops at
any stage, and alsa 1f pain perststs, or recurs, m spite of adequate
doses of morphia at the enset, If avlable, an oxygen tent is the
most satisfactory method, preferably the small open top type in
whicli the patient is not cut off from sound. Otherwise & BL.B.
mask, or nasal eatheter, can be used.

Coronary Dirators. Experimentally 1t has been shown that
theobromne sodium acctate, cardophyln, and atropme given
promptly reduce the wortahty rate m dogs by one half (89}
Clinically eardophbylin 0 24 gm. 1 10 ce, grven wmtray enomly may
tide the patient over a erisis such as the development of henrt
block or auticular fibrillation, 6r 1t can be admuustered with the
morphia at the onset in severe cases, We have found it b?th safe
and efféetive to use the amponies contamng 0.48 gm. in 2 cc.
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mh':\\cm;\\s\}' in these cases providing the injection is made
slowly.

TRE ALDMENTARY SysTEM. In severe eascs, of when \'nu}llm'g
35 present, only drinks sweetened with glucose to ?m“‘m‘ acidosis
should be given for some days, Fall doses of atropine may contral
vomiting, During this time the bowels should be left alone, 1 a
natural action has not taken place, an enema can be given later,
A low diet containing 500 calories has been recommended during
the whale period of rest 1n bed on the gronnd that such o diet
reduces the basal metabolie rate, and so the pulse rate (90}, This
duet 15 rather severe, but patients tolerate a dict consisting of
carbohydrate, 100 gms., protein 45 gms., fats 33 gms., with a total
caloric value of 900. On this diet thin patients maintain therw

weight at rest, while stout patients reduce their bulk, which iy to
therr advantage.

Diciraus should be used with great eaution becanse of the
nisk of provoking ventricular tachy eardia. It should not be given
at all unless venous congestion and edema appear; and even
then st 55 better to try first the effect of the mercurial dreties,
oxygen, venesection, and coronary dilators (00), -Shonld these

fa, digitabs should be given i full doses by the intrasenous
route (see p. 347).

QuIvDINE should be given at onee to stop thg dangerous
of 1 hyeardia (see p. 300). Large doses

may be required, and an mtravenous injection may be most
elfectrve. In the case of auncular fikrillation, 1t 1s well to renember
that the drug 15 depressing and inadvisable 1n the presence of
congestion [t may Le better to withhold quinidine for <ome his—

as the - N

ant v s ls eueetve when miven by o
e o . y mouth. Die
is supplied 1n 50 mg tablets i ? oumerel
-etson.  Dicoumarol increases thy

e prothrombin time, wlueh is
t\‘:e time that a preparation of thrombokinase takes to oagulate
\t e“p(\la;ma of the patient. The dosage of dicoumarcl i: con-
rolled by obsering s effect upon the amount of prothromb
present 1 the blood. "ot

Sinee direct chemical
3 mea
the prothrombin 1s impossible, mdireet wmashont- Perement of
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ischiemia combined with ¢ pre-existing affection of the shoulder
seems most likely, A gouty onigin has been suggested (88). Relief
can sometimes be obtained by massage, or by firm pressure under
evipan on tender points along the upper border of the scapula,”

Treatment. The treatment of infarction aims at reducing the
work of the heart to a minimum during the critical phase im-
mediately after infarction, and increasmg by all possible means

. the collateral eirculation.

Morria, Morphia should bé given at once, as the sooncr the
pain js controlled, the Jess Jikely is the patient to die from syncope.
The intravenous route gives most rapid relief and 1s snfe. Morphia,
gr- 1,6 intravenously, and gr. } subcutaneously, should be given,
followed by further doses of gr. 1 subcutancously, as required.

Rost 1y BEp. It is essential that patients should bhe kept
strictly at rest in bed. In severe attacks this is obvious, but mmor
attacks may be missed. These patients are more hikely to develop
post-infarction angina or cardiac aneurysm. The patient is kept
in bed for an avernge period of four weeks. With small infarets
affecting only the sub-endocardial zone, who show no Q waves,
less time may be needed beecause they heal more quickly. On the
other hand in large farcts where the patient is collapsed at the
onset, where fever 1s pronmnent and the pulse rate exceeds 100,
and when pulmonary congestion and other complieations, including
pericarditis, develop, rest m bed up to two months may be
necessary.

OxyerN. Oxygen therapy is valuable if cyanosis develops at
any stage, and also if pain persists, or recurs, m spite of adequate
doscs of morphia at the onset. If available, an oxygen tent is the
most satisfactory method, preferably the small open top type in
which the patient is not cut off from sound. Otherwise o B.L.B.
mask, or nasal catheter, can be used

CoroxaRy DiLarons. Expenmentally it has been shown that
theobromme sodium acctate, cardophylin, and atropine given
p{omptly reduce the mortality rate in dogs by one half (89).
Clinically cardophyhn 0,21 gm. m 10 ce. gnen intray cnously may
tide the patient over a cnisis such as the developient of heart
block or auricular fibrillation, or 1t can be administered with the
morphua at the onsct in severe cases. We have found 1t b?th safe
and efféctive to use the ampoules contmming 0.48 g, in 2 cc.
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’ eceiv K vechly for more
Fyve pattents received an average of 800 mg. Weehis "
than r\vo years During this time they remained free from attacks
although they had each hod three in the year before treatment
way begun, The protivorshin time was estimated daly for the

first few weeks and dater every fortnight. Na toxie reactions were |

observed (98]

;‘oﬁc R(mcziu'zu. Tn overdosage, there may be gencmlize:l bl‘ccd-
wg‘m\o the skin, from the nose, intestine, and kidney, or inta the
brain. The hemotrhages may be fatal and may oceur at the
fime when the prothrombin index is but httle deereased.
. Dycoumarol should not be given to any patient with renal or
hepatic disease, of any blood disease associated sith puspura.
In cases of cardiac infarction, homorrhages have been either
shight (87) or absent (95).

Fesuits. Vascular

10ns have been iderably reduced
by the administeation of dicoumarols in one series of 50 cases from

18 per cent to 2 per cent (94), in another {rom 87 per cent to § per

cent (97). Dicoumarol, therefore, lessens the risk of embol, but
the dangers attending its use make 1t unswitable unless the
prothtombin content of the hload can be estunated datly.

After Care. A prolonged convalescence is neeessary after
infarction in order to allow the collateral circulation to deyelop
and the rest of the myocardium to adjust itself. Even nith a small
infaret and without complications, the patient should wait three
months before resunung his work. Large infarcts require longer.
A further sfow ap may then be expected which will
continue until a year has elapsed.

Prognosis. The mortality rates in the first attack vary from
one-tenth 1n a general series {90) to one-third among patients
admutted to hospital (75), which would not include the milder
attacks. Of thoye who survive this attack by three months, rather
Tess than half ke for more than ten years (99). The total average
expectation of hfe 15 three and a half years (100). . -

A etun to actne bfe is often possible. Favourable factors are
the absence of cardiac enlargement due to hypertension, or diffuse

coronary artery disease, The msk of successive attacks cannot be
assessed, but they sre common, and the patient ma;

sursive three .
or four, dying finally in congestive fajture. s .
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Zhe prothramdin time (91) is the rate at which plaswa is clotted
by & solution in which prothrombin is the only variable. The -
normal time is about 12 seconds. Different sources of thrombo-
kinase—cither from brain extract or snake venom—give different
figures for the normal.  The prothrombin index (92) avoids this
difficulty by expressing the time as s pereentage of the normal
time for the thrombokinase used. The prothrombin concentration
(93) is enleulated from the prothrombin tune by means of o table
and expresses the actual amount of prothrombin present as a
pereentage of the normal.  The confusion ansing from these
different methods is mereased by the fact that some workers use
a diluted serum which gives another set of fignres again (98),
The prothrombin ndex, with undiluted blood, 1s probably the
best method to use. b

The aim of treatment 15 to decrease the prothrombm index to”
the neighbourhood of 88 per cent, Ths eorresponds to a pro-
thrombin time of 80 seconds, or a concentration of 23 per cent

" At tlus level it 15 clumed that no fresh thrombi will form, ner
will aceretions be added to existing thrombi. It is the fresh clots
which are friable and hable to become detached (93). If the
prothrombmn indes falls below 40 per cent, haemorrhages may aeeur,
but they can usually be contralled by the combmed use of mtra~
venous vitamme K (menadione isulpiite) 50-66 mg. ond
transfustons of blood (96).

Administration, 300 mg. 1s given on the first day and 200 mg.
subscquently. The prothrombm mdex 1s estmated dary, and the
dicoumarol is omitted on any day on which the index s below
50 per cent. The drug 1s continued until all rish of embols seers
to be passed; the average length of treatment m one serles was
24 days (97). In urgent cases, such as embolism of the femoral

« artery, an mitial dose of 150 mg. of keparin should be given
intcamusculasly at once. This 1s followed by 75 my. every 8%
hours for the forty-eight hours that elapse before dicoumaro}
becomes effective. .

«Fadications. Dicoumaro) therapy should be begun at the fins

. sign of embolism or of extension of the coranary thrombus. It
should afso be considered 1 all sesere cases where it seems Bikely
that clots may he forming mn the ventricles. Dicoumarol has ltecn .
given over long periods to prevent recurring attacks of mfarction. ]
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negatne or the complexes of bundle branch block mz.xy nppm:
transiently {104). A decrease in amphtude of the T wav € t mu-c

be remembered, may eccur in normal subjects after e‘fn‘cl« (103).
An anoxemia test has been devised, in which the patient l».n:nthﬁ
at atmosphere of 10 per eent oxypen and 90 per v:ent. of nitrogen.
The test continues for twenty mnutes unless pain comes on
eatlier. Pure oxypen 15 then substituted {106). An nhnol:m:\l
respouse, found 1n half the cases. consists cither of o combined
RS-T displacement in the standard leads, and in IV F, of not less
than 3 mms. : or of parhal or complete rev ersal of T in lead 1,
coupled with an RS-T displacement of 1 mm. in that lead: or
complete reversal of T in lead IV F (107). i

A significant proportion of eases had very unpleasant reactions
such 2s pulmonary wdema, eonvulsions, mental confusion or
vaso-vagal attacks {108), so that thesc tests appear to be {oo,
risky and comphcated for ordmary elinical use.

Aortic Disease.  In Syphilitic Aortitis prohferation of the
intuna tound the mouths of the cotonary arteries may occlude
them almost v. Ifaortic is present as well,
the mean arterial pressure 15 low, and the heart will Le hyper-

trophied There 15 then a combmation of dimiuished blood supply
and an overworhked overgrown muscle.

lortic Stenosnis leads to a gross hypertrophy of thie left ventricle.,
In grossly hypertrophied hearts the new capillary formation may
not keep pace with the hypertrophy of the muscle fibres, so that
the cells are poorly nourished. Their inerease in diameter mahes
the diffusion of ovygen through their substances difficult, The
ngdity of the valves wterferes wath the filing of the coronary
crculation i addition the systolie pressure 15 low. Angina is
common 1 old men with advanced aortse stenosis due to the
1 d of Monchebs

Rk Aortre Incomy O ly n young people
with free aorlic regurgitation of rheumatic origin attacks of
cardiac pan occur at rest (109) The attachs are caused by emotion
1 individuals with unstable vasomotor systems. The hlood
ressure nises considerably dunng the attack ; and the heart rate
mcr;ases The tachyeardia is probably of more importance 1n
[::? d ll:lcl‘l;lg pam than the nise in pressure. Amyl nitrite guves quick

¢
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Angina Pectoris *

Herberden, in 1768, first deseribed a “disorder of the heart,”
“marked with strong and peculiar symptoms, considerable for the
kind of danger belonging to it.” Parry wrote in 1799, following a
suggestion of Jenner: “The rigidity of the cornnary nrteries may
aet, proportionably to the extent of the ossification, as a
mechanical impediment to the free motion of the heart: and
though a quantity of blood may circulate through these arteries -
-« « yet there may probably be less than what 1s requisite for
ready and vigorous action,” Recent work has done much to prove
the truth of these older observations. Herberden’s angina 1s due
to a transient relative anoxmemia of the myocardium, and all
attacks are attended by a possibility of sudden death.

Incidence and Aetiology. Scx axp Acrn. Three-fourths of
the cases are over fifty, and the ratio of males to females is 3 to 1
(101).

Coronary Artery Disease. Many patients with angina pectoris
have advanced atheroma of the coronary arteries. If the narrowing
has progressed slowly, the development of a collateral circulation
may be sufficient to provent infarction when the final occlusion
oceurs, Two or three coronary branches may be occluded in such
cases {1). Angmal attacks may appear first after mfarction,
particularly if the patient has not been kept at rest.

Electrocardiograms, BETWEEN ATTACKS. -
clectrocardiograms were found n two-thirds of the cases in one
sertes (102). Among the most common changes are those indieating
a previous infarction. Thus Q waves or pointed mversion of T
may be present n lead T or VF oc m one or more precordial
leads. The presence of myocardial disease may be shown by a
bundle branch block, or latent heart block, by a low veltage curve,
or by notching of the @RS, In fact, any abnormahty affecting the
venfricular compicx supports the diagnaosis of AagunE pectorss.

Durave THE ATrack. Electrocardiograms taken during attachs
beeurring naturally, or induced by smoking, show considerable
displacement of the RS-T junction m exther an upward or fln\\ a-
ward dircetion but no Q waves (103), Attacks of cardiac pain can
often be reproduced by excrase, and n many cases sinulm: dis-
are found. The T wave may become diphasie ‘or

Abnormal

; placements
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; {ally océur if exertion is under-
weather. Thf) e es‘\‘m fﬂ“l‘i‘:ﬁﬁ: of digestion itself entails a
the heart. Patients often
* though the omset is abrupt,
the pain inereases in intensity and very soon becomes intolerable
1f the exertion 1s not stopped . - "
Type of Pain  The pain is usually dcsc.nb.ed s tightness™ or
spressure” § as if there was something ms:dc. which was t?o}»g
fot the chest to hold. It may deselop into an intense constriction.
I many attacks, however, a dull ache anly is felt, and oecastonally
2 burning sensation is experienced, The prin is never stabbing
character ; but is continuons until the exertion ceascs. Bometimes®
dyspnaes accompanies the pan and the patient may be uneertain
as to which makes im stop. Fispecially when emotion is a factor
the patient may refrain from all moyement, and even respiration
Ynay be restricted. This contrasts with the restlessness of any
. patients with nfaretion. In cases associated with emotion there
may alw be a sense of impending dissolution, and sweating and

pallot may be conspreuous. These features are probably due to
the secretion of adrenalin.

Duration. In ang'mn‘o! elfort the paut does not usually Jast
miore than a few rmutes, and passes off quickly as the exertion
ceases  If the attack lasts fonger than fifteen minutes the
Tossibility of infarction should Le considered, On the other hand,
a pain n the chest lasting less than a minute ts sefdom due to
angina pectons. Sometimies a patient 15 able to continue his
exertion and walk off lis pamn, The fact that o raysed RS-T
junction sometumes fell to normal during the anoxemia test
suggests that sofc compensatory mechantsm increasing the
coronary flow may operate in these cases (107). v

Othier Eundings. The blocd cholesterol was raised w yather oyver
half of the cases 1n ane sexes {103), This may account for the fact
that alarge proportion of patients with hcm‘hlm‘y Xanthomatosis,
which 18 due to hypercholesterclomia, suffered from argin:;
pectorhs (114)  .in assotiation with herpes zoster having a
distnibution similar to that of the pain has been noted (115) *

Averea at Rest  Apart from the attacks brought o;x by

emstion, induced by smoking, or caused b i
3 y condition, 4
with extrerne tachy cardia anetead 8. B S assnFmed
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o depressor meehanism. Similar atticks have been recorded in
cangenital heart discase” with an undeveloped right coronary
artery (110). In mitral disease angina pectoris is almost unknown.

Anemia, When the hemoglobin value falls below 50 per cent
eardine pain on exertion may oceur. Myoenrdial anoxemia through
the dimimshed power of the blood to carry oxygen is the cavse.
If coronary artery disease is present too, pain will be felt with a
lesser degree of anemia.

Nypoglyeamia. An overdose of msulin may cause an anginal
attack. Very rovely attacks form part of the svndrome of
spontaneous hypoglyemmia. .

Tachyeardia. A ragd rate such as occurs in prolonged attacks
of patoxysmal tachyeardia, may ocensionally give rise to angina,
The dinunished ontput leads to msullictent filing of the coronary
vessels. Angina pectoris does not occur with auricular fibrillation.

Spasm,  Sttacks with elect; diographie changes have been
recorded in subjeets sensitive to tobacea, after smoking & ergarette
(103, 111). Since these attacks oceurred at rest, 1t would seem
that they must be asenbed to spasm of the coronary artesies.

Diagnosis, The pain of angma pectons has well defined
characteristics and the dragnosis ean usually be made from the
history alone.

Averva or Ervorr.  Iuformation should be sought on the
following powts : the site of the pan: the mode of onset . the
type of painy its duration.

- Site of Pain. The paw 15 substernal. Often 1t is described as
being' felt over the heart, but questiomng will elicat the fact that
1t spreads across the mid-hine. Qccnswonally 1t is feit chiefly at
some other pomt, such as the jaw Cases have been recorded
where 1t was confined to one ot hoth arms {112). If severe, the .
pain radiates over the upper chest and down the nlnar side of the
feft arm, m the area supplied by the first two left dorsal roots.
Tinghng or numbness are also felt at the elbow or wrist. Sometimes
‘thére is & spread to the right side over the corresponding areas.
In congenital dextrocardia, the pan has been noted on the nght

side.
Mode of Onset, The pun 1s brought on by exertion or emotion.

As with dyspnaa, it 15 first noticed winle walking up hills, {ater
on the level. Attacks come on more easdy i cold or windy
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\weather, They ate especially lisble to océu_r it ?‘cmon is unf.{ch
4ahen soon aiter & Teal, gs the process of digestion itsclf entails o
cansderable increase in the output of the heart, Palse.nu often
attnibute their pain to indigestion. Although the onset is abrupt, -
the pain ineteases in jntensity and very soon hecomes intolerable
if the exertion is not stopped. - X . "
Type of Pain. The pain is usually dcsmb.ed asn’ tightnes” ot
“pressure” ;a5 1f there was something im\d.e. which was t?o-lnn
for the chest to hald, It way develop into an intense constriction,
In many attacks, however, a dull ache only s felt, and occmionnl!y
a burning sensation is experienced. The pain is never stabbing in
character ; but is continyous until the exertion ceses. Sometinies®
dyspneea aceompanies the pain and the patient may be uncertain
a8 to which makes him stop. Especially when emotion s a facter
the patient may refrain from all moverment, and even vespivation
may le restricted. This contrasts with the restlessness of many
-, patients with infarction  Tn cases associated with emotion there
may alo be a sense of impending dissolution, and sweating pnd
pallor may be conspicuous. These features nre probably due to
the secretion of adrenalin
Duration. In m\gina‘u( effort the pain does not usually last
more than a few minutes, and p:“‘ies off quickly as the exertion
ceases, If the attack lasts longer than fifteen minutes the
possibility of infaretion should be idered. On the other hand,
& pam in the chest lasting less than a minute 14 seldom due to
angma pectons. Sometines a patient is able to continue his

exerbion and walk off bis pain  The fact that a raised ST
Jupetion sometimes fell to normal during the anoxmmia test
suggests that sorfie h

P Y i ing the
coronary flow may operate 1 these cases {1e7).
. Other Findings, The blood cholesterol was snicad on -1
1f ~e 2L

pectors (113)  An assocsation wath herpes zoster having |
Arstribution simular to that of the pain has been noted {us) Be

A\m\‘\. AT Wrs. Apart from the attacks brought u;x by
emotion, m\l\zm\.by smo¥ing, or caused by condltlon: nxsociam}i

vbhr e o

wobaeina, suffered from  argina
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sleep:  They are found fanly frequently n association with
syphilitic aortic reflux. In one series of a hundred cases of syphilitic
angina pectorss, two-thirds had attacks at night (116). Patients
\yho suffer from these attacks have reached the stage when such
‘minor causes as a bad dream, or overloading of the stomach, or
even shpping into an uncomfortable position during sleep, may
be suflicient to precipitate an attack, The prognosis is bad, and
death is imnunent,
- Nocturnal attacks may also be due to paroxysms of tachyeardia
or to spontaneous hypoglycemia, In some cases the adoption of
a recumbent position will eause pain almost at once (angina of
“decubitus). One patient had angima with electrocardiographic
changes if he reclined with Ius feet rmsed (102).
Differential Diagnosis. PanNicuLtris, Submammary pain
on the left side is a common complaint in women. It consists of a
persistent dull ache which 15 often worse on exertion or emotion.”
This type of pain is often due to panmeuhitis. The apical region is
, tender to pressure, and palpation of the tender area reproduces
~.+ the pain about which complaint is made. Nearly every patient is
exact about this, which makes the differential diagnosis compara-
tively casy.

Fibrositis may involve the mtercostal muscles round the
sternochondral junctions in the second, third and fourth left
spaces. This may fead to precordial pam on exertion or emotion,
duc to the fuller movements of the chest accompanymg nereased
respiration, When the fibrositis affects the pectoralis mnor, the
pam 1s m the upper chest and 1s referred down the left arm, But
again palpation of the tender spots will reproduce the pain, un\d
the statement of the patient can be rehied upon. If he has angina,
he will say that s real pamn is quite different. Both these condh-

, tions are also found m the right side though less often, but the
patient does not assoctate the pamn frons them witle his heart.

Preurisy, Obscure pleurisy may occasion diflieulties. The
pain has a close relation to the phases of respiration. X

Gastric axp (Esornacran Paix. Stabbing pains in the region
of the apex occur frequently. They probably arise in the stomach,
and are of no significance.

Burning pain arising from the s.tomnch, or reflexly from 'ﬂle
gall-bladder, may suggest angina, if the pain occurs some time
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after food, and the patient associntes 1t‘\nth exertion. . stmsc'

of the gall-bladder and angina may co-enist, and the patient n\‘\}l
. suffer from hoth types of pain. The symptoms are ﬂm.\ very hard

to disentangle, Disease of the gall-bladder aceurs \.v\ ice as n(l.rn
in those with lesions of the coronary arteries ns in those with
normal arteries (117)  There is no evulence that one causes the
other, but st may be that some common factor, such as the vagus,
operatesin both. Both may bave hyperchalesterolamia. The pain
ansing from herniation of the asophagus or dinphragm may be
Qiffieult to distinguish eleally from angina, but radioscopy after
bartum will provide a clue to the diagnosis.

Treatment. Grycsnyr TriiTraTE is the most satisfactory
drug to stop the attack. Tablets of 1/100 or 1,200 of grain when
chewed and dissolved in the mouth act in two or three minutes.
The effect lasts about fifteen minutes, and intelligent patients can
use the drug to prevent attachs by taking a tablet shortly before

he moment at which experience has taught them to expeet pain.
*he drug is not cumulative, and ps many tablets as are needed
an be tahen each day. Octyl minte, yhaled, scts rather
juicher than witro-glycerme (118) It is supplied in tubes and
s eom enient to use, Amgyl nitnte, the most potent vasadidator
of all, is of especial value in attacks associated with a rise in
blood pressure

AvOIDANCE OF ATTacks, The patient should be instructed as 1o
the nature of Ins attacks, and warned not to attempt exertion
soon after meals, Meals should be taken dry, and the stomach
st not be overloaded at any time. A reduction in weight, in
those who are obese, wall result 1n an increased effort tolerance,
Tispecial care should be taken tn eold weather: o hot drink can
\;:n::\:: s\;‘e::;; ‘gomﬁ otxt‘i An abdominal belt may help (119),

they ar: better \v)ft:u:t“et ‘l’:ﬂ ¥ after ncal. )l:an)- vatients find
moderation does no hznln.a olg Et)‘)er, and grve it up. Aleohol in

Ravense Conrprxn: ‘le "i“e}’ s often hc“e.ﬁcml'
compounds lessens th’e fs. v routine sdmimistration of s_canlhinc

requency of attackhs. This has been con-
trolled by electrocatdiograms taken after vxerasc {120), and aft
anoNamua (121), as well as by the mCr;awd tok;av‘xcam :ﬂ tl“
patient, Some 1nprosement 1was fated aftes srant b the
ev thet
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gr. vi, each taken four thmes daily. Patients with less severe angina
did best, but the respons¢ to the different compounds varied in
different patients. In addition to these drugs, we have found
quinidine, gr. vi, four times daily, to be of some use. In anvious
patients phenobarbitone helps considerably. .
Tmovracit. Thyroidectomy used to be performed in cases of ,

. intractable angina pectoris, the aim being to reduce the metabohe

.

needs of the body, and with them the speed of the circulation, toa
level wathin the compass of the damaged heart. The same result
can now ke obtamed with thiouracill. Thirty-seven cases were
given thiouracil in mmitial doses of 0.6 or 0.4 g. daily with 0.1 to
0.2 g. as maintenance doses (122). Treatment was continued for
about six months and improvement was noted m 25, or about
two-thirds of the cases, after an average period of four weeks.
The failures included five patients in whom the*drug had to be
stopped 1n a few days on account of fever, and three who developed
neutroperia later. The B.M.R. fell and the blood cholesterol rose
inall cases, and the patients gained weight, but subjective improve-
ment bore little relation to the grade of myxcedema mduced.
Thiouracil 1s eertainly useful for patients with angina in whom
other forms of treatment have faled, but close supervision is
necessary as the white cell count may fall at any time. There &
alsoa tendency for ccdema to develop, especially in the lungs. The
underlying disease 1s not checked 1 1ts progress, so treatment
may have to go on indefinitely.

Nicotinic Acid Infusions have been suggested (123), 150 mg.
are dissolved 1n 300 ccs. of saline and given intravenously by drip
infusion. The dose 1s increased gradually to 300 mg. 1n a course
of six infusions given at weekly intervals. The results are uncertain
but some patients respond well, losing therr pam, Nicotinie acid

_ by mouth is useless,

;

Surcicar Measures. Vanous surgical measures have been
devsed to stimulate the growth of new ves<els (124). The surface
of the heart has been abraded by introducing powdered beel bone,
oc grafts have been taken from the pericardium, or muscle of the
chest wall, or from the omentum. Since only itractable cases, “)30
have failed to respond to all forms of medieal treatment, have been
submitted to operation, the mortahty is high, reaching 30 per
cent, Although some have improved,. the surgical treatment of
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PROGNOSIS -3
angina pectoris must be regrardéd as being still in the experimental
© itage, and no recent developments have been reported. !
‘ Proguosis. The progrosis is very variable. There s alwaysa
risk of infarction, and sudden death from syncope, or ventneular |, -
fibnllation, may oceur in any severe attack, The course is stawly
progreseve o5 a rule, Attacks of angine pectoris mny clear up
if the patient subsequently has an occlusion, and attacks which
amise following an oeclusion may cease after a time. The average 7
expectation of life is aver eight years, and some eases hne el
longer (125) As o general rule’the frequency of the nttachs ansd
the amount of effort required to produce them are good guides to
prognosis,  Noeturnal attacks aceurmmg regularly Tuve the wont
prognesis

REFERENCES
0. Breweans Caene - - . 11,191
. 1dss, 116, 91,
= ER S PP ) " .
5 Hawstan (1941) Amer. Heart'] 21 A0
R Brmmmn . )
o6l
i . eart ], 18, 613,
15 . ’ e '
16 .
17 »
18 "
19 . '
20
1 e, smer med ’
21 S1ead, Enenr (1012)' drek soterm 8128 69 men
8 i‘-\m:oa 9‘3‘3”14 Briz Heart 7, 4, 161 R
23 Way: v Hear
21 groms T). mey Heart | 17 102 . .
25 > .
5 +omed Adss 118, 979
N . . - + Rossaany, Heenr,
7 . 't dmer.Hear(y 27,19
7,164, 3
. Heart 1,27, 8a3
l:..;{Hm:] L4
mer. Heart 115, '35
35 (.ans‘l;;;:NfA:Nln vress Lot 1 * ’
36 Worrkny, \\’éon”’(m'm'" Heart } 23, 493 .

3;
Anmer fteant 1 22 tna



21 . ANGINA PECTORIS

37 GOLDBERGER (1042) Amer Heart J., 24, 378

38 BUTTERWORTH, POINDEXTER (1946). Amer Heart f., 32, 681

39 NYBOER (1941} Amer Heart J , 22, 4

40, UNGERLEIDER, GUBNER (1947) Am!r Hmrtj 33, 807

41. Myers, OREN (1945) Amer Heart J 29, 7 N
42 Woop, WoLFERTH, BeLLET (1938) ~Amer H:arx] 16, 387

43, Tuousov FeiL (1944) Amer [ wmed Sci, 207, 5

44 RoStNBADVM, WILSON, JOHNSTON (104G) Anter }kart J. 32,135
43 MastRR, DAck,JAFrE (1938) Amer Heart J, 1

45a. Rorsu:n DRESSLER (1947} Amter Heart [, 34 814

16 Youwg, KorNic (1943) dmer Heart J , 28, 28

47, Cusxn\c, FEIL, STANTON, WARTMAN (194") Bnl Heart J., 1V, 35
48 BELLET, McMILLAN (1938} .irch antern Med, 61, 381

49 LANGENDORF {1941} Amer Heart [, 22, 86

50, BARNES, BURCHELL (1942) .lmer Heart |, 23, 247

51 VANDER VFER, NORRIS (19390} [ Amer med Ass, 113, 1483
52, Roub, Rone (1939) Amer | med Sa, 197, 7

33 Ro=eB, Rors (1939) Amer J med Scr, 197, 17

54 Friw, Cusiing, Harprsry (1938)  Amer ] Hears,, 15 721

55 StrAUSS (1940) Amer J med Ser, 200, 474

56, WLINBERG, KATZ (1041) Amer Hmrtj 21,699,

37. VANDER VLER, EDWaARDS (1939} Amer ] mm‘ Sr:s , 197, 663
58, RoninsoN, CONTRATTO, LEVINF (18938) Arch sntfern Med, 63, TIN,
59 MASTER (1041) .lmer [ Roenigen, 45, 350

60 MASTER, GUANER, Dack, ]m-n-: (1920), Amer Heart J , 20, 475.
Bl ™~ Seeesan Maerro 10N gy Heart J., 19,464

62 . - mer Hmrl] 19 153
63 . Heart J ,
64 . Am:r Hmrt] 16, 133

. i 3
GG TuomsoN (1947) Laneet, 1, 630
67 MiLier (1045) Amer J med Sci, 209, 211
68 Swrtn (1939) Amer Heart J 17 7
60 Bavrry, FADER (1041} dmer Heart] 21, 238 N
70 Woop, LvEZEY {1942) Amer Heart |, 24, 807
71 MooLTEN (1942] Arch tnfern 3!1«!,69_ 108
72 Woop (1944) Brit Heart J 4,1
%3 AskCy, NEURATH (1943) Amer Heart 29 575
74 EDEIREN (1043) .-lmer ] mrd Scu 203.

5 ern A'lrd 68, 913
76. ,24,
77 . T wed S0y , 196, 513
78 Cor Heart ], 33, 443
9 . 23, 362
50 . 1
sl tern Med , 14, 100 .
82 . 1) Quart | Med, 7, 453
83 "
81 - cr L, 502
8 ‘rn Med , 66, 800
‘86 - . 40
& : Yeart ] . 23, 715
Iy . Heait T, 33, 637
o " . . Heart [, 12 549
a1 <eases
02 . . - J.1,621 _
3 I * 15) ‘Surgery, 17, 207



- REFERENCES a5
1 Teegan et fineny T Swew werd e 1700903

106 Levy, Brvens, Russees (1030) dmer. ] med o .20
I0T Pavewson, Cunakg, Ly (1942), Amer Heart J 23, 837,

. 103 Lave, Siiiias, Brossy, Casr (1941 Amer ) T o
100 Lewis (1920-31) Heart, 15, 303

10 WhirinG (1937) dmer Heart ] 14 104

1) Bryast, Woob (1947) Amer Heart J 33, 2

112 Spurade Winre 940, Briz Heart {2,123

13 Rism Baows (1031) dmer Hoait J 14,331,

1§ MimizR (1039) dech snievn Med

15
115, Speiave Wonre (1939) Brit Heart j, 1, 201
116" Joves Beproxn (1941 Orit Heart J 5,107
1T Wast, Buas, Tagoass, Werre (1910} dwer Heant J, 21, o5
ity ¢ Heart ] 22,5
i
2 r Heart J 22, 404
121 r B '
122 mer Hearl ] 22 232
123
124

Bec (1941) Amer Hewt 22
125 Waire (19€)) ““Heart Disease * iy Edu,p 8%



CHAPTER VIII ’ )

BRADYCARDIA AND DISORD]ERS OF CONDUCTION
7

Bradycardia and Disorders of Conduction /'
Postural Hypotension .
Uxptr this heading are considered sinu-auricular block and
nodal rhythm, auriculo-ventricular heart block, and bundle branch
block. The presence of disorders of conduction may show that
the myocardium is discased, but this does not necessarily medn
that the heart cannot work quite cfficiently. Bradycardia from

other causes is usually harmless.

Transmission of the Imf)ulse. The impulse for contraction )
arises at the sinu-aurieular node of Keith and Flack (1916), which
lies at the junction of the superior vens cava and mght auncle.
It spreads thenee throughout the walls of the auricle, where there
is no speaial path to conduct it. At the base of the auricular septum
just in front of the opening of the coronary smus, the muscle,
fibres of the auricle run together and interlace to form a definite
strand of tissue. This structure 1s known as the auriculo-ventn-
eular node of Tawara (1906). From it the impulse is transmitted
to the ventricles by the auriculo-ventricular bundle of Kent and ,
His {1893), which runs forward and slightly downwards under the
median cusp of the tricuspud valve on to the ventrnicular septum.

* The central fibrous body of the heart Les on 1ts left, and the root

of the nutral valve is not far off. The bundle passes belnd, n.nd
immediatcly below, the pars membranacea septi. At ths point

- it divides mto two branches. The nght branch runs for some

distance as a single strand down the septum, under the
endocardial lining of the right ventricle, There 1t breaks up, 2
considerable strand runming across the moderator band. The .

‘. left branch passes under the pars membranacea septt to the left

“ventricle, where it Jies just under the comnussurc of the riglft
anterior and posterior cusps of the gortic valve. At this point it
breaks up into a'widely-spreading fan of fibres, which curve down

' ' 226 "



VAGAL BRADYCARDIA 2

the septum under the endoeardium of the left ventricle. "ﬂx.c
tywigs of both branches anastomose with the network of Purkinje
lining the ventricles. .

The node receives its blood supply from the cxrct_lmﬂcx brm’!ch
of thesnght coronary, Septal twigs from the anterior descending
branch of the left coronary penetrate also to supply the lower

past of the bundle, Many nerve fibrils and ganglion cells are found *

in the region of the node, The fibres are derived from the vagus
and sympathetie. N

This traditonal view of the conducting tracts in the ventricles
Thas recently been challenged (1, 2).  Glomset wos unable to find
any satisfactory evadence of a special conducting system in the
ventneles in the hearts of dogs or i man, He points to the
disturbing fact that wlile Keith and Lewis originally described
the bundle as a strand which could be seen by the naked eye
beneath the endocardum, serisl sections have been required by
all wnters since 1920 to insure that the track of the hundle 15 not

lost. He agrees that many nerve fibrils and ganghon cells are |

found in the aumculo-ventricular groove, and considers that
vonduchion thence takes place along the muscle bundles deseribed
by Robb. This work has not yet been confirmed from other
sources

“Bradycardia Due to Vagal Influence. An important action

of the vagus 1 man is to depress the rate of impulse formation

at the sinu-auricular node. Variation in the vagal fone canses
irregularities in the cardiac rhythm, '
Respinatosy Qnmec A-e

wo .
v

w s v anace gy ve reduced sery cm\s’adﬂnh\_\':
.In \tsflf this 15 of no significance. It may be conspicuous after
mIec.tmns, especially if the rate of the heart is slow, Occasionally
}\;e l;;—r:.gu\a.n&y ;; so0 stokiag that some serious disorder such as
ibnllation may be suspected = this may oceur if i

e e y occur if the breathing s

ren do not show si; ¢
degree. After puberty, s e e tho to -y

¢ sinus arshythmia is less cor
it may be present at auy age, g oo, aithosgh
N Prsic S{xus ARRIYTMIIL, The second type of sinus acrythmig

28 1o relation to the phase of tespiration. It is known ns “phasic
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Sinu-auncular block

sinus archythmia.” In this form the vagal tone inereases for some
-+ seconds and then fades again, It may occur as the result of the
stunulating effect of digitalis on the vagus There, too, the condi-
tion has no importance except as an indication of the effect of
digitalis. It occurs 1 convalescence after fevers and as o result
of influenza : 1t is the eause of the bradyeardia of jaundice.
Sivus Brabpvcarpra,  In the adult the rate of the heart is
usually somewhere about 70. But some people have a much
slower pulse, In them the slow rate 1s due to a high vagal tone,
The condition 1s common mn athletes, Large men often have slow
pulses. The term commonly used to describe this condition is
“sinus bradycardia.” Agam it is of no importance. The rate is
usually about 40 to 50. The rhythm 1s rarely completely regular,
There 15 the usual quickening on exertion or emotion.
Sinu-dwricelar Rlock 15 present when a complete eardiae cyele
is missed. It gives rise to an rregulanty impossible to distinguish
clinically from A-V heart block with dropped beats. The electro-
cardiogram shows that the auricular (P) wave is absent as well
"+ ns the ventricular deflections, the impulse having failed to start -
(Fig. 34). After a pause the next cycle appears in its proper place. ,
The cyeles before the nussing ones sometunes come rather more
quickly than usual. Those following the gap are a little slower.
This varation 1 spacing of the cycles is very like that seen in the
casc of ventricular beats in partial heart block when beats are
dropped. On this resemblance 1t was suggested by Wenckebach
that there mught be a block between the sinus and the auncle,
Sometimes many cycles are nussed. If every alternate beat is
missing, a bradycardia of about thirty-five results, This is some-
times found in athletes dunng trmming, Exercise will cause an
abrupt doubling of the rate, .
Sinu-auricular block does not sigmify heart discase. It is
sometimes found in patients who are suspected of having Stokes-
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Adaws disease from the slow and trregular pulse. The condition
15 probably wholly vagal in origin, and can readily be abohished
by atropine.
Jfuricular Standstill, in which the auricular contractions fail
“altogether, 1s very rare, and is due to poisoning with digitahis or
quinidine (3). Unless the ventricles commence at once to beat
independently, death will result, and this may account for some of
" the unexplaned sudden deaths during the administration of
digitalis (3)
Novsr Ruvyritst. If the sinu-auricular node is depressed by
vagal action, a lower centre may take on the role of pacemaker.

Nodal Escape The third, fourth

and eighth compl
the AV node The Hith comples, (4) 18 5 pedmenes 2 00

miplex (¥) 15 a response to Py

Nodal Rhythm  Nate nverted P waves (P,
ventoieular deflectiong

T 15 often the AV node,
“Thythm ® The rate 15 usuall

l-‘,lrctrmrdmgrams show
mierted P wayes, g,

) following the

and the heart then beats to a
ly about 50,
normal ventricut:
gfying retrograd,
either Just before,
they may be buried 1n th,

“nodal

ar complenes with
¢ spread througly the
or just after, the QRS,
e QRS and not appear at

auricle, occurting
Alternative) v,
all.

In young people nodal i
* R ythm may somet] .
for Tong periods More often it appemy-s furen“:;:;‘.m mam!.amcq
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" Fia. 34 * -
Swmu-auncular block
sinus arrhythmia.,” In this form the vagal tone increases for some
scconds and then fades again, It may oeccur as the result of the
timulating effect of digitalis on the vagus. There, tos, the condi-
tion has no importance except as an indication of the effect of
digitalis. It occurs in convalescence after fevers and as a result
of influenza : it is the cause of the bradycardia of jaundice. -
Swyus Brabyearnra.  In the aduli the rate of the heart is
usually somewhere about 70, But some people have a much
slower pulse, In them the slow rate is due to a high vagal tone.
The condition is common 1n athletes. Large men often have slow
pulses. The term commonly used to deseribe tins condition is
“sinus bradyecardia.” Agamn it is of no importance The rate is
usually about 40 to 50. The rhythm 1s rarely completely regular.
There is the usual quickening on exertion or emotion
Swnu-cduriewdar Block 1s present when a complete cardiac eyele
is missed, It gives rise to an irregularity impossible to distinguish
climieally from A-V heart block with dropped beats. The electro-
cardiogram shows that the auncular (P) wave 1s absent as well
as the ventrnicular deflections, the unpulse having failed to start
(Fig. 31). After a pause the next cycle appears in its proper place. ,
The cycles before the missing ones sometimes come rather more
quickly than usual. Those following the gap are a httle slower.
This variation in spacing of the cycles 1s very like that scen in the _
case of ventricular beats m partial heart block when beats are |
dropped. On this resemblance 1t was suggested by Wenckebach
that there might be a block between the sinus and the auricle.
Sometimes many cycles are nmssed. If every alternate beat is
missing, a bradyeardia of about thirty-five results. This is some-
times found m athletes dunng traiming, Exercise will cause an
. abrupt doubling of the rate. -
Sinu-auricular block does not sigmfy heart disease. It is
. sometimes found in patients who are suspected of having Stokes-




SYNCOPE s it

in one case (7). Rarely the sinus may be irritated Dy pressure f“’““
a.tumour on the neck, The result of cardiac arrest is & sy ncopal
m(i.'cat;liac Syncape may be caused by several circulatory (\hs‘\m‘h«
ances which lead to cerébral anmmia. The most dangerous is the
Stokes-Adams synd since if the idioventricular centre docs
pot start within two minutes, death will result. Extreme End\_\'-
cardia, such as oceurs in an attack of ventricular fibrillation or

. 1-1 flutter, causes syncope as the blood flow to the bram prace
tically censes, Old people with calearcous anrtic stenosis are liable
to have syncopal attacks (p. 62), or an attack may mark the onset
of a coronary occlusion {p. 195). - -

An ordmary famt is due to a diminished volume of blood
relurning to the heart. It is seen in its simplest form in those who
"faint after standing for some time without movement. In these
the cardiac output and stroke output was found to fail by 30 per
cent (8). Before they collapsed, pallor and sweating were present
indicating & lation of the sy
an attempt to cotapen:

P ic. This seemed to be
sate by vaseconstruction for the lack of
muscular contractions which assist the return of the blood sgainst
gravity through the veins. Sometimes there s tachycardia which
aggravates the situation by shortening the diastolie filling time ;

but usually bradyeardia results from’ vagal influence. The bood
pressure is low.

Emotional causes, such ay agitahon, pain, disgust or surprise,
aTe often exerting factors, Presumably they lead to o pooling of
the blood in the splanchic area, ‘The attack may be very sudden
and then the vagal effect predominates. Pattents are more ha\)\e‘
to faint in hot weather or in stufly atmospheres owing to the
dilatation of the skin vessels which occurs under these conditions ;
o exupty stomach glso inereases the BB, A hoolme g of

: ¢ omne

‘ " . iome -
, but

- prolonged, wutonuon 1n the aged and may bc

. Tmmediate rehef{ may be pained by laying the patient flat. *

Sometimes a certain degree of faintness may persist for St:\'emi

hmfx_s An mjection of adrenalin and atropine is the best treat-
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Fre 37

Nodal Escape As the vagus slows the heart on expiration, the
apniculo-ventnicar node escapes  The P waves are then busied

the sinus impulse 1s unduly delnyed as m forced expiration (xmdt‘\l
escape) (Fig 87},  In sinus arrhythnua alteration s the shape of
the P wave is often seen during the expiratory pauses, suggesting
a shift of the pacemaker to another level in the 8-A node or to’ |
another part of the guricle, .
Coronary Sinus Rhythm ongwates m the upper part of the AV >
hode extendmg up the sinus of the eoronary vem (3) The waves
* are poative i lead 1 but sharply mverted m leads I and 1L
(¥ig. 88). The PR nterval 1s normal. and so 1 the rate .
Nodal rhythm, and nugrations of the pacemaker 1n the aunele,
are of no clmical mgmfieance. They can usually be abolished by
exercise, and nearly always by atropme.

A nodal rhythm st an une
waually fast rate is associated
with nterference dissociation
{p 2#1): nodal rhvthm may
also lead to reciproeal thythm
{p. 240). In both these rare ins’
stances retrograde heart block
between the A-V and sts -
nodes s present m additon.

Canptac Anrxpst I the
vagal miluence 15 sufficiently
strong, asystole of the whole
heart may oceur (6) In sensi-
tive indonduals asystole may

: T 38 Lea follow catatsd swus pressure
ormmary smun i, MO (08 Standing erct ofter
heart 1 verticat Three minutes after  hard physieal work hrought

injectian of a“;g;‘ﬁ"r waves became .asystole lasting 19 seconds




HEART BLOCK .3

The towun of any acute infechion may interfere with the (:cl]s
transnutting the impulse Heart block may be found n sev ere
anemia, Complete heart block has been recorded in hyper-
iy rodism, disappearing under wdine therapy (1.‘2). and as the
result of thiouracil therapy (13). Syphilis is oceasionally o cause
of heart block 1 muddle age. .\ subacute septic u.\doc:\rdlhs may
spread down to the top of the septum, or an ifection may burrow
m from the mitral valve.

CoscraiTaL Drrrers  Heart block may be associated with o
defect in the interventncular septum. ‘The septum is incompletely
developed at the top, leaving a liole where the pars membranacea
septi should be {p. 11) Complete dussociation of the auricular and
ventricular thythm 1s the result, Congemtal complete heart block

Tias been diagnosed before birth by a sudden halving of the fartal
heart rate (14).

Drucs. Drugs of the digtshs group depress conductivity

ndirectly through the vagus, and directly by their action on the
junctional tissues

Latent Heart Block or Prolongation of the P-R Interval.
1t 15 not possible to subdivide the time taken by the impube to
pass through the auncular muscle, and thence down the bundle to
the ventricles. M 1 the el di are taken
from the beginming of the auncular systole (P) to the beginning of

the ventnicular systole (Q or R). This peniod 1s known as the P-R
or P-Q mterval

In a small proportion of cases measurements of the P-R interval
may be incorrect 1f taken from lead I, since a Q wave in lead 1
may cancel the corresponding R 1n lead KII (15) This will cause
an abbreviation of the QRS 1n lead II, the imtial phase bemng
tsoelectrie, with a false lengtherung of the P-R in this lead. To
obtain the correct value, the duration of the longest QRS in any
dead should be subtracted from that of the longest .S Lead 111
usually provides the most accurate P-R intervals  in lead I they
are often too short

‘The a3 erage normal P-R interval 1s about 0 16 second. It varies
both with the size of the individual and with the rate of the heart,
In young imfants 1t is usually below 0,32 sccond . in children 1?
seldom exceeds 0 19 second, but may do 5o if the vagal action j
strong. Thus 8 out of 150 apparentlv narmal At Is
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ment. Hypoglyciemia must be remembered as an oceasional cause
of syncope, the result, in some cases, of hyperinsulinzmia,

Auriculo-Ventricular Heart Block

VWhen there is impairment of conduction of the impulse from
the auricles to the ventricles, A-V heart block is said to be present,
The impulse may only be delayed in its passage—this 15 prolonga-
tion of the P-R interval, or latent heart block ; or some mpulses
may fail to get through—then there is incomplete or partial heart
blotk. Finally, all thedmpulses may be blocked, and the ventrieles
respond to an idioventricular centre, the nuncular and ventricular
rhythms being dissociated—thus constitutes complete heart block,

Actiology. VacaL Errect. Stimulation of the vagus depresses
conductivity from auricle to ventricle. A few rarc mnstances have
been known m which a tumour of the neck produced complete
dissociation of auricles and ventricles. Stimulation of the carotid
sinus, or ocular compression, may cause reflex depression of
conduction by increasing the vagal tone.

Vascurar Lrstoxs.  In elderly people, obliterative processes:
in the arterioles, )t d by repl t fibrosis, may cut
off the blood supply to the bundle, and thus depress 1ts function
or cause 1t to degenerate. This is much the commonest cause of
heart block, accounting for 65 per cent of cases of complete block-
(9). A septal mfarct may cause complete dissociation or bundle
branch block.

Toxic axD INrLayyatory Carses. The myocarditis of acute
rheumatism 1s espeeially liable to cause A-V heart block, Latent

* heart block is common, and probably more cases would show

prolongation of the P-R 1if electrocardiograms were taken more
frequently during the acute phase. Dropped beats are not
uncommon and complete heart block may occur. Tiis action 1s,
in part, due to the vagus since the A-V block can nearly nl\‘:n_\s
be abolished temporanly by the intravenous mjection of atropine.
gr. 1/30th (10). )

The toxin of the Klebs-Locfller bacillus of diphtheria ts well
ﬁnown to cause heart block. Complete heart block 15 pcrh:.I]ZS
the most dangerous complication of diphthenitic myocarditis
(p 101). If recovery takes place, the heart block usually c!cms up
completely, but oceasionally the defects of conduchion persist (11).

:

-~
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premature beats nhere the ventrieular response is blocked. Sinu.

surieular block 15 indistinguishable clinically from -V heart

‘

block. b

Dropped beats are usually transient. They are assocjated with
infections such as acute theumatism or tonsilitis,  Other cases
octur during digitalis overdasage, but here again, an infection is
often present as well (19). In both these groups the heart Hlock
oftens clears up, In older people dropped beats are less Trequent,
2nd in them the latent heart blogk persists, or elsé the ok toay
increate to a 2.1 black ar to complete block, 2.1 block, in which
every siternate wnpulse fails to get through, is relatively stable
and may persist for long periods, even for Years. Aurieular systole
may be heaed between the ventricular beats. High gendes of
block, such as 3.1 or 4-1, are rare, the patient asually passing
struight on to complete heart block.
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intervals in exeess of 0.19 second, and in ofie it was 0.24 second :
8 out of 140 rheumatic children, without activity, had increased’
P-R intervals, the maximum being 0.40 sccond. Mild exercise in
one child increased the P-R by 0.17 second (16). Cases have been
recorded of healthy young men who had P-R intervals of 0.40
second when suping but normal intervals when upright; one in
addition had dropped beats (17). In large men with slow hearts
the P-R interval may exceed 0.20 sccond. Generally, however, a
P-R interval.over 0.20 sccond is considered to be prolonged :
although a small increase should not be taken by itself to signify
heart disease.

. Prolengation of the P-R over 0 20 sccond has been termed
latent heart block, since graplue records are needed for the
diagnosis (18). An exception to this occurs infrequently in mitral
stenosis, when the presence of heart block may be surmised 1f an
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Lead 11, showing prolongation of P-R interval to 0 41 sec

appreciable mterval elapses between the presystolic murmur and
.+ the mitral first sound. On rare occasions the sound of auncular
- systole may be heard before the first sound. causing o third sound
to be heard. In latent heart block the P-R interval may reach
0/40 second, and we have seen 1t as long as 0.60 second, but it
*is usually from 0.20 to 0.26 sccond. It often remains constant for
' years but may gradually increase (Fig. 39). v
" Incomplete Heart Block with Dropped Beats. Dropped
beats can usually be recogmsed clinieally since a ventricular sy: stole
is nllSSll\g No pulse wave will reach the wnst, and on auscultating
over the heart no ventrieular contraction will be heard. It is
important to confirm the gap in the pulse rhythm by nuscul!nhmlxl,

for premature beats may fail to reach the wrist, but they wi
e audible over the heart. Exceptions to this are auriculat

P -

usuatlly b



COMPLETE HE.ART BLOCK 287

‘The chmeal recogmition of _mm‘p!ctc feart bloek :|~ |§nl dnmc!l\t.
1n addition to the slow rate the first heart sound vavies it wtensity,
bemg londer when it coineides with an auricular « stole. In the
Tonr duastole ymuflled sounds of other auncutar systoles are often
au(i’xble. Venous waves, when visitle 1n the jugolar veins. can te
seen $o have 1o relation to the ventricular systole and they vary
1 size, apart from respiration, as the tricuspid valve 15 open or
“closed.  These signs of auriewlar actiity, which were first
noted by Stokes, sre, of course, atwent if the auricles are
fibrillating, and they are not.easy to appreciate if the ventricular
rate 15 over 50.

Llectrocardiograms show that the ouricular and yentrienlor
rhythms have no relation to each other, and that the auricular
shythm 55 the faster. The auricular rhythm is often slightly
wregular, since the P-P intervals with ventneular contractions
between them are shorter than those without (21). On screen

ination both the lar and ventrienlar rhythms can
usually be seen clearly, the oscillating poit being found in the

Tegion of the left auricular appendage just above the left sons
tricular border.

, Complete heart block 15 usually permanent, the majority of
cases being due to degeneration of the condueting Yissues secondary
to vascular lesions  After diphthena and frequently after infarc-

. ton, conduction returns to normal, 1f the patient surviy es the acute
stage  In rhewmatism, recovery is often incomplete, some latent
heart block persisting. Bundle branch block is nrecent 1 abdetine

smentucs, Lie mam stem being intact (22).
Intermittent Complete Heart Block. Complete hieart block
Tuay alternste with normal thythm. Syncopal attacks are hikely
to occur during the transttion periods, Later complite beart Wock
wsually becomes established and the attachs then disappear (23).
There 15 probavly a progressive organie Iesion in these cases as
atropime has no effect on the attachs (35
Stippr-Norvat RECOYERY Pirast w.
explain the fact that immediately aft
tory period, heart muscle may res
the normal threshold stre

as a term used by Lewis to
er recovery from the refrac.
¥ respond to simuh which are below
ngth. In some rare cases paroxysms of
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Dropped beats The auncular rhythm 1s regular (P} but heart block

causes prolongation of the P-R interval until the third or fourth is

blocked P tends to be merged 1n the preceding T wave, and alters its
shape

cells which finally reaches a point at which the impulse is not
accepted.  Following the rest so gained the cycle 1s repeated
(Fig. 41).

Complete Heart Block. In complete heart block, the auricular
and ventricular rhythms are dissociated (Fig. 42). The ventricles
now beat to an idwo-ventncular thythm. The site of the new
pacemaker 15 1 the junctional hissues just below the block, The
rate is usually from 30 to 10 beats a minute, but 1t may be G0 or
more in congenital heart block, diphthera, acute rtheumatism and
following cardiac infarction. The rhythm 15 regular, unless
premature ventnicular beats are present. The rate 1s unaffected
by exereise, emotion, amylmtrite or fever. When the pacemaker
is situated 1n the upper levels of the bundle, 1t 1s probably to some
extent under the mfluence of the vagus, simce atropne, gr. 1/30th
intravenously, may cause some wmerease in the rate. The merease
is greater if the mital rate 1s Ingh. Adrenalin has but hittle effect
on the rate unless 1t 1s low. The heart, m complete heart block,
responds to exeréise by increasing the stroke volume as the rate
cannot be raised. The pulse pressure 1s usually hugh, owning to
elevation of the systolic pressure. -

Fic 42

bs i d
heart block. Note slow alteration m tune relationship of P an
Cn\q‘c‘;]tcrtliular complex T waves are distorted by superimposed P waves
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“Tracmg of jugular and radial impulwes durng a Stokes. \dams® attack,
Jasting 18 seconds  Auncolar contractions {a) can be seen i the jugular
{racing untrl obscured by stertoraus breathing, which cnsues 1n eight seconds

Cuinical FEaTures. At the onset of the attack the patient
s\‘xddenl.v turns pale and loses conseiousness. If standing, he will
fall to the ground. No pulse can be felt at the wrist: no sounds
can be heard at the heart  After a few seconds he may become

ed and iderable sull may be seen over the face
and lips: or he may remain pale during the course of the attack.
The eyes stare, or are rolled up  The breathing next becomes
stertorous, and after about 15 seconds clonic convubions, mairly
of the upper part of the body, enshe which last until the pulse
returns, when consclousness is rapidly regained. During this time
there may be incontinence of urine and faces. There are no ill

effects on the brain after an attack; the patient is himself again
in a few moments {Fig. 43).

Chene 12
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complete heart block occurred when the auricular rate slowed, and
. 'mormal conduction was not established until an idio-ventrecular

beat came between 0.5 and 0.9 second before 8 P wavé. Once
established, normal conduction continued until the interval
between the aurienlar beats excecded 1.0 second, when conduetion
failed until another idio-ventricular beat with the same timing
occurred (25). Sumilarly 1n complete heart block a Stokes-Adams

" attack may take place unless conduction is started by a

’

su\iiably timed premature ventricular systole. Such premature
systoles may, on oceasion, be stimulated by the use of adrenalin
(Fig, 47).

The Stokes-Adams Syndrome. The Stokes-Adams syndrome

Cis distinguished from other types of cardiac syncope by the fact

'

,that the auricles continue to beat, although after 20 seconds of .
ventricular standstill the nuricles are affected by asphyxia, They
may beat more slowly or irregularly, or they may pass into flutter
or fibrillation, or they may stop.

Stokes-Adams attacks always constitute a medical emergency.
Unless a centre m the ventricle begins to beat at once when
conduetion fails, the patient will die. Recovery rarely takes place
from ventricular standstill if 1t lasts more than a minute.

Attacks may be expected dunng the rapid development of
severe degrees of heart block. Thus they complicate the heart
block of diphthentic myoearditis and of eardic mfarction, in
which an clement of shock enhances the cerebral anwemia by,
l()/\\'enng the blood pressure (26), and are common in cases of
intermittent complete heart block, In this type the attacks usually
cease when complete heart block becomes established. .

They may also anse during the course of complete or partial
heart block when ct g ventricular plexes of bundle branch
type denote multiple centres of impulse formation in the ventrirles
(27). In these patients, attacks tend to recur and death ne}lﬂ)’
always takes place in an attack. A curtous case ias been dcvcnbt:d
in. which many syncopal attacks duc to ventricular standstill
oceurred in a patient with a persistent sinus bradyeardia, no heart
“block bemng present (28). The condition was attributed to o state
" of dimmished exeitability of all the pacemakers. .

Lastiy attacks may be caused by paroxysmis of vcnmcl'ﬂm‘
taéhycardia or fibrillation complicating complete heart block.

0 . - - ,\» v/.-4
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* RETROGR.IDE HEART BLOCK . 21

of a progressive increase in the ventrieulo-nuneular conduction
time, until finally an aunicular impulse with an inverted P is
followed by = second sentricular beat (R), the single impulse from
the node having given rise to two ventricular contractions. The
rthythm may occur every other beat, analogous to 2-1 forward
block, or every 4th or 5th (Fig. 45). It 1s often associated with
digitalis averdosage (30), and 1t is transient. In a patient with a
patent ventneular septum, where it was found during digitaliza-
tion, atrapine was without effect (81).

Fic 45
Ee_cgnzc,al@)lk{rﬁl with 2 reversed Wenkebach period of five

InTERFERENCE Disso
S i ste sheumatim (3%, 8 ol gtioe s
:: ;r;usualli\)vlfust rate. The sinu-auricutar nmie, whichaxbs doecpcr“e;s:(;
and b:d ‘;“:cgf‘:: ersn:;lnmm & thythm fast enough for the needs of
dxssncmt;on e e :‘uncle at aslower rate, There 13, therefore,
e et Ie;.n ; ; auncular and ventrieutar rhythms, m;
o e heast ;): » but with the dilference that the ventrienlar
3 + Retrograde heart block is here complete : the
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Errcrrocsnbiosr vus, Of the four types ventricular standstill
is the most common (6). “The P waves continue unaltered, or

" somewhat faster, in short attacks. In long attacks they may

become slow and rregular, or fibnllation may supervene, or they
may disappear. This is the type to be expected when conduction
fails down the bundle and the idio-ventricular centre does not

‘start at once.

Attacks may occur when the idio-ventricular rhythm 1s
unusually slow, Faiutness is felt when the ventricular rate is less
than 20 a mnute, and unconsciousness supervenes when it falls
below 10,

In attacks that occur after the establishment of complete heart
block, when bilateral bundle lesions may be present, there is often
a shift in the 1npulse formung centre in the ventrnicle before the
ventricular standstill. The pulse becomes irregular from ven-
tricular premature beats, and then the new centre takes over at
a faster rate. The rate may be in the neighbourhood of 60, or
ventpicular tachycardia or fibrllation with rates up to 300 may
be present. When the tachycardia ceases, standstill follows. In
this type may be prolonged up to seven minutes.
The state of the cerebral arteries 1s important in determining the
duration of unconsciousness (6). Lastly, the whole attack may be
caused by ventricular tachyeardia or fibrillation, or both, without
standstill. This form may complicate heart block or oceur when
conduction is normal (29) (p. 292) (Fig. 44).

Retrograde Heart Block. In A-V nodal thythm the stimulus,
as well as passing down to the ventricles, spreads backwards to the
auricles, with the result that they contract, and mverted P waves
may either follow or immediately precede the QRS. But some-
times there may be progressive delay i the conduction to the
auricles so that a reversed Wenckebach period results, which
resembles partial retrograde heart block. In other cases fhc
impulses from the node may not reach the auricles at all, which
beat to thewr own sinus rhythm.

Rrcirrocal Riyris was used by Drury (1924) to desenibe n ~

condition in which retrograde heart block reaches such a (.lcgrc.e
that the jmpulse from the node, having activated .the aupc]c l?
able to spread down agamn and re-enter the ventricle “h,xch by,
" that timé is no longer refractory. The sequence of events is that
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intensity of the first sound have also been noted. The dlssocmSlox:
lasts a few days only and requires no treatment as the p:\l'len
will be confined to bed on account of the infection. As he recovers,
the patient may pass through stages of reciprocal rhythm, nodal )
rhythm (Fig. 61) and latent heart block with prolonged P-R
interval, tlustrating the nature of the disorder (33). .

The opposite condition  of retrograde cl.mduc‘hnn when
orthograde conduction 15 bloched is seen sometimes 1n c?mplctc
AV heart block when mverted P waves deform the §-T interval
about 0.16 second after R waves which follow the preeceding I by
about 0,50 seconds (34). This shows that the auricle has been
activated from the ventncle, and may indieate a supernormal
recovery phase in the auricle. Mechameal stimulation of the auricle
by the v ion has been ad d as an expl

tion, but this 15 unbikely as the inverted P indicates a retrograde
spread of the impulse (33)

Tic 47

Stokes-Adams Disease  Effect of adrenalin Note short runs of normal beats

which begin with a premature ventricular systole, and contnge unt the
auncular rate slows

Treatment of Heart Block. Latent Heart Ilock requires no
speanal treatment. Syphilis should be excluded -+ digitahs may
have to be stopped  But digitalis i therapentic doses does not
augment heart block due to structural disease. In 16 cases in
whom 1t was pushed to a pomnt of nausen, the P-R interval was
nereased shghtly 1n six only, whife 1t was actually reduced m two,
following climeal improvement (36).

Partial Heart Bloch with Dropped Beats 15 found mainly in
mfections and the patient should be confined to bed, Atropine,
£ 1 30th-1/75th grven intravenously will usually succeed u:
abolislung the heart block temporanly. Caffein sodium benzoate,
gren by mtravenous injection 1 doses of 15 grs., aholished bntl:
the block and Cheyne-Stokes respiration 1n one case where 2.1
block or complete dissociation oceurred during the anneee nh;u-
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auricular waves (P) are slower and upright and unaffected by
the faster ventricular rhythm. YForward conduction is not, how-
ever, obstructed, although the impulse may be delayed, and if
an impulse from the auricle happens to arrive when the ventricle
is not refractory an carly ventricular beat results. The most likely
moment is at the end of ventricular systole when the P wave, and

Fic 46
A —Interference dissociation  Note upright P waves at a rate of 64, with la,
ventricular rate of 100 Early beats (marked X) are clearly seen when
and T summate
- o h

B —Reciprocal thythm L
uprsght P an S-T mterval
with mverted P {R-P=0 24
by the fourth R (marked N .

complexes show complet uwovrisns .
T wave comnade, since earhier m the cycle the inpulse will find
the ventricle refractory, while 1f the sinus impulse comes later the
ventricle will have already responded to the nest nodal mmpulse
(Fig. 464). Clinically the irregulanty simulates premature auricular
beats since there are no compensatory pauses. Changes in the
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sntensity of the first sound hare also been noted. The \Y)ssncm\‘\m\
lasts & fow days only and requires no reatment as the paticat
will be confined to bed on accoust of the infection. As he recovers,

" the patient may pass through stages of reciproeal shythm, nodal
thythe (Eig, 408) and latent heart block with prolonged P-R0
inter 3}, illustrating the nature of the disorder {33).

The opposite Aition  of le conduct when
orthograde conduction 15 blocked is seen sometimes in complete
AY heart Yock when i erted P waves deform the §-T interval
abont 6,16 second after R waves which follow the peeceding Ty
ahout 0,30 seconds {33} This shows that the auricle has heen
activated from the ventrcle, and may indicate a supernormal
recovery phase in the auncle, Mechanical stimulation of the auncle
by the ventricular contraction has been advanced as an cxplana-

tion, hut this is unitkely as the mverted P indicates a retrograde
spread of the wmpulse {33).

Fie 47
Stakey-Adams Disease  Lfiect of adrenahn &
Which begin with & prematare s eatricular .,‘;’?&:"Z'.fd’“c'éii’fn'éi’fi’«mf
aunicular rate slows
Treatment of Heart Block. Latent Heart Block requires n
q)e?\a\ treatment.  Syphohs should be excluded . digitalis ma
have to be stopped. Hut digitalis in therapeutie doses does N
auhgment heart block due to structural disease, In 16 cases
::. cz::n :2‘ v; ?s }ﬁrshed 1o 2 pomt of nausea, the P-R interval w
as ightly 1 six only, while it was actually
followng chmieal impravement (36), etually reduced n b
n‘{‘z‘mul Hear lllnck‘ with Dropped Beats 15 found mamly
infections and the patient should be confined to bed ;\ho}ﬁr
izu?ls:ot‘}:—l/‘fath guven wtravenowsly will usually succeed
ishing the heart block temporanly. Caffein sodium henzon

gven by mitavenous injectio
the blogk and Choens oy son tn doses of 15 grs , shalished bo
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(37). 21 block §s often stable for long peridds and then requires
no treatment. N .

Complete Ieart Block requires no special treatment. Digitalis is
not contra-indicated if required to combat congestive failure.

* Stoxrs-Apams Synpromp. The treatment depends upon the
underlying eause, which can only be determined accurately by
electrocardiograms taken during an attack, When shock is
present, as in coronary occlusion and diphtheritic myocarditis,
it 1s important to keep the patient warm, Adienalin, mx of 1
“in a 1,000 solution should be given subcutancously to prevent
ventricular standstill (Fig. 47). An intracardiac injeetion may he
' needed if the ventricle has ceased to beat. Some cases respond
better to atropme, gr. 1/30th given mtravenously. Leptnzni
in doses of lee. given subeutancously or a tablet every hour
succeeded in two cases when adrenalin and atropine has faled (88).
Amyl nitrite controlled the attacks in one ease with mtermittent
heart block (39).

Adrenaln 15 also useful in faintness due to a slow idio-
ventricular rhythm. Premature ventricular systoles may be
stimulated, followed by spells of normal rhy thm (Fig. 7).

To prevent recurrence of attacks ephedrine, gr. 3, four times

~daily, or paredrnne, 10 to 60 mg. thrice daly (40) may be taken
! indefinitely. Intolerance 1s shown by nausea, mdigestion or

'

palpitation.
For attacks due to ventricular fibrillation or tachycardia

quinidine must be given by intravenous injection (p. 300).

The Course and Prognosis of A-V Heart Block. This ,
, depends upon the nature of the lesions which have caused it. In
acute lesions, such as a septal infaret or diphthentic myocarditis,
the immediate prognosis 15 Lad,  Stokes-Adams attacks are
_common, and they frequently prove fatal. But if the patient
“survives these, the conduction of the impulse in due course
becomes normal. Heart block m rheumatic carditis, even if
complete, is scldom dangerous, but recovery 1s often incolnplftc,
some lengtheping of the auriculo-ventricular conduction time
persisting. . )
Heart block associated with chrome fibrotic lesions 1 elderly

people is usually permanent, but mmor grades of latent hem"t .
block are of little or no importance. Even complete heart block is

’ !

. v



attack within a year or so.
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compatible with fair aetiity for years: and the prognosis de ;Len;!s
upon the state of the myocardinm a5 & wl\o\c.. S'nn\e pn(lc;ld S (lx.e
eventually from congestive fature bt the majority dx'c sud f"‘3‘ .
When complete or partial heart Block 15 assoctated with variable
hundle branch block complexes, bilateral bundle branch lesions
are probably present and the prognosis is bad.  Stok

-Adams
attacks are Yiable to recur and the patien

t' usually dies in an

Buundle Branch Block

The recognition of bundle branch Lloch is wmportant in order

10 interpret correctly eertain abnormant forms of QRS which nuay
ndicate s Jocal defect, and beeause o local defect may point to
the presence of lesions elsewhere i the silent srens of the
myocardim.

. "The curves of bundle branch black are caused through the
Qelayed activation of one ventricle and the prior actwation of
the other  The diagmosis can only

be made by means of electro-
di although canft

at times by a lack of synchronism in the contraction of the
ventnicles. It has been thought that the reduplication of the first
sound in gallop rhythm might wdicate this asynchronisi, there
is actually no constant association; the fact 1s that both gallop
rhythm and bundle branch bloek are commonly found in hyper-

tensive heart disease: but with a rate under 90 bundle branch
block may be suspeeted.

Actiology. Eighty per cent of cases are due to coronary artery
disease in later hfe, the average age at which the lesien is diagnosed

being 59 ($1). This includes cases of infarction, of which 15 per

cent involve the septum (42) Rheumatic heart disesse accounts

for 10 per cent, the remainder being due fo syphilis, diphtheria or
congemial lesions. 1t 35 doubtful if the vagus has any influence
over conduttion in the bundle branches,

Morbid Anat

L 2 of the bundle
branches in cases of bundle braneh Yock have !

h hown that the
esions are usually bilateral, although one branch may he more

seriously affected than the other {43}, Fibres arish
5 2 . Fibres arising above and
just below the bifurcation of the bundle have been traced into the

v evidence can he obtained’.
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ventricular muscle {41). Whén both branches arc destroyed, the
impulse may reach the ventricles through these fibres,

Glomset (2), who was unable to find satisfactory evidence of a
special conducting system in the ventricles, offers another explan-
ation for bundle branch block. It has been shown that the ventricle
on the diseased side contracts later than the healthy ventricle, He
considers that this ventrcular lag 1s the cause of the electro-
cardiographic changes and that bundle branch block 1s due either
to an unilateral ventricular strain or to an umlatcral ventrieular
coronary insufliciency, or to a combination of both. Among other
difficulties in accepting tlus view are those cases in which the
bundle branch complexes change abruptly from one side to the
other in the course of a record. Moreover, Robb has obtained
bundle branch block when the lateral mass of the ventricle was
cut away and only the septum remained (45). Even if the bundle
branches are shown eventually to be nothing more than muscle
fasciculs, 1t seems certmin that there 15 some path of conduction by
which each ventricle recen es the impulse from the nerve clements
in the aunculo-ventncular groove.

Electrocardiograms in Bundle Branch Block. INCREASLD
DuraTion or Tir: QRS. The normal duration of the QRS 1s about
0.08 second. In bundie branch block it 1s always increased : usually
from 0.12 to 0.16 second, and 1n some cases up to 6 20 second.
Some difference of opmion esists regarding the meaning of curves
with smaller increases m the QRS. Lewis (1925) considered that
all cases with QRS values above 0.10 second had bundle branch
block, and this view has been followed by the authors of several
recent senies (46), (47). On the other hand Wilson (48) found that
when the QRS was less than 0 12 second, chest leads were not
usually consistent with complete left bundle branch block though
they might be with nght. A greatly enlarged left ventricle may
take more time to be fully activated than one of normal size, and
this will account for a moderate increase in the duration of the
QRS. Apart from cases with left ventricular bypertrophy a QRS
above 0.10 second probably always indicates bundle branch block
of some degree. )

Prccorpisl Leans.  The Intrinsic Deflection. When experi-
mentally a lead is placed directly on the cpicardium, a ncgngl\:t
- deflection is recorded on the galvanomcter w lxeq the main ventri-
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A Tic 48 B

% —Left byadle branch black The heart 13 horizontal Note early
antrinsic deflection 1o Jeads V1 and V2 and dctayed intrinsic deflection
V' d V6

, B—Right bundie branch block _Wide S, pattern The |nlnn5xc
deflection 18 late 1 V1 to V'3 and early n V4 t

cular mass under the electrode is activated. This was named by

TLewis the mtrinsic deflection, and 1t is always negative. The
same defl oecurs in dial leads and i n bundie

branch block the only certamn evidence as to the side of the lesion,
Tn left bundle branch block 2 deep § or QS ocours early in leads
taken from the nght side of the precordium (V1 and V2), whereas
in those from the left side {V5 and V), the descending arn of the
Lroad R is delayed by 0.10 second or more {Fiz, 181}

In neht
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ventricular musele (44). When both branches are destroyed, the
impulse may reach the ventricles through these fibres. .

Glomset (2), who was unable to find satisfactory evidence of o
special conducting system in the ventricles, offers another explan-
ation for bundle branch block., It has beenshown that the ventricle
on the diseased side contracts later than the healthy ventricle, He
considers that this ventricular lag is the cause of the clectro-- .
cardiographic chianges and that bundie branch block 1s due either
to an unilateral ventneular strain or to an umlateral ventricular
coronary msufficiency, or to a combination of both. Among other
difficulties in nccepting this view arc those cases m which the
bundle branch complexes change abruptly from one side to the
other in the course of a record. Morcover, Robb has obtained
bundle branch block when the lateral mass of the ventricle was
cut away and only the septum remamed (45). Even if the bundle
branches are shown eventually to be nothing more than muscle
fasciculi, 1t seems certan that there 1s some path of conduction by
which each ventricle receives the unpulse from the nerve elements
in the auriculo-ventricular groove.

Electrocardiograms in Bundle Branch Block. Increasen
DuraTioN oF Ti: QRS. The normal duration of the QRS is about
0,08 second. In bundle branch block 1t 1s always inereased = usually
from 0.12 to 0.16 sccond, and n some cases up to 6,20 sccond.
Some difference of opinion enists regarding the meanmg of curves
with smaller mereases in the QRS. Lewss (1925) considered that
all cases with QRS values above 0.10 second had bundle branch
block, and this view has been followed by the authors of several
recent series (46), (37). On the other hand Wilson (48) found that
when the QRS was less than 0.12 second, chest leads were not
usually consistent with complete left bundle braneh block though
they might be with nght. A greatly enlarged left ventricle may
take more timie to be fully activated than one of normal size, and
this will nccount for a moderate merease mn the duration of the
QRS. Apart from cases with left ventricular bypertrophy a QRS
above 0.10 sccond probably always mndicates bundle branch Wock
of some degree.

Prrcorpial LEaps.  The Intrinsic Deflection.  When eapen-
mentally a lead is placed directly on the cpicardium, a negatie
- deflection is recorded on the galvanometer when the main yventri-
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Fic 49

Fic 50
Left buadle branch block wmith  Left bundle branch block with vertical
vertical heart  Standard leads heart.
are of the concordant type

bundle branch block the left ventncle 15 enlarged and the position
of the heart is erther normal or transverse. VI will then represent
the potentials of the left entncle and have positive deflections.
The polanty of VL s reversed in lead I and lead 111, since lead T
1s VL-VR and lead ITL1s VF-VL (p. 123). When VL has positine
deflections discordant curses will result 1n the standard leads,

1 the heart 15 vertical the potentials from the left ventricle are
transimitted to the left leg and those of the left. arm are either small
or megative. “In these cases the deflections in lead 1II will be.
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branch block VI and V2 have a broad R, the descending arm of
“ which is the intrinsic deflection, while 1n ¥5 and V¢ thére is a
slender R with an early downstroke, showing prior activation of
the left ventricle, followed usually by a broad but shallow S
. (Fig. 48m). B :
Posrrion o THE HEant, Standard lead curves in bundie branch
"black may be discordant: that is the deflections m lead ¥ are
opposite m direction to those in lead 1IX; or concordant, These”
types are found only in the standard leads, have no counterpart
in the precordial leads, and are due to varying positions of the
heart,
Unipolar Limb Leads. The norta and pulmonary artery, as they -
~  arise, point towards the right shoulder, \When the heart is in 2
normal position, therefore, the nght arm lead {VR) reflects the .
- electrical state of the ventricular cavities (48). Tracings taken
from the nght aumele and ventnele by means of an electrode
fitted into a cardiac catheter have shawn that the deflections in
VR resemble those at the upper part of the nght auncle, and seem
to represent a muxture of the potentials of the two ventricles (40).
Sinee the ventricnlar eavitics are negative during activation of the
ventricles, the deflections in lead VR are normally snverted. When
* the position of the heart 1s normal the deflechions m the lef ~-m
lead (VL) and the left leg lead (VFY o= - s
reflect the potacs--* ~ . . .
the left arm L . wenu the deft lep the
chaphragmati, .v.cnor surface.  Should there be a elockwise
rotation of the heart causing 1t to be more vertieal than usual, the
frreat vessels will tend to point directly wpwards, or md-nay
between the nght and left shoulders. In thus case the deflections
from the left arm (VL) will resenble those of the nght arm and
be negative. The left leg will reflect the state of the left ventricle,
and the deflections wil} be posttive and similar to those obtawed
from Jeads over the left side of the chest (V5 and V6) (Fig. 49).
If the rotation s anti-clockwise, causing the heart to be tore
~ transversely placed than normal, the great vessels, as they aris;c: .
will point hetween the right arm and the left leg. In that case VE
will .resemble VR, having negative deflections, winle VL .mll
the state of the left ventricle and have positive deflections

reflect t ve s
similir to thoese in V& and V6. In the majority of cases of le
-8 K '

.
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Right Bundle Branch Block, Precotnrat. LEsps, Precordial
leads are especiaily necessary in right branch block, partly because
of the variability in the standard leads, and partly beeause of the
great influence of changes in the position of the heart,

In nght branch block, leads from the nght side differ greatly
from the normal, A broad, notched R, the descending li.mh 'of i
which may be delayed by as much as 0.16 second, is seen in V1,
and usually also in V2 and V8 (Fig 51). There may be n small
‘pmary R followed by a
small §. A prominent Q in
these leads suggests infarction
of the septum (p 203). In
leads from the left side a
slender R 1s seen, the down.
ward limb indicating the early
activation of the left \ entricle,
‘This wave 1s usually followed
by a broad shallow S, These
changes are pathognomome
of a right-sided Jesion,

Lesos 1, 11, III, The
curves of right branch hlock
w the standard leads are very
varable. In one type there s
n lead I an imtal defleetron
(5} which 1s deep, broad and
negative and s followed by
anupright T. In lead 111 o

road, upward positiye deflec-
tion (R) 15 followed Ly an
wmverted T. Tius type 1s the
converse of that of left
bundle branch Black, Actually
it i rare, and by far the
greater number of
branch block curves
the tride S yaren
in lead 1 o slend
tall, initial deflect

Tight
are of Fie 51
16
e (53). gy bundle branch biack,
er, though mtnsic defiection 1 ¢ ’
" is ©f b 0 16 secong
on (R) js O 0 16 second 2

_Note
elayed on”tyght
is early on Icfy
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positive and the curves will be concordant. When rotation is

lead curves suggesting right braneh block may be shown
by precordial leads to be duc to a lesion of the left branch
(Fig, 50).

Thus classifications based on discordant and concardant types
are without value, the variations being due to alterations in the
position of the heart. To be sure of the side of the lesion it is
necessary to take multiple precordiaf leads.

. extreme and the deflections in lead VL are negative, standard

Ventricular Asynchronism. By means of simultaneous ~

optical records of the apex beat, the venous and subelavian pulses,
it is possible to deternune if one ventricle contracts before the
other. In 15 out of 17 cases of left branch biock the right ventnele
was shown to contract first, but m only one out of 3 cases of right
branch block did the left ventricle contract hefore the mght (50).
This diserepancy may have been due to an abuormality in the
lie of the heart, wiich affected the curves, for in some types of
right branch block it was found that delay might occur m cither
ventricle {51).

Left Bundle Branch Block. The curves of left bundle branch
block recorded by the standard leads have 1n lead I an mitial
deflection (R} whicli ss high, broad, notched and positive. § waves
are not fomid; Q waves are rare, bemg present only w 8§ per

* cent and suggest previous mfarction of the septum (52), The

T wave 15 usually mverted but may be upright.

Lead 1115 varnable . deflections are often small but an R or S
of different dimensions may be found. In lead IXI o broad, notehed,
negative 5 is followed by an upright T, of the heart is in 8 normal
or horizontal position. In vertically placed hearts the complexes
are similar to those m Jeads I and 1L

Precorpral Lraps. In Jeads over the nght side the normal B
is eftlier absent or very small and a deep S occurs at once, or very
early, showing that the right ventricle 1s recetving the unpulse
first, In leads over the left side a broad, notched R 1s seen, the
descending arm of which marks the late actieation of the left

centricular mwsele.  On account of the yamable width of the

transitional zone in bundle branch hlock, tias feature snay not

appear until V6. This happens espeewally when the heartis vertieal,

(Fig, 49, 50).
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QRS inlead 1 s di- of tri-phasic, how- =%
ener smoll the Q or § wave may be (18)
Tut confirmation should be sought in the
precordial leads.

Bilateral Bundle Branch Block.
Wot every case with a broadened QRS
has 5 precordial series typical of an
ynilateral *lesion.  After an nfarct or
sdminsstration of quinidine, the condue~
tion of the QRS may exceed 0.12 second,
and yet precordial leads may not be
characteristic of & complete branch block.
In these a general depression of the
TPurkinje tissue has been postulated (18).
Again in certain cases with established
A-V heart Ylock ventricular deflections
characteristic of both wight aod left
branch block alternate In some of
those 1t seemed likely that cofuluction
was takng place alternately down each
branch (27). In one case with normal
'l‘\~\' conduction  the P-R interval
increased by 0.05 second when the branch
block changed from left to right (51)

e 53
X %} Incomplete nght branch
| Zx‘\fe the P-R interval includes the time block T Nots small R
Ken by the mpulse to pass along the 128 with delaved in-
H 8 W tnasic deflection on right
bundle branches, until the activation of sde QRS 0 10 second

the first elements of v entmicular muscle, it 126F 1left aus
seemed as §f conduction was normally i

through the night branch. When thjs 't hypertension and
failed, conduction was maintained by Fages dsease. -
t‘}‘;lef;‘:":n;:\ with an added delay of 0.03 second, 1t may be also
d\zra\m: :o lesions are present when the QIS 15 of very long

of the m; ulle <1)f the prolongaho?. being due to the slow passage
. ]nmmx;me“;“g e fower portion of the less diseased branch.
pussage of the undl‘e Branch Block, When the delay in the
P lmlpulsc down a bundie branch is insufficient to
the seotin | mplete activation of the affected ventricle through

Plum, incomplete bundle branch block is said to be present.

deviatian
rt 15 bon-
zontal  T'rom a patient
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followed by a broad, but shallow, negative deflection (S). The T
is positive.  In lead IIT the complexes are variable. A broad
positive deflection () may be followed by an inverted T. A
slender negative deflection (S) may be followed by a second broad
positive deflection (), the T being negative. In a small propor- °
tion of cases R is absent and a deep S 1s followed by a positive T.
Thus it 1s apparent that the only defimite changes are found in
lead I Tught branch block should always be suspected when the

Fig 52 .
17 1 44 Incomplete might branch block (QRS 0 10 sccond) showing
- restoration of normal rhythm

Lead [ Nodal rhythm at rate of 100 No esidence of auncular
activity

Lead 11 Nodal thythm P waves deform S-T interval of alternate
complexes

Lead 11T P waves move forward from S-T tll SA node takes control
. at fifth complex when QRS returns to normal

24,2 44
but , trans
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3RS in’lead 1 is - or tri-phasic, how-
wver small the § or § wave may Le (48)
Rut confirmation should he sought in the
precordial Teads.

Bilateral Bundle Branch Block.
Not every case with a broadened QRS
has a precordial series typical of an
unilateral lesion. After an infarct or
sdnunistration of quinidine, the condue-
Ation of the QRS may exceed 0.12 second,
and yet precordial leads may not he
characteristic of a complete branch block.
In these a general depression of the
Purkinje tissue has been postulated (48).
Agan 1n certain cases with established
A-V heart block ventricular deflections
characteristic of both mght and left
branch block salternate. In some of
those 1t seemed Dkely that cohduction
was taking place alternately down each
branch (27) In one case with normal

, AV conduction the P-R interval
‘1,“1“?“2 by 0(.!0.;; second when the branch e 53
ock changed from left to nght (53). o
. Since the P-R interval 1nc1udesglhe (ﬁm)e }leﬁcol?mm;' "eﬁh:mharﬁnc[}: .
taken by the impulse to pass along the 32Ves with delayed
bundle branches, until the activation of e GRS 010 wernt

RS 0 10 second
the first elements of ventricular muscle, it There isleft axisdeviation

n and the -

seemed os 1f conduction was normally zontal er‘::?:n"m?::t

, through the mght branch. When thus “th bypertenson and
faled, conduction was maintamed by =~ oPrT s

the left branch with an added delay of 0 03 sccond. It may be also
that bilateral lestons are present when the QRS 15 of \‘ery lon
duration, some of the prolongation being due to the slow passa, i
.of the impulse along the lower portion of the less diseased hnnci
lacomplete Bundle Branch Block. When the delay 11- th.
S;::g:g ?i the u'nlpulse down a bundle branch 15 insufficient (ch
e comnplete activation of the al v
the septum, incomplete bundle branch _b‘:::‘ili'-‘:s;;:“izc“: 2:::51‘
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There may be a double activation of the alfected ventricle, partly
from its own side and partly from the other, or clse the ventricle

on the healthy, or relatively healthy, side may merely reecive the .
"+ impulse first. The QRS duration in these cases does not usually

exceed 0.10 sceond, and it may beless. It is then impossible to
make the diagnosis unless there are normal complexes in the same
record for comparison {55) (Fig. 524). In some cases the transition
from bundle branch block to normal conduction is gradual, the

intermediate complexes being those of mcomplete block (56). In

incomplete right branch block the precordial leads over the right
side have a peculiar form, an imtial Q wave being followed by a
Iate R wave, which is small or embryome (48) (Fig. 53).

Precordial leads of incomplete left branch block cannot be

distinguished from left-sided hypertrophy with increase in the
* duration of the QRS.

Incomplete bundle branch block is probably quite eommon.
It is scen in the aberrant ventricular complexes following auricular
premature systoles (57). But there are few satisfactory critera for
diagnosis m the absence of normal complexes at some time for
companson (g, 52p).

Partial Bundle Branch Block 15 analogous to partial A-V
heart block with dropped beats, and 15 rare. Every other complex
may show bundle braneh block (2-1 branch block) or every third :
or two complexes of branch block may alternate with one normal
complex {3-1) (38). Or an occasional naormal beat may be seen
in a record of predonunantly bundle branch block compleves. In
INTERMITTENT BUapit Braxcn Brock occasional complenes of
bundle branch block are found m a record of mamly normal
complexes,

TransIENT Buspir Braven Brock. Bundle branch block
usually persists, but 15 sometimes transient. Recovery is the rule
in the myocarditis of diphthena, if the patient survives the uct.llc
phase, In ncute rtheumatism, and after scptal infarcts conduction
recovers less often .

Apart from thesc causes, phases of bundle branch block may-
be associated with acute myocardial strain such as follows a p'lﬂ-
monary embolism (59). Temporary bundle brnnch' block .lastmg,"‘

from x; few days to months may be assc-»cmtod with penod? l.)s
congestive failure. In these cases conduction down one branch &

B
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robably delayed almost to the point at which the impulse will
each the affected ventricle quicker by the other branch and across
he septum, and an inerease In heart rate alone may be S||(ﬁc}cnt
to cause branch block complexes to appear (60). Carotid sinus
pressure, by slowmg the rate, may restore normal conduction (6t).
Oceasionally no obvious eause can be found to account for the
changes in conduction (62). In one case of bundle branch block
atropine given ntravenously caused a tachyeardia, and led to
partial 21 branch block. The tachycardia probably made the
damaged branch completely refractory to the blocked impulses,
and so 1t was able to transmit the alternate ones (63).

Course and Prognosis.
interfere with the efficient working of the heart. Asitisdueton
local myocardial leston of greater or less seventy, it is upon the
cause, and the extent of the associated disease that the prognosts
depends. In 80 per cent of all cases the heart is cnlarged ¢ in 60
per cent congestive failure or angina pectoris was present when
the branch block was detected (46), so that it 1s not surprising that
about one-third of all cases die within a year of the discovery of
the lesion (64). Yet although the average age at which branch
bloek 1s first found 1s comparatively high, one quarter Iive 10 years
or more (65). Tught branck block has a better prognosis than left
{66) This 1s probably due to the wnclusion of the wide "S-wayve”
type, which has the best prognosis of the common varicties, 38
per cent hving ten years. This good outlook was only shared by
16 per cent of those with standard right or left branch block eurves,
and by 26 per cent of those with atypical curves {63).

Short P-R Interval and Bundle Branch Block Type of
QRS. (Wollf, Parkinson, White Syndrome). Complexes
suggesting bundle branch bloch may be found associated with a
?-l{ nterval of less than 0.12 second. In these cases one ventricle
Is probably activated f:“st through an accessory branch of the A-V
bundle (Bundle of Kent) which constitutes a short cut (67"
Ohnell (68) has discussed the condition yn an e‘(lnusti\u o
graph, and deseribes an accessory bundle to the lef ¢ mono-
from the Jeft aurcleCurves oft yentricle

lock  the nght entri . P
becawe there 1 a sho!rrzlie}}:x}:rce:?:};;c?: 3t impulse st
delay m the passage of the mpulse to tho \ ecause .lherc 15 8

e left ventricle The

0%, s a rule, left bundle branch *

Bundle branch block itself does not .
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abnormality may be permancnt, or
may alternate with periods of normal
conduction (69). Paroxysms of
auricular or ventricular tachycardia

may oceur in these patients (70).

These have been fatal (68). -
Otherwise the condition 1s benign

and does not sigmfy myocardial

discase and  has really nothing

to do with bundle branch block.

But 1t must be distinguished from it

(Fig. 54).
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Postunas (Oetitostatic) Hyrortesstox, This rare derangement

of the control of the pressure in the arterial system has aroused

,Some interest since first desenibed 1n 1925 (1), A pecuhar result of a

nersous disease, 1t 13 awkward to fit into any classification, but
23 a persistently slow rate and syncope are conspicuous featur :
+this chapter seems the best place for it. s
On standing up the patient feels faint a if “may
collapse, The unpleasant nausea of the v::lo-%"::l;ay)' ‘a“l‘gz ;:“‘)
lacking. The blood pressure falls profoundly, On lying q o it
reaches t!;e level normal for him, The symtoms a}r: F Ot“‘l\ .
:nu:qce;ll in the morming The fa)} in arterial Ppressure nnn:::\n(ll:\o‘
p |sl! most entirely confined o males, and comes on nhou‘;
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middle nge. Neatly all cases show two other important, but Jess
;spcctacu]ar, symptoms, namely loss of sweating and impotence
This triad, as onc may term it (2), points to some lesion in the
central nervous system as a cause. Quite a large proportion of
-the patients have tabes dorsalis, or syringomyelia, or they have
had an attack of encephalitis (3).

The nature of the loss of control of the artersal blood pressure
has been investigated by Stead and Tbert (1), who found that
there was not an abnormal degree of pooling of the blood in the
lower part of the body on standing up, but rather a failure to make
adjustments to allow for the pooling of n normal quantity. If
the patient stood in water up to the heart the blood pressure did
not fall. If the patient is tilted head downwards the brachial
pressure rises,  Valsalva's experiment by reducing the venous
return to the heart causes a sharp fall in arterial pressure. There
is not the usual decrease in the flow of blood 1n the fingers in these
patients, which takes place when a healthy person stands up;
this shows lack of vaso-constriction (5). The muscular coats of the
arterioles react to pituitnn ; adrenalin and the other sympathetico- .
mimetic drugs cause the pressure to rise. The response to adrenalin
may be much greater than normal, causing mueh aceeleration
and a great rise m pressure (2)

The rate of the heart varies but little, as a rule, with changes
posture.  After atropine there 15 little or no acceleration.

CounsL AND Prooxosts, The discase, when established, persists
alniost mvaniably ; only one rennssion has been recorded, Once
it has reached a certain degree it does not appear to get worse,
and no fatal cases are on record.

‘I'ruaTvraT. This 18 not satisfactory and can only be palliative,
_ Sleeping with the head of the bed rassed may render the fall in .
pressure Jess, Binders do not help much.  The vaso-constrictors
such as ephedrine (30 mg.) and parednne (20 mg.) are useful in the
later part of the day, and benzedrine (5 0 mg. every hour) may
De of distinet value in the mormings  In one case sweating returned
and impotence ceased after the admmistration of 100 mg. benze-
drine in the mornings and 160 mg, of paredrine in the afternoons {6).

The further clucidation of this disturbance in the control of the
arterial pressure awaits study of the central nervous system. So
far no autopsies have been recorded. ‘
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CHAPTER IX

TACHYCARDJA

Sinu-Auricular Tachycardia

Auricular Premature Beats: i’aroxysmal Tachycardia:
Auricular Fibrillation and Flutter

Ventricular Premature Beats: Paroxysmal Tnchycardi:{
and Fibrillation

It 14 not usual to consider together all the subjeets which come
under review in this chapter, There are, however, considerable
' advantages in doing 0. As far as the causation of these disorders
is concerned, there is reason to suppose that they have mucl in
common, In the nuricles 1t is well hnown that auricular premature
systoles are closely connected with auricular paroxysmal tachy-
cardia and they may be followed by auricular fibrillation,
Fibrillation and flutter are, in a sense, interchangeable, Both are
caused by w cireulating wave 1 the suneles. It is possible that
some cases of auricular paroxysmal tachyeardia are also due to a
circulating wave which mcludes mn 1ts ambit either the sinu-
auricular or the auriculo-ventricular node. In the ventricles
premature systoles and ventricular tachycardia are assoctated,
and ventricular fibnilation 15 often preceded by Louts of cither.
Apart from isolated premature beats, the effect of all of them
on the efficiency of the heart depends upon the habihty to induce
n great increase in rate, and thereby provohe failure of the ecula-
tion. In their treatmient there are many pomnts common to all;
particularly in the use of quinidine, and, to o lesser degree, of
digitalis. :

sinu-Auricnfar Tachycardia. This*1s sometimes calted
Phyaiologicz\l tachyeardia since 1t 15 not due tovnny a\)nunfml
rhythm in the heart. Tt oceurs in a variety of conditions, of which

only a minority are associnted with disease of the heart,
’ 260
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Myocarniat Fatwvrr, , Tachyeardia occurs in heart failure.

The stroke volume dimunishes, so the rate may increase in order

to maintai? the minute volume (1). But the mechanism is h): no
means clear. As the contraction of the heart becomes more cilicient
with treatment, the rate slows. -

Penrenerat, Circuratony Fatwvre, “In shock the volume of

'\ enous blood returning to the heart is diminished and the rate of
the heart increases in order to attempt to maintam the output.
(See Chapter XIIT) The reason for this 15 obscure,

InrecTIoNs. It is well known that in fever the pulse rate nises
about ten beats for each degree of rise in temperature. Sometimes”
the tachycardia is out of proportion to the temperature. In 100
such cases acute myocardhal lesions were found in 80 {2). They
comprised nfarets, rheumatic heart disease, pericarditis, ncute
myocarditis  Peripheral cireulatory failure, associated with a low
lood pressure, is also the cause of the disproportionate tachyeardia
which oceurs 1n some cases of pneumontia. In a few fatal cases of
pohomyehtis in which tachycardia had been a promument feature
an unexpected myocarditis was found (3)

Tachyeardia may oceur 1f sufficient rest has not been all
after an acute infection ; this may lead to the development of a
cardiac neurosis, which may cause the tachycardha to persist. .

. HYrERTHYROIDISN causes a persistent tachycardia. The subject -
1s diseussed 1 Chapter VL.

Axxiery NEUROsts. Tachj cardia is f: requently found in anxiety.

The patient complains of palpitation: other symp‘!nms are:

i v pan and dizzi
Sweating i the axille, and of the palms of the hands and soles of

the feet is common, but is found in othér patients. Moderate
exereise inereases the rate but little, and in some cases it may even
fall during the first few minutes after the exercise. The syndrome
ongwnally deseribed by Da Costa, 15 mainly due to fear, and results
11'r.on\ overaction of the sympathetic (4). There is usually a famity
:;:‘fi;l]"}; :jvp;i c'}xx'nirixs' m:(l' the‘ patients ha_\'c been timid since
of the hear
“nrmur, anc ‘

Often there s puor pnysique hoth n bone and in mus: I
pryaq!
d uscle, In the

owed
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these eases. In crvil life the syndrome oceurs more commony in
women, and the investigation of the hidden conflict of anxicty

neurosis, which is expressing itself in tachyecardia will often require *

the assistance of a psychologist ; but simple re-assurance that the
heart is not at fault may relieve the anxiety. )
Grucost Dericikxey. In some eases symptoms oceur only two
or three hours after meals. They comprise tachyeardia, choking
pain mm the chest, tremor, muscular weakness, and occasionally
- fainting. 'The attacks can be reproduced by injections of 10 to 13
units of wsulin three hours after a meal ; they ean be relieved by
glhicose. The blood sugar at the time of the attack is cither low
or has a low normal value; the glucose tolerance curve falls
sharply. The symptoms are probably due to the relcase of adrena-
lin to combat the falling blood sugar. They are best treated by a
Ligh protein and low carbolydrate diet, which does not cause so
much insulin to be secreted. Intermedinte feeds are also useful (5)-
Some rare cases arce on record in wlhich there was a combination
of severe tachycardia and postural hypotension (6). IHyper-
insulinenma due to tumour of the islets of Langerhans must be
remembered.

Premature Systoles

Premature systoles may anse from the auricles, the A-V node,
~or from the ventricles. FExceptionally they may come from the
S.A. node (7). The irritable pomnt i the heart muscle wmitiates &
contraction before the normal impulse from thie smu-auricular
node has reached it.

A premature beat is weak, as the ventricle 1s incompletely filled
at the moment of contraction, The beat may, or may net, open
the aortic valves, and cause a wave to be transmitted to the
pulse.  Chnically premature beats are recogmsable by the
irregularity of the pulse. Fither the pulse is intermittent, a beat
being dropped, or else a weak and early beat can be felt. The
succeeding normal beat—the returmng beat—is usually stronger
than normal, The premature contraction can be heard at the

. heart, cxeept n rare instances of blocked nuricular premature
systoles, and the diagnosis 1s best made by auscultation, 1n order to
differentiate this irregulanity from true dropped beats of heart
block. Beats that fail to cause a pulse wave may only give the
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first heart sound for the valves will not open. Otherwise both
sounds are present 1 those that occur very carly in diastole may
be very faint. N

Premature systoles are not common when the rate of the heart
1s over 110 a minute, so aceeleration of the heart by exevcise may
abolish them, When they are present at this rate the muscle is
wsually diseased,

Auricular Premature Systoles. The P wave in the electro-
cardiogram is premature ; it may be jnverted, biphasie, or of a
size dufferent from that of the other P waves in that lead {Fig 53},
or be superimposed upon the precedimg T wave. The variations
from the normal are best seen in Ieads I1 and III, or in chest leads
reflecting the potentials of the right side suehias Vior V2. Tafost

F1a 55 ’
An auricular exirasystole P, Note that the T wave of b
X the &
Venthecular complex 13 inverted, “aberration e uent

eases it - 7
to the )
drect

= e Wy 1ne extent iom darmede
[ P — ¢ ten of the aberration dswend
mne

de =« v e anty actor, as aberration may be
.
mereased for 2 time after quinidine or dwsine -

+) e dupuise s blocked. nnd thena
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these cascs. In civil life the syndrome occurs more commonly in
women, and the investigation of the ndden: conflict of aniety
‘neurosis, which is expressing itself in tachycardia will often require
the assistance of a psychologist ; but simple re-assurance that the
hieart is not at fault may relieve the anxicty. i
Grucost DEriciEXeY. In some cases symptoms occur only two
or three hours after meals. They compnse tachycardia, choking
pain in the chest, tremor, muscular weakness, and oceasionally
* fainting. The attacks can he reproduced by injections of 10 to 13
umnits of insulin three hours after n meal ; they can he relieved by
glucose. The blood sugar at the time of the attack is either low
or has a low normal value; the glucose tolerance curve falls
sharply. The symptoms are probably due to the relcasc of adrena-
lin to combat the falling blood sugar. They are best treated by a
~ high protein and low carbohydrate diet, wlich does not causc so
much insulin to be seereted. Intermediate feeds are also useful (5}
Some rare cases are on record n which there was a combination
of severe tachycardin and postural hypotension (6). Hyper.
insulinemia due to tumour of the islets of Langerhans must be

remembered.

Premature Systoles
Premature systoles may arise from the auricles. the A-V node,
~or from the ventricles. Fxeceptionally they may come from the
S.A. node (7). The intable pont in the heart muscle mitiates 2
contraction before the normal mpulse from the sinu-auricular °

node has reached it.
A premature beat 1s weak, as the ventricle 15 mcompletely filled

at the moment of contraction. The beat may, or may not, open
the aortic valves, and cause a wave to be transmitted to the
' pulse.  Chmeally premature beats are recogmsable by. the
irregularity of the pulse. Fither the pulse 1s ntermittent, a beat
being dropped, or elsc a weak and early beat can be felt. The
succeeding normal beat—the returning beat—is usually stronger
than normal. The premature contraction can be heard at the
. heart, except in rare instances of bloched euricular premature
svstoles, and the dingnosis 1s best made by auscultation, 1n order to
differentiate this irregularity from true dropped beats of heart
block. Beats that fail to cause a pulse wave may only give the
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Ventricular Premature Systoles cause lighly abnormal ~ 7,
ventricular deflections of the same kind as in l)\lnd!e Ah'mnch \:lo-ck.
They are usually large and biphasie, 1€ the maw \rf\l.ml‘ dcllfcho:l .
15 upward, the end deft tion is d d; Q]S% is
- Premature ventricular systoles were formerly divided into those

" arising from the right and left ventricles on the lines of l)u.ndle .
branch block. ‘Thus an upward imtial deflection in lead 1 with a
downward mstial deflection in Jead 11 would <ignify a premature
systole amising from the right ventricle just as, if not premature, it
would signify left branch block in which the right ventricle is
activated first Xt is doubtful if this view is Justificd In infarcts
the distinction hes between an anterior apical lesion and a posteriot
basal lesion. In a patient with congenital absence of the lower
half of the sternum stimulation of the base of the heart produced
premature systoles with upnght main deflections in leads 11 and
11, whether the stimulus was apphed to the right or the loft sides
of the heart, while stimulation of the apex resulted always in
downward deflections in these leads (9). During an operation for
the removal of pleuro-pericardial adhesions in a patient wlhose
‘heart was rotated, it was possible to stimulate directly the posterior
surface of the right ventricle {10) It was found that stimulating
the base of the right or left ventricle caused premature systoles
with main deflections which were directed downwards in Jead 1
and upwards in lead III, while stimulation of the apex caused
upright deflections in lead I and @ownward in Lead IIL. Recent
experimental work on dogs suggests that the position is compli-
cated (11) Imitial upward deflections in'lead T, combined with a
downward deflection 1 lesd I1I, signified that the posterior surface
of the nght ventricle was sctivated before the anterior surface of =
the Jeft ; upnard deflections in both leads T and ITL indicated that
most of_ the right ventricle was activated before the left. The

. I‘T,l:!:er ls‘ not )"et sett!ed, but lt‘secms that the shape of premature

ntricular systoles is determined more by the position of the

Apmnt at whncl} they grise in relation to the apex or bhase of the
l:?art th%n to ltsflocalmn in either ventricle (11). In any case the
- O eul i i
- d N v systoles is of little clinical
importance. A few years ago the res ersal of the formerly accepted
i or .
the auricular rhvthm ie

made no diff tod
In yentricular premature systoles
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The smpulse from the premsture auricular systole passes back,
to the sinu-suricular node and discharges the one which is forming
there, The thy thm of the heart 1s thus fundamentally disturbed
stiee a new impulse farms at the sineaunentar node. The pause
after an aurseular preminture s\ stole consists of the normal mterval
between the heats plus the timie taken hy the ectopie tmpulse to
spread to the § . node. Tt s not <o long as the full compnsatory
pawse following ventricular premature beats  Sometimes it 15
possible to recognive thus chinscally

Nodal Premature Systoles. Nodal premature sy stoles are
uncemuon. The impubse 1s generated at the aurieulo- entricular
node, and spreads downwards to the yventrcles and hachwards to
the auricles, As i nodal thy thee the Powave 1s i erted, and may
appear before the QRN or be burted m at, or folow 1t. The
ventricular complexes are normal,
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Ventricular Premature Sy cause Iughly abnormal

ventricular deflections of the same kind as in lmr\d!g lx'mnch Molck
They are usually large and biphasie, If the main imtial deflection
1s upward, the end deflectron is downwanl; QRS s brondmrd.
- Premature ventricular systoles were formerly divided into those
" arising from the right and !FR ventricles on the hnes of hu.mllc
Pranch block. Thus an upward imtial deflection in lead T with a
downward inteal deflection in Jead J1I would sigmfy 8 premature
systole ansing from the right ventricle just as. il not premature, 1t
would signify left branch black in which the right ventricle is
achivated first. It is doubtful if this view is ustified. Tn infarcts
the distinction Jies betw een an anterior apical lesion and & posterior
basal leston. In a patient with congenital absenee of the lower
half of the sternum stimulation of the base of the heart produced
premature systoles with upright main deflections in leads 1I and
113, whether the stimulus was applied to the right or the left sides
of the heart, while shmulation of the apex resulted always in
downward deflections in these leads (9). During an operation for
the removal of pleuro-pericardial adhesions in a patient whose
heart was rotated, 1t was pdssible to stimulate directly the postenor
surface of the rght ventricle (10). It was found that stimulating
the base of the right or left ventricle caused premature systoles
with mawn deflections which were directed downwards in lead 1
and upwards n lead III, while stimulation of the apex caused
upright deflections in lead I and @ownward in Lead I1TL. Recent
experimental work on dogs suggests that the position is compli-
cated (11). Inttiol upward deflections in'lead ¥, combined with a
downward deflection m lead ITI, signified that the posterior surface
of the nght ventricle was activated before the anterior surface of -
theleft; upward deflections in both leads I and I1T indicated that
m°:; “l. the right ventnicle was activated before the left, The
matter is not yet settl i
° ventrieular S))'stoles i:d:i;‘;::i::]mysu:‘;:t):he hape o.t' prematuce
2 € y the position of the
point at which they anise in relation to the apex o base of the
l.:ﬁ:t..g‘.a{‘."i\ilf_c_aﬁo? in mher.ve.nlricle (11). Inany case the

AN ventricular nrematisre cc ebo).. a1
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", wndisturbed, but the next impulse from the sinu-auricular node

usually finds the ventricular muscle refructory. A *‘compensatory

pause” therefore occurs, the sum of the cycle before the early beat, |

and that after it, equalling two normal cycles. Oceasionally, if the
heart is beating slowly, and the cctopic impulse is very carly, the
ventricle may again be ready to contract by the time the normal
impulse arrives, A true extra-systole then results which is spoken
of as an “mterpolated extra-systole” since the premature systole
is interpolated between'two normal beats. The P-R interval

Ventricular premature systoles  Ansing from two foc:
following an interpolated extra-systole 1s usually prolonged, owing
to fatigue 1n the conducting tissues.

MurtieLr: PrResaTURR SvsTorts may oceur, when sev er?l
ectopic foci are active at the same time. If the rate is rapid, as it
often 15 m these cases, the clinteal irregulanty may be difficult to
distinguish from that of anricular fibrillation.

Atiology of Premature Systoles. Premature systoles do n?t

. by themselves signify heart discase ns they are frequently found in
. - ’
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" liearts which are othernise normal. They eccur wore often in

“nen than 1n women, and are increasingly comnion as age advances,

A normal heart may be imtated in a variety of ways. Digestne
disturbances, particularly associated with heavy meals, and the
excessive use of tea, coffee, tobacco or aleohol may lead to ven-
trieulat p systoles, Injections of adrenalin can produce
them, and psy chologieal distutbances may act in the same way
through stimulation of the sympathetie nersous system.
Fremature systoles may amse dunng the coure of sny acule
1nfection, or 1n association with a septic focus.

In myocardial disease premature systoles are often et with in
active theumatism. They appear with ischoemic lesions, and also
in acute focal wflammation. In rare cases they are seen in com-
bination with malignant deposits, or in syphilis,

Ventricolar prematute systoles,

due to dy
shown 10 T2 and T3, 'm a ¢ th et

N ase with fibnllation

hmtalis produces ventrieular

premature systole: i
gnen in towe doses. ; 3 o It

The appearance of 3 H
which a ventreutar pret e coupled shythm, in

mature systole follows cach nor
usually & wgn to stop the drug, et

But coupling may be f
7 may ound to
pbzrfllst somc‘tel‘xlncs in patients on mamtenance doses ; then it may
1sregarded. There 15 evidence that . «
3 T
digitalis intovcation may be oy dhpiueles e to
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. undisturbed, but the next impulse from the sinu-auricular node
usually finds the ventricular muscle refractory. A “compensatory
pause” therefore oceurs, the sum of the eyele before the earls beat,
and that after 1t, equalling two normal eycles. Occasionally, if the
heart is beating slowly, and the ectopic impulse is very early, the
ventricle may again be ready to contract by the time the normal
impulse arrives. A true extra-systole then results which 1s spoken
of as an “interpolated extra-systole” since the premature systole

- is interpolated between'tno normal beats. The P-R interval

Ventricular premature systoles Arnsing from two foc: -

following an interpelated extra-systole 1s usually prolonged, owing
to fatigue m the conducting tissues,

MurTipL: PREMATURE SysToLts may occur, when scren':l
ectopic foci are active at the same time  If the rate 15 rapid, as it
often is in these cases, the clinieal rregulanty may be difficult to
distinguish from that of auricular fibrillation.

Ztiology of Premature Systoles. Premature systoles do n?f.
by themselves signify heart discase as they are frequently found in
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oecur early in dustole, and would be l}ccurnldy rchu;i’ In luf::‘c-
1o the preceding beat. Out of Sevcnty-m‘ght c\‘:\mltlcs o ;{';ﬂ“" ¥
due-to ventricular premature systoles, fined coupling of this type
in forty (15). - X
“a;::‘;:?s‘:‘o1:f "!Shc) theary of parasystole seeks t? explain
premature sy stoles which recur at intervals over Jong perinds, The
intervals may be regular or wregular, but if irrégular, o conm'mn
denomnator in units of ime can be found to cover them all,ifa
sufliciently long tracing is taken. Jn these cases there are pmbnp\y
$no tendres 1 the heart muscle wWhich are actively producing
imiptilses. The centre with the faster thiythm, which is usually the
higher centre, 1s dommant, but the lower centre is protected (rom
the impulses ansmg m the gher by an widiseetional block
(Fatrance Block) Thus there may be a centre i the ventricle
which 1s generating ampulses at n slower rate than the dominant
stzus ythm. 1t s protected from the normal sinus mopulses by
the black, but its own impulses can pass out to activate the rest
of the ventnele. The heart, however, will not respond to impulses
during the refractory period, Only those impulses from the venis-
cular centre which artive shile the ventncle s receptive, »ill be
answered. The result of this interplay of the two rhiythms is that
“entrieular premature sy stoles oceur at intervals which are usually
irregular, since the rate of the lower centre will usually bear na
simple mathematical relationship to that of the ugher centre. If
the rate of impulse formation 10 the two centres dacs not alter,
however, the intervals between the premature systoles wilt be
rTelated to cach other, sinee the three factors concerned in their
appearance~the ratc of the lngher centre, the rate of the lower
centre, and the refractory period of the heatt musele ate constant.
Rarelt the rate of impulse formation n the cetopic focuy'ts
faster than that of the smus thythm. In these cases some of the
ectopie umpulse must also be blocked (Fxat Block). In one such
case the ectopic focus had a rate of 375 {16},

Swwerows  Premature systoles are a cawse of discomfort to

many people They feel their hearts to be turning over,

3t seems to stop. The stron, or else

g returning beat alter 2 pans -
felt a5 an unpleasant N Rotiachel

o np. On the other hand, ith
indn yduals are often unaw; and, less sensitise

are of any i "
Prnecnere At h any irregutanty,
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Auricular premature systoles are more often associated with
changes in the venous inflow to the auricles. They appear in mitral
stenosis and in emphysema. Frequent aurieular premature systoles
m mitral stenosis may be forerunners of auricular fibrillation,

Nature of Premature Systoles. Single premature systoles
can be evoked experimentally by induction shocks, or by means of
mechanical or thermal stimuli.  Alterations in the quality or
quantity of the blood supply may produce them : also stimulation
of the autonomic nerves controlling the heart. In certan condiz

. tions the heart seems peculiarly hable to generate premature

.

systoles. Thus chloroform may induce a state in which premature
systoles may be readily produced by many different stimult,
S“U” Wavn axp ProvaTern Systoins. The “U” wave 1s 2
small, blunt inconstant deflection which follows the T wave. In
normal curves 1t can be recognised only in about 10 per cent of

- standard leads but in 75 per cent of IVR leads (13). In abnorma

curves 1t is present much less often and may be inverted.

The “U” wave occurs m the same part of the cardiac cycle as
the super-normal phase. Most ventricular premature systoles,
including those of coupled rhythm, fall on the “U” wave, or begin

durmg that part of the cyele i which it occurs. They, therefore

may be related m some way to the super-normal phase, which 15
known to be increased by nsphyxia, acids and some drugs such as
chloroform. Less commonly ventricular premature contractions
come late m diastole, and these may be due to escapes of the
ventricle,

Theory of Re-entry. Another explanation of the coupled
rhythm associated particularly with digitalis mtoxication is !h'e ,
theory of re-entry: It is suggested that the premature systole is
actually produeed by the same shmulus as the preceding normal
beat (14). The theory is based on the fact that circus movement
s been found ta invelve the ventricles as well as the auncles;
and that stimuli applied to partinlly refractory heart muscle may .
produce more than one response. It 1s possible that the orniginal

stimulus may find only some fibres able to conduct 1t. and that

the wave may be able to return through other fibres winc.h were at
first refractory. In this way a simgle wave of stimulation could
cause o normal bieat, and then, by re-entermgr the ventricle, coul({
 exarte n second responsé. The second response would naturally
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ocour early in dinstole, and would hc'n}ecumtcly related "m h'me‘
to the preceding beat. Out of seventy-cight cvmmglcs of \n;.;cml.n)‘
due to ventricular p systoles, fixed coup of this type.
was fornd 1n forty {15). X
Parasystole. The theory of parasystole sechs 1(3 explain
premature systoles which reeur at intervals over long periods. The
wtervals may be regular or irregulat, but if jrregular a common
denomainator 1n units of time can be found to cover them all, if &
sufficiently long tracing 1s taken. In these eases there are prob:\\'»\y
no centres in the heart muscle wlich are actively producing
iipulses. ‘The centre with the faster thy thm, which 15 usually the
Ingher centre, 1s dotninant, It the lower centre is protected from
the impulses ansing m the hgher by an unudirectional Wlock
(Fantrance Block). Thus there may be a centre in the ventricle
which 1s generating impulses at a slawer rate than the dominant
sinus thythm, Tt is protected from the normal simus impulses by
the block, but 1ts own impulses can pass out to activate the rest
of the ventnele, The heart, howeyer, will not respond to smpulses
during the refractory peniod. Onl\ those impulses from the yentrie
cular centre which arrive while the ventriele 1s receptive, will be
answered. The result of this interplay of the two rhiythms 1s that
ventncular premature systoles occut at intervals which are usually
irregular, simce the rate of the lower centre will usually bear no
simple mathematical velationship to that of the lugher centre, If
the rate of impylse formation in the two centres does not alter,
hovever, the mtervals between the premature systoles will be
related to each other, since the three factors concerned in ther
appearance —the rate of the hugher centre. the rate of the luwer -
centre, and the refractory period of the heart musele are copstant.
Rarely the rate of impulse formation m the ectopie foeus'is
faster than that of the smus rhythm. In these cases some of the .
ectopre impulse must also be blocked (Ixit Bloek). In one suck

<ase the ectopie focus had a rate of 875 (16),
Svuproms

Premature systoles are a cause of discomfort ta _ o
,many people. They ferd their hicarts to be tunung over, or clse

3t seems to stop  The strong returming beat after a panse may be
felt 28 an unpleasant thump. On the other hand, less scns;tive
wdividuals are often unaware of any irregularity.

Prochosis.  Multiple premature svstoles from several foor



270 TACHYCARDIA -

especially when they are associated with a rapid rhythm, are not
found in lealthy hearts. Otherwise premature swtolcs have no
prognostic value of their own, Auricular premature systoles have
been observed for 24 years without any other abnormality (17).
If there are cardiac lesions, they may have some bearing on the
outlook of the casc. In mitral stenosis auricular premature systoles
may point to the carly onset of fibrillation. After a coronary
occlusion ventricular premature systoles somewhat merease the
gravity of the prognosis, by suggesting the possible development
of ventrieular tachycardia (sce p. 210).

A .
Single premature systoles do not damage or overload the heart.

They may suggest the presence of lesions, but alone they have no
maore significance than a systolie murmur, or a pulse rate of 120.
Treatment. Premature systoles usually require no trentment,
beyond reassuring the patient by tellng him that they are of no
importance m themsclves. Sometimes they may pomnt to a source
of toxin which 1s irmtating the heart, and suggest a search for

sepsis in the teeth, tonsils, sinuses, gall-bladder, wrinary or

alimentary tracts. If the premnture systoles disturb the patient,
the renioval of-coflee, tea. tobacco or aleahol may be effective in
controlling them, Bronude or phenobarbitane may abolish those
associated with psychological disturbances. Quimdine sulphate
in doses of 10-15 grams daly will often reduce the number
of premature systoles materiallv. Both auricular and ventncular
premature systoles can sometunes be cheehed by the use of smafl
doses of digitalis.  Ventricular premature systoles produced by

" toxic doses of dimitalis can be abolished for a time by potassiim

acetate in doses of five or ten grammes (12). In cases of nultiple
premature systoles in myocardial disease, or premature systoles
occurrng 1n other forms of heart discase, the treatment is that of
the associated leston, B

Auricular Fibrillation and Flutter
Mremaxsy. It 1s generally accepted that aurnicular fibrillation
and auricular flutter are catsed bv a cireus movement m the
auricles.
“Lewis' Tizory oF Crrets MovEMnNT. The impulse from the
sinu-ayricular hode passes dowp the nght auricle and has to sur-
round the openings of the superior nnd inferior venm ecava.
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Normally the wave will spread round both sides of ench vessel,
Inthis way two waveswill be fornied which will mect at the f urtl.m:
side and mutually extinguish each other, If the muscle atone stde
should happen to be refractory at the moment the wave started,
W could only pass down the other side, and so one wave only w ould
be formed This wave would meet 1o opposition at the hottom,
and there would be nothing to prevent it travellmg back to the
pont from which 1t started. 1f the refractory period of the muscle
should be less than the time taken by the Wave to arculate, o
second revolution could be made, and the circus thms started
would contmue indefimtely.

NaTURE oF FrLuTrer, In flutter a wave cireulates in the suncles
with an orbit which includes the orifices of both the superior and
inferior venz cavie (18). The distance travelled by the wave is
comparatively long. The time required for a wave to make a
revolution will be preater than that requited by the muscle
fibres to recover from their ahsolute refractory period. Although
the fibres will still be parhally refractory and their conduction |
time will be slowed, they will be able to respond wheii the wave
teaches them  So the impulse goes on and on 1n its original path.

NatuRE oF FieriLiatiox  The course of the circulating wave
has not been traced in fibrillation It may not be around the great
veins Fibnllary waves n the electrocardiograms have a greatcr
frequency than flutter peaks  they are abo irregular in tune and
shape. They may fade away 1n one lead and yet be present in
another lead taken sumultancously, These features suggest that
the arcwt of the wave must be shorter in fibrillation than i
flutter. There will not be time for all the fibies to have recovered,
The wave will constantly be passmg through muscle which is
almost wholly refractory. Some fibres will be alle to conduet it;
others will not  The wave will advance through those isfands of
muscle which are still Tesponsive, Tt will have to pursue a sinuous
course, which will vary at each revolution. Not only will the length
of the path alter shightly, but the plane of 1ts axss wilt be const

changing, antly

The difference betw een aurieular flutter and aurteular fibnllation
hes on the size of the rng  In Dutter ot is sufficientls large for a
B3P 1o be present between the head of the wave and its tail, wh

the muscle censes to be refractar. uAs tal, where

Tlonee ok
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constant, In fibrillation the advr nncmg crest is mixed up With the

wake, The gap is reduced to a minimum. The wave can only pass

along those fibres which happen to he responsive. Its course is.
’ t]\ercforc, irregular.

“Ivrune FLuTIER is an intermediate stage between flutter and
fibrillation. If may oceur during the administration of quinidine
in fibrillation. Quimdine slows the rate of passage of the impulse
in the aurieles, and, as the rate falls, the fibrillation waves become
larger and niore regular. In expenmental flutter, when the flutter
rate is high, the peaks become slightly irregular in time, and
curves may be obtamed which resemble those of fibnllation.

The importance of umpure flutter lies in the fact that 1t shows
that flutter and {ibrillation arc essentially similar, so that what has
been proved in flutter (18)may reasonably be applied to fibrillation.

. The fact that flutter can be turned into fibrillation by the action
of digitalis also pomts to a close relationslup between the two.

Recently confirmation for this theory has come from electrical
axes computed from the frontal, horizontal and sagittal planes
(19). In flutter and fibrillation the path of the impulse lay more |
or less m a arrcle.

Actiox or QuiNIpINE oN Circus MoveMeENT, The 1mportm\t
feature of circus movement is the gap. If the gap closes, the circus’
movement must stop. If the gap ncreases, the wave may take
another and a shorter course. if there is one open to it. The factors
in eircus movement thal can Le changed are the speed of
conduction and the refractory period of the auricular muscle.

In heart muscle quinidine lengthens the refractory period and
slows the rate of conduction. Transient bundle branch block has
been produced when it was given to patients with smus tachyeardia
(20). In addition 1t depresses the vagus, which has a different
action upon the auricular muscle from that upon the conducting
tissues, actually tending to improve conduction and shorten the
refractory period.  Quindine. thercfore, slows the circulating
wave both by its dircet action and by depressing the vagus, and
the fibrillary rate may fall from the nemhhourhood of 500 to below
250, With a slower aumcular rate more impulses reach t the
ventricle: so during the adnunistration of quinidine, before
normal rhythm returns, the ventricular rate rises, unless digitals

" has been given. . . .
s N +
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The action of guinidme upon the important gap is more vanable,
since 1t both increases the refractory petiod and slows conduction,
Only if the refractory penod is lengthened more than the speed
of conduetion 15 slowed, will the gap close, and the cireus move-
ment stop, This oceurs in about 60 per cent of eases of auricular

+ fibnillation,

. Acriox or Digrramss ox Crrevs Movmusar,  -Digitalic

* stmulates the vagus, and thereby inereases the speed of the

cireulating wave, but it also has n direct action upon the susicular
muscle which slows the speed of the wave. These effects oppose

. one another, and one or the ather may predominate, In filrillation

the result-is usually & quickening of the fibnllation rate, but
sometimnes the actions nentralise each other, ‘and oceasionally o
. slowing may oceur, e ’

In flutter the pace of the circulating wave will usually be
quickened. If digtalis is pushed, the flutter wave may take n
shorter path, and turn inte fibrillation. If then digitalis is stopped,
normal thythpr may return spontaneously.

Since 1n therr important action digitalis and quinidine oppose

eacli other, quinidine has been employed as a remedy for digitabs
poisonung (21). ’

Auricular Fibrillation
Auncular fibrillation is & common disorder. 1t was present i
-1 per cent of all electrocardiograms taken 1n 2 general hospital
{22). Ttss found in the majority of cases of heart failure.
Ztiology. There are no histological lesions speaifie for -
fbrillation,  Morbid ehauges are often present, but similar
changes orcur when the rhythm has remained normal, Of the
predisposing causes eardiac rheumatism, age, and the influence of

the vagus are umportant.
Carpps~ ™ =

" Tnmmitral

sooner oy
the patie vt L1 .
] 2os i snLics, diiciuding other valvalar lesions, the
l;)ltll‘ﬂtmce was greater in those #ho had previously had » prolar’; :;
"R interval so that vagal influence may also be = fa ! E N
AIthoush 1t 1uist hie rarmenitond ohos av . o = factor {23),
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Tur. Erngrey Grour.  Auricular fibrillation is found m
elderly people who may show little other evidence of cardiac
disease. The average age, was higher 1 those patients who died
with fibnilation, whether the underlying disease was hypertension,
coronary disease and rheumatic heart diseasc (21).

‘Vacus. Vagal infiuence is probably the underlying factor in a
i ous group including electric shocl., acute indigestion or
appendicitis, ether anasthesia: also when fibrillation oceurs m
digitalis porwsoning (23).

n

shight 1rregulanity, alternation of R waves 1n Iead 1,
and vanation in T waves Tremor present from thyro-
toxicosis, which s conducive to a very fast rate

yperTityroIDISM.  Auricular fibrillation 1s a well recagnised
complication of thyrotoxwemia, especially m the older patients
(Fig. 59). The subject 15 discussed in Chapter VI. )

~ Ortick Causes. Auricular fibrillation oceurs as a rare comphc'n-
tion,in cardiac infarction (p. 209). pnewmoma. and m cardiac
swrhilis. 1t may follow myocardial contusion due to a non-pene-
jury of the chest (26) (p. 98). It s not uncommon after

rating in
R 5 o ence Frap pareinoma of the lune (27 The onlv coneemtal
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defect withwhich it occurs isg patent intefauricular septum (p. 9).

Diagnosis, The diagnosis of auricular fibrilation is wwally
quite easy. The pulse 15 characteristie. 1t 1s totally irregular.
‘The beats are irregular in strength and in spacing, There appears
to be no relation between the size of any heat and that of the
preceding pause: thus a small beat may follow a long interval,
and a large beat suceeed a short one. At no time ean any succession
of thythmue heats be made out. There 15 a complete nbsence of a
dommant rhy thm.

Exawinarios of TiF HrART. When the pulse rate is very fast,
the irregulanty may not be eas) toappreciate. Auscultation at the
apex mav solve this difficulty, and the diagnosis should always be
confirmed by auscultabon
faling to overcome the
aortie pressure, will cause
no wave to be transmitted
to the wrst.  They may
be heard at the heart, but
will not be felt at the
wrist  Sometimes  these
extra beats will make the
irregulanty  more  pro-
nounced, though they
will not always do so

Errrcis of EXErcise
The sregulanity of fihnl-
fation  wsually becomes

. more pronounced on mod-
erate acceleration of the
heart. When the rate 15
slow and there 15 am
doubt as to the nature t;f
the irregularity, the
patient f well enough,
should be  re-examuned
after moderate exercive,
when the diagnosis Tis 60

) Auncalar  fit,
will wsually  beeome ,‘“tslnleadl?:l.ax!v:?r.‘m

Some of the weaker econtractions
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Tur. Eiperiy Grour.  Auricular fibnllation is found
elderly people who may show little other evidence of cardiac
disease. The average age, was higher in those patients who died
with fibrillation, whether the underlying disease was hypertension,
coronary disease and rheumatic heart disease (2.

Vacus, Vagal influence is probably the underlying factor in a
miscell group mcluding electric shock, acute indigestion or
appendicitis, ether anesthesia: also when fibrillation occurs in
digitalis poisoning (25).

Fie 59

Auncular Note rapid 1 rate 210,
shight irregulanty alternation of R waves sn lead I1,
and varntation an T waves Tremor present from thiro-
toxicosss, which 15 conducive to a very fast rate

TIvrorrnyrowisd.  Auncular fibnillation s a well recognised
complication of thyrotoswemra, especially in the older patients
(Fig. 59). The subject 1s discussed i Chapter VI

- Oruer Causes. Aurncular fibrillation occurs as a mrc'complln:. -
tion,in cardiac wnfarction (p. 209), preumoma, and in cardiac
syphilis. 1t may follow myecardial L‘DIIIMH?H due to o non-p(;ll)e;
trating injury of the chest (26) (p. 98). It is not uncommon ﬂ‘gc[ )
pulmoncetomy for carcinoma of the ung (27), The only congenital * |

.
- \
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defect withwhich it oceurs is gp‘ntcnt intetauricular septum {p. 0).

Diagnosis. The chagnosis of auricular fihrillation is usually
quite easy. The pulse is characteristie, It is totally irregular.
The beats are irregular in 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 inteeval,
and a large beat succeed a short one. At no time can any suceession ©
of rhythmie beats be made out. There 15 n complete almence of a
dommant rhy thm.

EXAMINATION OF THE HEART. When the pule rate is very fast,
the irregulanty may not be easy to appreciate. Auscultation at the
apex may solve this dilficulty, and the diagnosis should always be
confirmed by auscultation
faling to overcome the
aortie pressure, will cause
no wave to be transmitted
to the wnist  They mav
be heard at the heart, but
will not be felt at the
wrist,  Sometimes  these
extra beats will make the
irregulanty more  pro-
nounced, though  thes
will not slways do so.

Lrerers of EXFRCISE.
The wregulanity of fihrl-
lation  usually

Some of the weaher contractions

becomes
. more pronounced on mod-
erate acccleration of the
heart When the rate s
slow, and

there 15 any
doubt as to the nature of
the irregularity, the
pajient f well enough.
should be re-exanuned = =
after moderate exeree, T -

when the diagnosis fo 00
will usually become

Note fibnilary
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"

ELrcTrocarniocravs, Besides the tatal irregulurity in the |

spneing of the ventricular complexes, the P (auricular) waves are
absent. In place fibrillary waves are usually seen, They are rapid
and irregular osciflations, occurring between 400 and 600 times o

" minute. They are often obvious at one part of a lead, and then

die away a few beats Jater (sce Fig. 60). They are alway s shghtly

irregular in shape and in time. They are much more prominent m

some cleetrocardiograms than n others. The slower the fibrillary

rate, the more abvious arc the waves, as a rule. But they are always
'

7
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Fis, 61.
Auncular fibnillation  Note irregulanity, and absence of

‘ P waves The fibnllary waves are not conspicuous, but

there are slight differences 1n the shape of the R-T phases,
especially n lead 111

present, and in the flat curves of fibnillation 1 winch no oscilla-
tions may be visible between the ventricular compleses, they can
still be seen superimposed upon the T waves, and careful |n>]vectiox}
will show that no two T waves are exactly the same (Fig. 61). .

Fibnllary waves arc best seen mn precordial leads to the right
of the sternum. The largest deflections are obtained by menns of
an asophageal electrode (28), but this s nut. without discomfort
to the paticat and is not applicable as a rontine procedure.

. Dirsteurnizs 1§ Diacxosis. There are three conditions which

are dufficult to distinguish from fibrillation.



LFFECTS OF FIBRILLATION o

Multiple Premature Sstoles, especially if tlAmy are nri-;in;: fr(.vm
ore than one focus in the heart, may give rise to nn irregulasity
very simtlar to that of fibrllatian. The exercise test may r}nt
assist as the rate is often already fast. A combmnation of fibrillation
and premature systoles may rause difficulty ; if the rate is slow,
the fibmillation may be missed.

Partial Heart Block, with many dropped beats, when it occurs
at o relatively rapid rate, may cause an arrhythmia clinically

. indistinguishable from fbriltation. .

Ausicular Flutter, when the ventricular rate is slow and irregular,
may be impossible to disti §
electrocardiogram. -

from

without an

. Frrret of Tie Oxser of Finritzariox. The effect of the anset
of fibsillation depends upon the previous condifion of the heart,
nd upon the speed at winch the ventncles are driven, .

The speed of the ventricles, vanes inversely with that of the
ibrillary waves. A healthy auriculo-ventricular bundle will not
transmit 1mpulses’above a certan rate, and the higher the rate
at which 1t is shimlated the fewer ympulses will it conduet, It
other conditions are equal, more stimult will reach the ventrcles
with a fibrillary rate of 400 a minute than with a rate of 600. The
Iighest recorded ventficular rate in fbnllation is 220, Lut it is
not often that speeds of 160 are exceeded.

If conduction in the bundle is impaired, feser stimuli will pass,
and the onset of Bbrillation may not cause any aceeleration of the

heart. Complete heart block with a slow and remular idinvensst
cul-e e -

th ' '
“ha 4 peeps i vellftcular rate may
aftected by the fibrillation hecause of latent heart )b]:cek b::d lf,::clc
may be unable to yemember when the arrhy thntia heg‘an. ?
Coursk, Ausicular fibniltation lowers the efficiency of the Lieart,
- The lowered efficiency is due m part to the irregulanty, since th .
level of the systolic Liood pressare and the pulse pr;-;mr y
directly related to the precedmz cycle length (20}, Wi  the
sentneular rate is rapid, many beats are nelle e e
reach the pulse.: Under dj

ctive and do not
is attamed when the apex

talis therapy the maimun: efficicney
and pulse rates are most nearlew st -
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Eirctrocarniosravs.  Besides the total irregularity in the
spacing of the ventricular complexcs: the P {nuricular) waves are
absent. In place fibrillary waves are usually scen. They are rapid
andirregular oscillations, occurring between 400 and 600 times a
minute. They are often obvious at one part of a lead, and then
dic away a few beats later (sce Fig. 60). They are alnays slightly
irregular in shape and mn time. They are much more prominent
some cleetrocardiograms than in others, The slower the fibrillary
rate, the more obvious are the waves, as a rule. But they are always

'

Qo

Fig. 61
Auricular fibnllatian  Note irregulanty, and absence ol
P waves The fibnllary waves are not conspicuous, but
there are shight differences 1n the shape of the R-T phases.
especially n lead 111

present, and in the flat curves of fibnllation m which no ‘oscilla-
tions may be visible between the ventricular complexes, they can
still be scen superimposed upon the T waves, and careful inspection
will show that no two T waves are exactly the same (Fig. 61).

Fibrillary waves are best seen in precordial leads to the right
of the sternum. The largest deflections are obtained by means of
an asophageal clectrode (28), but this 1s not without discomfort

. to the patient and is not applicable as a routine procedure.

Dirricurnies 1x Disaxosis, There are three conditions which
are dificult to distinguish from fibrillation.
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aceur in chronie rheumatic heart disease and in hyperthyroidism 3
orcasionally it s seen in acute rhieurnatic carditis. Paroxysms may
follow gardiac mfarction or an acute infection, such as mfluenza.
1t may be sssociated witly patent interauricular septum Cases
have \;ecn tecorded after pulmonectomy 2. N

Diagaosis. Auricular flutter is due to a continuous regular
wave aireulating in the suricles ot an average frequency of aoh
revolutions a minute. This wave sends down impulses to the
sentricles which usually answer half of them (1 : 2 response). The
ventrides nilt then beat at a vegular rate of about 150, Tn'some
patients the ventricular response is slower {1 :3or1: 1 response)
the rate 1s then less than 150, and the thythm is wrregular, except
in rare cases where complete heart blotk co-exists,

Physical Examination. If a patient has a regfilar pubse of
shout 130 to 150 which remains constant 1n all positions, whether
Tie 15 up or at rest, the tachy cardin is Wkely to be dae fo auricular
flutter The jugular pulse n the neck should be examined closely,
The ramd and regular auricular thythim can sometunes he obsery ed
in the pulsation of the juguiar veins when the patient ies flat ;
and 1t may be possible on vecasions to mahe out waves which are
much faster than the ventnicular rate, especially if pressure on
the carotd sinus 15 elfective. Qceaswnally in these paticnts the
flutter sounds can be heard (32), and- the auricular mos ements
may eause a pereeptible Vibration of the chest nall. The contrac-
tions of the auricle can oceasionally be seent on the sereen with the
patient 1n the nght oblique posihon and barrum in the asophagus §
the eolumn of banum wibmtes,

Carotid sinus pressure may cause the ventricular rate to become
ilhn: :"\:'\ mlegulﬂtl for as long as the pressure is mamtained ; then
el e 1wl The e e e
distinguish flutter from ot{urr C}'Drcm ? Penist, This senes to
It oemnmonall 3 S toch rdx'n\: o pamv smal tachy cardia,

I£ the pulse 15§ )na ia responds in a symalar manner.

pubse 15 from 100 to 120 and wrregular, mild exercis -

¢ Mmay

cause \t to accelerate to shout 150, and to become regular,
Too much rtlxa?ce must not be placed ou these me(\w;l

+ diagnoss. Wy their means flutter may occasion liy | hods of

positively, more often 1t oan be mfe;red b .‘“:]) el diagnosed

cases an electrocardiogram ' ramion Y CrCusion. In moyt
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+"The point at which this occurs varies in different individuals, but
it will not usuaily be renched until both rates are under cighty.

Exercise causes an undue acceleration of the heart in ﬁbriHnt'iot).
There is also a delay in the return to the resting level, The accelera-
tion is usually due to a deerease in the vagal tone. The fibnllation
waves become slower, and so a greater number of stimuli pass
down the bundle. The effect ean be reproduced by an intrayenous

.injection of atropine (30). The acceleration can be controlled to
some extent by digitalis, but larger doses nre required than suffice
to control the rate at rest. . N

Fmotion can Icad to acceleration through an mercase in the
conductivity of the bundle duc to over-nction of the sympathetic.
This occurs also in fever. In nervous subjeets with a tendeicy
to sympathetic over-activity the response 1s exaggerated.™ Tlus
tendeney s particularly noticeable in hyperthyrodism. In these
cases sedatives should be given as well as digitahs. Elderly people,
who often have a predonunant vagal mfluence, and more placid
types, can manage with much less dimtalis.

Prognosis. Auncular fibnillabion occurs so commonly as a
terminal condition, or i hearts which are damaged already with
the effects of a rheumatic mfection, that the gravity of the
prognosis 1s apt to be exaggerated  The condition itself occastons u
mensure of cardine disabihity, but the prognosis as regards life
depends upon the state of the ventricular musele.  The longest
recorded case of persistent fibrillation, according to Lewss, 1
thirty-two years, Such a case now would probably be restored to
normal rhythm with qumdine. Even with mutral stenosis fibnilla-
tion has persisted up to twenty ycars (31). These cases are excep-
tional, however, and auricular fibrillation must be regarded as a
serious meubus upon the lheart. When 1t oceurs n a heart wlich
is already mecting the demands upon it with difficulty, fatlure may

* come on rapidly.

Auricular Flutter
Aurienlar Flutter 1s an uncommon disorder, occurring in many
types of heart disease. The average age of onsct 15 somewhat
l.:ltcr than in fibrillation, most patients b-cmg from I‘nrt_\'.to seventy,
although examples have been found in infancy. Filutter may
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there is any disease of the conducting JHssue, since most normal
hearts would probably respond in that way. 1t is merely o method
of expressing the ratso of the auticular to the ventricular rates,

When the ventricular complexes are abnormal as in bundle
branch block and recent infarction the Ilutter peaks may be
ohscured (38) In other cases, too, the flutter peaks may not be
obvious and the curves may resemble aunculad paroxysmal
tachycardia It is only m 1-2 flutter that dilliculties arise, aud )
increasing the block by means of carotid sinus pressure, or with .
digitalis, will enable the diagnosis to be made {Fig. 63).

e 63,

Auncular flutter Pressure carotid sinus (X) causes transient vemtncular
standstill  Ventricular escape {V E ) ocewrs !

11 FrertFr.  The human ventricdle js not capable of
maintawning rates of over 300, and speeds of over 200 are not welt
tolerated. The lower flutter vates are among those which can just
be mamtained, so that every 1mpulse may be transmatted and the,
ventricle will then beat at a speed of 200 or more, Attacks have
been recorded in which the 3 entricular rate was between 230 and
800, snd several in which 3t was abaut 200, mostly ocenrnng during
the aunicular slowing brought about by qunidine {38). These

attacks sre provoked by exertion, They are ysually serious, and *
cause loss of a .

5 and they may account for *
some of the deaths which are classified as syncope (Fnz. 654 ar:d n‘;"

Fic 84

Auncalar flutter  Avneular rate 380, ventyicular rate Ir
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Electrocardlogr)nms. The electrocardiograms of flutter are
usually distinctive. Besides the ventricular deflections, oscillz-s
tions of the fibre are seen wliich have a sharp uprising and a more
gradual fall. They are seen better in leads II and III then in
lead 1,'and are most prominent in precordial leads taken to the
right of the sternum. These oscillations are called the “futfer
peaks,” and it is noticeable that as soon as one ends the other
begins. They are perfectly constant in shape and in time in each

< subject, and they have a very similar shape in different subjects,

although the rate may vary considerably. The usual rate is
about 300, bit they have been found as low as 180 and as high
as 860 a minute (Ig. 62).

Auricular flutter  Auricular rate 250 As usual, the

flutter oscillations appear only mn two leads  The
ventr R D AN heart
block . Q,

1-2 Frurtor.  Usually every other stimulus is trnnsmitt.ed
’ to the vcntrlcles so that the ventricular rate 1s regular, and varies
from 130 to 180. Sometimes a stimulus will be dropped at ntervals

" so that at one moment every other impulse and at another every

third will be transmitted. The ventricular rate will thfn be about
120 and slightly irregular. When every other shmulus is answ ered,
1." heart block is said to be present. This does not imply that
- - - N Ay A .

i

4
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Course and Prognosis. The onsetof¢ flutterisamore
senaus event than the onset of fibnilation (31). Ambulant cases
of flutter are not so casily controlled by digitabis, gl\d they are hable
to an abrupt doubling of the ventricular rate on exerbion, A c\\:‘mggc
from futter ta fbrillation is almost alway s heneficial to the patient.

As m fibnliation the prognosis as to life depends upou the
underlying cardiac condition, One case had eontinuous flutter for
t ml)-‘-{e\n- vears with wnimparred efficieney of the heart (23).

N Paroxysmal Tachycardla '

A paroxysm of tachycardia 15 a bout of rapid heart action
which starts quite suddenly, has a variable duration, and ends ns
suddenly as 1t began. The rate of the ventricles varies from 26
to 200 4 minute. Some patients are prostrated by the attack and
have to lie down tillat is over ; others are but little inconvenienced.
‘The patients complain of palpitation and perhaps sull ion with
a sense of fluttering 1n the chest. The rapid beating of the heart iy
often distressing  Precordial pain may develop. The blood pressure
“aNls and giddiness and Taintness may be caused by the defective
erehral eireulation. There may be acute mental disturbances such

ts hailuemations, and cpileptiform convulsions may occur, Nouses
3 sometimes noted.

The duration of a paroxysm 1s very variable. Tt way m\l_\“ .
convst of & few beats, or last for days. Most paroxysms end within
two days, but some have lasted for a year or more.

In prolonged paroxysms the cireulation is slowed and the heart
may fal. This 1 mote Likely to accur if the heart was presously
diseased. The patient hecomes orthopneeie, and mdy yomit a.r
precordial pan may be felt, Venaus engorgement Aned cyanosis
appenr. there may he congestion of the lungs. The :.;m;cks.
though alarming, rarely end fatally, and the patient rapidly
recorers from the heart fadure when normal shythm returns,

Parorysms of tachycardia may be due to tranqient auricular
Sbrillation or flubter, to aurieutar paroxysmal tachyeardia, or to
ventrieular tachyeardia.  Ventrioular fbrillation iy so ‘c!osd g
assl\:mated with the last that it is also considered lere, , ¥

Toxy % ibrillati
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Svow VexTkicurar Rate 1x Frurrer. When the ventricle
responds sometimes to every third, and somctimes to every fourth
mpulse, the rhythm will be irregular, and the rate will be com-
paratively slow. When the rate is below 120 it is probable that
the bundle 1s diseased, although the expressions 1-3 and 1-4 heart
block are again merely methods of expressing a ratio (Fig. G4).
Wheit the rAte 15 under 60, disease of the conducting tissue is
certainly present, and complete heart block 1s sometimes met with
in flutter (Fig. 62). i

A
B
’ Fic 65
A —Aurcular flutter, nearly 300 1-1 ventricular
Tesponse

B —Aunicular flutter  1-2 ventncular response
From the same case as



‘ PAROXYSMAL TACHYCARDIA 283

Course and Prognosis. Theonsetofcontinvous flutterisamore
serfous event than the onset of fibrillation {34). Ambulant eases
of futter nre nat S0 easily controlled by digitals, and El\&)‘ are hnble
toan sbrupt doublmg of the ventricular rate on (-):crlmm A clufngc
from futter to fibrillation is alnast alway s beneficiat to he patient,

As m fibnllation the prognosts as to life depends upon the
underlying cardiac condition. One ease had continuous flutter for
!wenlg‘«fu:r years with ummpaired efliciency of the heart (33).

Paroxysmal Tachycardia

A pororysm of tachyeardia is a bout of rapid leart artion
which starts quite suddenly, has a varable duration, and ends as
suddenly as 1t began, The rate of the ventricles varics from 120
10 200 2 minute. Some patients are prostrated by the attack and
hate talie down tillitis over ; others are but fittle inconvenienced.
The patients lain of palpi and perhaps ion with
asense of fluttering in the chest. The rapud beating of the heart iy
often distressing. Precordial pain may develop. The blood pressure
falls and grddmess and faintness may be cansed by the defective
cerebral tirenlation. There may be acute mental dnturbanees such

as halluemations, and epileptiform convulsions may oceur, Nausea
1s sometimes noted. ’

.
The duration of & paroxysin is very variable. 1t may only
consist of a few beats, or last for days. Most paroxy sms end within
two days, but some have lasted for a y ear or more.

Tn prol Vs 35 slowed and the heart

P g the

"may fail. Thus 15 more Iikely to oecur if the lieart was previomly
diseased The patient hecomes orthopneete, and may vomit : or

+ precordial pan may be felt, Venows engragement and eyanosiy
appear- there may be congestion of the lungs, The attachs,
though alarmung, yorely end fatally, and the patient mpidh’
Tecovers from the heart farture when norma) thythm returns.

Paroxysms of tachy canlia may

Sbrllation or Suttrr, to auricular paroxysmal tachycardia, or to
entricular tachyeardi,  Ventncutnr Rmiflation, v 0 't‘m\t\
associated with the dast that 1t 15 aiso considered *

here.
Paroxysmal Auri . R
$ram “c.i’u..“.‘:.‘ A“".C wlar Fibriflation. Paroxysms of fibrilly..

be due 10 transient nuricular




284 T TACHYCARDIA

is not likely to 'return after a week, although it’has done so
spontaneously after two years (36). .

Paroxysms oceur under three conditions. A series of paroxysms
may precede the onset of permanent fibmifation. This is not
‘uncommon in mitral stenosis or hyperthyroidism. It seems as
though the auricular muscle has reached a state when any stmulus
will be sufficient to excite fibrillation. Auricnlar premature
systoles are often present at this stage. The paroxysms may last
from a few beats to some hours.

In another group are the isolated paroxysms. They have usually
a definite exciting cause, auch as a coronary occlusion, or they )
arise during the course of an infection. In the same category are
the attacks due to vagal influence, such as those caused by electric
shock, or following some mental disturbances : or caused by direct

- stimulation of the vagus by mecholyl (87).

In true paroxysmal fibrllation the patient may undergo a
sueeession of these attacks at shorter or longer intervals over a
number of years. Often o careful search fails to find any satisfac-
tory cause. In some eases toxic conditions, such as eystitis or
pyelitis, are associated with the paroxysms. The attacks are not
dangerous, but they may give rise to much disabulity. Sometumes

. they end by the fibrillation becoming established ; sometimes the

.
~ condition proves amenable to treatment.

Paraxysmal Auricular Flutter, One quarter of all cases
nuricular flutter are purcly paroxysmal, and attacks are often
associated with paroxysms of fibnllation (34). Paroxysms of
flutter tend to recur and become more frequent. and they easily

, lead to heart fatlure if at all prolonged.

Cases with numerous short attacks consisting of o few flutter
peaks only are sometimes found. Smgle flutter peaks may occur
in such records (38) (Fig. 66). .

e

’ 5 + attack starts
marks the end of @ paraxysm of fluteer  The nex:
The arrow with an aunicular evtra-systole (E S ) -
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Ne T waves after a  Nodal fachycarda st a rate of 19¢
le;gg“)‘)\;o“sm of aunicular  with bidirectional ventricular responses
tachycardia QRS 0 09 sec )

.
Auricular Tachyeardia. In auncular tachycardia the heart
heats nt a rate varying from 120 to 300, but in most cases the rate
is about 180. As a rule the thythm is remarkably regular, the
beats bang evenly spaced to a fraction of a second. Sometimes
the thythm s interrupted by ventneular prematare systoles,
The rate 15 not usually mfluenced by postiire or by emation,
" Pressure on the carotid simus will not alter the rate, although it
may terminate the attack, The mechanism is not under the control
af the central nervous systeni. Pulsus alternans may appear 4 wring
the attack
The ventnicular complexes are usually of the normal supra-
ventricular type. Sometumes, howey er, the ventricular compleces
shows aberration during the sttack (Fig. 68Yand the eurves will
then simulate a paroxysm of ventrieular tachycardia, In most
attacks, unless the beginning or end has been recorded, the P waves
cannot be seen, bemg buried in the QRS or T waves, When Ppresent
_ they are abnormal and usually mverted {Fig. 69). In the com-
Paratively rare type of nodal tachy cardia inverted P wanre folta
the npe An.t .
for *
(Bay
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Auncular tachyeartia with 2§ bheart blick
Aurseulat rate 320 Ventricular rate 1> 160
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Auricular tachycardia may be associated with AV heart l»‘l:;('t
(40) (Fig. 70). *The attacks last longer than m the canmon ) i .
and cnu:e more disabibty.” One P?tm\l ‘\)mx’;\xt‘hmn .h\lcl.‘\::: :,:;\'

onths conti tachy cardia. h ay only
:?;ro:l:; :\ the patients when a 1.1 response is present, Tn-':;l-
ment on the whole is ineffective though digitals inereases ”u-
bloch, and qumidine may restore x'mrnml thy thn. 21
aurculoventricular block or a reversed Wenckehach phenomenon
may occur. Complete dissociation has been recorded (41). In u.l‘m
series of forty cases dintalis seems to have been a factor (42).
Nearly all had had congestive failure before the suncular tachy -
cardia began and had recewved digitabis, frequently to exceas,
Half of these patients died.

T 71
Auricular tachy cardua at
cycle lengt

120 with alternating
ths

There 15 a close relation

ship hetneen this type
tachycardia and

pavocysmal auricular fibriflation and flutter,
Of 14 cases of auricular tachyeardia,

who had alo paroxy $ms of
fibrillation and fiutter, a1 but one had 2-1 bloek (43). Alternatioy |,
of the ¢y cle Jength of the campleses occurs at times {41y (Vig 1),
Digitalis and quimdine may both slow the aunicular rate or sh;p a
rarexysm - On account of these facts it has heen suggested that
auricular tachy cardia may he due to 4 cireus movement inolying
the SA node when tlie P waves are uptight, and the AV, node
when the T waves are inverted (33), Diitalis wonld alex ot

of nuricular
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cireus through 1ts action on the nodal tissue quwdine by acting
diveetly on the aurteulsr muscle. The slow speed of the areus as
well 85 the wo-rleetnie penobs sepurating the P waves, compared
with the contmmous actinsty of the hbres m samsendar Qutter o
fibnlation, eontd b aecounted for by the ~low ate of vonduction
m eather node  An alternative saggestion 1s that the average
aurrcular rate m aurertar taehyeardia » faster than in flutter and
that a 2.1 A-V block w the role, alternate P wayes betyr bursed

1 i, 72 B
U Wait-Parhsneon White s ndrome
B —Jarpyyem of autiular tacbvoania from thie same avwe

in the QRS (16). Toweser, when the electrieal aves were uakeu.
Jated for anmentur tachyveardin, the swupubse, m confradistmction
1o the findings s {futter, seenicd fo frerseie s nornal course (19
in exeeptional vases the wsnal zules for parosy siud tachy sardin
do not apphy  Thus o geds had auncatar tachn eardia, foF s
years and two years respectis elv at g rate of 180 when standing,
and 150 when sithing, whide normal fis thm at 90 ottin rc(:n‘m-‘d
when lymg. 2-1 heart block being present at other titnes (7). [Dt
is possible that this orthostatic tachyeardiq wmay wowint for
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paroxysms of very long duration, as ina man wl}n l‘f‘f‘ aurieular
tachycardya for forty-three years without much disability, !n—okcn
only.for a period of four weeks following cardiac infarction’(45).

* A focus near the § A. node may have been responsible for another
sttack which ended gradually after seventy days, since the
tachycardia mereased with emotion and diminished during sleep
(m\: There 1§ o assaciation between aurienlar tachy curdia and
the Wolll-Parkinson-White syndrome. When the accessory bundle
15 Present, attacks arc common, Dunng the attack the sentricular
complenes may be more normal {Fig. 724 and 1)

Paroxysms may oceur m infancy with rates varying from 250
to 860 (56} The chuld is restless, then apathetic, and the pulse
often 1mperceptible (31)  Vomiting and eyanosis may oceur,
Tever and leucocy tosis are present. Congestive falure may follow,

Prognosis. If there 1s no associated Leart diseasc, the expeeta-
tion of hfe n auricular tachy cardia @oes not difler from the normal.
1 730 cases attacks hiad been present on the average for 25 vears,
and the longest history was sisty-four years (52). It1s impossible
to predict the number of attacks any patient is Lkely to have..
The attachs may cesse spontaneously, or the patient may re-net
to treatment 5 but others continue unchecked  Oceasianally the

attacks become more frequent and last longer, with more serious
and somehimes fatal effects (52)

Ventricular Tachycardia

as wean prunatule systoles {Fig, 73, They muoes 1~ 3

wse wantu igek. Lo de so certain ori

been established. Of these, the most rehatile 1s the d:rr\':t)er::rl)!llni
of an mdependent suricular thythm with P waves oceurrin,
aslowes sate {Fig. 74). The lead from the third right intery ai
useful for this purpase (53). Other acceptalife criteria a[:c 1
presence of ventmowlar premuture systoles before and after
Ppatoxysms, simular 1n shape to the coraplexes of the paroxy: N H
onset of the paraxysm with an abnormal vrnfrmnhr‘:’:-n? stk
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cireus through 1ts action on the nodal tissue : quinidine by acting
directly on the auncular muscle, The slow speed of the circus as
well as the iso-electric periods scparating the P waves, compared
with the continuous activity of the fibres in nuricular (utter.or
fibrillation, could be accaunted for by the slow rate of ronduction
in either node. An alternative suggestion is that the average

- auricular rate in auricular tachyeardia is faster than in flutter aud

that o 2-1 A-V block 15 the rule, alternate P waves being buried

A —Wolff-Parkinson-White syndsome
B —Paroxysm of auricular tachycardia from the same case

in the QRS (46). However, when the electrical axes were caleu-

fated for auricufar tachycardia, the impulse, n contradistinction

to the findings in flutter, seemed to pursue a normal course {19).
In exceptional cases the usual rules for paroxysmal tachycardia

“do not apply. Thus two girls bad auricular tachyeardia, 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 being present at other times (47). It
is possible that this orthostatic tackycardia rmay account for
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paroxysms of very long duration, as in a man \\lfo had auricular
tachycardia for forty-three years without much disabality, Alvr/Oktfl\
only for a peried of four weeks following cardiac infarction’{48).

* A focus near the .. node may have been responsible for another
attack which ended gradually after seventy days, since the
tachycardra increased with emotion and diminished during dlecp
(49): There is an association between auricular tachyeardia and
fhe Wollf-Parkinsor-White syndrome. When the accessory bundle
18 present, attacks are comon. Duning the attack the ventricolar
complexes may be more normal {Irg. 724 and B).

Pasovystas may oceur w infancy with rates varying from 230
to 300 (50). The child is restless, then apathetic, and the pulse
often imperceptible (51). Vomting and cyanosis may oceur.
Tever and leucocs tosts are present. Congestiv ¢ failure may follow.

Prognosis. If there 1s no associated heart disease, the expecta-
tion of hfe in auricular tachyeardia does not difter from the normal.
In 750 cases attacks had been present on the average for 23 years,
and the Jongest hustary was sixty-four years (52). It is impossible
to predict the number of attacks any patient is Tikely to have..
The attacks may cease spontaneously, or the patient may re-set
to treatment; but others continue unchecked. Qceasionally the

attacks become more frequent and last Yonger, with more scrious
and sometimes fatal effects {52).

Ventricular Tachycardia

L — -

ec .

a e paueiule systoles (g, TR Thev mees 1o
e st tioek, 1o do so certain enteri;

been establisbed. e

Of these, the most refiable is the d
of an mdependent nuricula e natation

asloner sate {Fig. 74), Th

T rhythm with P waves oteutring at.
useful for this purpese

c)lcad from the third right interspace is
53}  Other acceptable critena are the
presenf‘e of ventrielar premature systoles before and after the
ﬁ‘::} ;“;1 simular 1n shape to the eom plexes of the paroxysm ; the

. 2 . B
Z‘ the parexy st with an abnormal ventneular complex

3 and
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Lso 33

Pasoassmai vontrn alar tdiardia and oxtr o wstodes from the some frais

ventricuar comploses occurnmg regalarh and raprdh e auncilar
fibmltation (311 Rarels there mav be retrograde conduction with
partial blach  Inverted Powaves sall then foffow most of the
seatricular eomsplencs, it some smpalbses sill be blacked and w
the P waves will be ahsent

The ventrunlar rate duriag an attack vatics frome 1) fo 360
The shathm is wsnallv regnbor. but somctimes these are SJrht

Fie T4
Ventricular tachveardia at 110 Vincalar rate 1t 63
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variations in spccd which may be pcme\\i\blf: chnically. The “hm\ds
of the heart may vary i intensity. Carotid sinus pressure .m‘( no
effect upon the tachyeardia.  Attacks may last from a few beats
to two months {53). Tong attacks usually end fatally ; those
after coronary oeclusion are patticularly dangerous.
Ztiology. Ventricular tachycardia is much Jess common than
aurienlar tachycardia, snd it s wswally m:ociascd \f'x!h severe
~ myocardual disense. Attacks have been recorded in children (59).
Only in one-fifth of the cases is the heart otherwise normal. Ta
the der wither eardwse infarction, or digitabs averdosage
or disease of the eanducting tissues, anriculo-ventneular or hundle
branch block, is present (31). After cardiac infatction digitalis is
usually withbeld owing to the risk of ventricular tachyeandin, but
of six cases occurnng after infarction digitalis had only been given

1 two (53). In A<V heart block ventrienlar tachycardis often”

precedes ventricular fibrillation which is one of the causes of Stohes-
Adams attacks (see p. 238). ‘
Theorles of Causation. The Re-entry Theory has been apphed
to ventrieular tachycardia as well as to ventriewlar premature
systoles on the following grounds. In all the three associated myo-
cardiat Jesions condliction 15 impaired; since digitahs causes heart
block, and an infatcted area does not conduct narmally.. A normal
ventricular premature systole spreads rapidly, and all the v entrien-
“ar muscle is fefractory at the same time, 1f conduction is defects e,
he spread might be uneven, oning to the increased refractorsess
if some areas, and re-entry might oecur. Ventricular tachycardia
2y this theosy is due 1o circus movement, and is closely hnked to
ventreular fibnifation.
SuRERNOIY B Prasc. Some cases eannot be cxplained satis.
factonly by a theory of circus movement. it one instance o

ventricular tachyeardia was interrupted at times by an auneular
lnvih) cardia at a higher rate, and the transition was gradual (57),
This suggests strongly one ectopie focus being superseded by
another. In such cases it seems Likely that & repetitive di\cha‘rg’e
of stimul from an ectopic focus dunng the supernormal phase
causes the paroxysm (54)..1¢ is even possibte that thie focus ma:

be 1 the node or the brardle, aod that 4y ,

e form of the ventnewlar

T may be due to a} ion owing to their prematurity,

Frobably some such mechan aeeounts for N
T

ysms when the
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e T4

Paomasmar voticalar achisedrgr s wnd ontr sestedes from tie eane foons

ventricutar comploves oceurrng regularby and taprdie g omentar
tihpiifation (34) Harely there wany be tetragrade cowiucton with
partial bloch  Jusorted P owanes will Qo dallen st of the
veudrienlar comple s, bt som napudses wall e blocked ang w
the P waves will e absent

The ventpientar rate duning an attach vancs from o0 o Jn,
The shithm s wsualh regudar, but sonscbones thore are kel

T T4
\ entncular tachycardia at 110 \uricular rate <0 o3
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seceleration to 120, of else there miy he short Tuns of \’m\:x;\\\(l‘:\‘:
tachy cardia, Ventreular premature systoles l'mm.u constan! X :) w
vanably precede ﬂbn\\a(iou,‘u\c\ onset of which seems

by the gradual aceeleration.
fM‘;i:lt:t“eg(‘ th)e mitn?\; fibrillary period \\h'\cl\. nho may last fm::
-some minutes to days, short bursts of \‘cn\m.wl\.nr fibrillation &
ceen in whick the size of the complexes 15 diminished,

Tic 73
Budisectional ventncular tachycardia

The fully developed attack of ventricular fibrillation fasts up
o ox minutes  Inco-ordinate cantractions eccutr with a frequency
of 230 to 260 (F1g. 45), The oseillabions m the electrocardiogram
ary abo in amplitude, and they may ehange abruptly to regular
and equal complexes at a rate of 130 to 170, and then revert to

meo-ordination  With asphyaia tie rate may fall to 90 and the
ostllations may be only 2 mms. m amplitude,

After the attack there 15 a post-undulatory puwse ot cardie
standstill which may lavt up to o wminute {60). The aurscles cease
beating after about tem scconds  Some time after Teeavery
parexysms of aunentar fbrsllation or flutter may oceur. ’

Attacks of ventneular bt have been preerp ! by
injections of adrenshin given for Stokes-Adatns isease, assumed
to be due to sentricalar standstll, The archy thmia s usually
been recorded m dying hearts, by &

ut some patients hate had
numerous attacks ever a period of vears (39)
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¢ grains can be dissolved 3 per cent glucose saline
::\3 gig\:n intravenously by drip infusion at lhe] rlﬂl'e of :f’:’ :n(:l
an hour (65) . Quimdine bi-hydrochloride is solul )‘e n "
gr. nican be made up ina @ c‘c.ln.mpou‘lc. This 15 t! \c.nmst us
prep‘amﬁon’ for intra enous administration, nnd'm grains or more
can be given at a time if necessary. The bl»hydrochlnr.u].c of
quinine, which is soluble in 1in 0.6, is not 50 ef.fec‘h\.c as quinidine
but can be gnen ly.  Quinine is ". wr to the
tissues, bt 10 grans ean be injeeted two-hourly utihm{g different ,
sites for each injection. X
For most cases of auricular fibrillation the drug ean be given
isfactarily by mouth. The foll g scheme is safe and eftective,
though many other methods have been used, .
Thirty grains are given, divided into six doses nt two-hourly
The apex rate is charted hourly to note if normal
thythm returns, or if undue acceleration oceurs. In cither cave
quindine is stopped. The pulse is often found to haye beeome
regular when the patient wakes next mornung, I it has not done
50,/ the same quantity of quinidine is repeated on the second day,
ard agam on the third. 1f the case i still refractory, digitalhs is
substituted until the apex rate hias been brought down to below 80,
1t is then stopped and gunidine Tepeated) for another two or three
days. I after the thrd course of three days the fibrdlation
, persists, the attempt to restore normal rhythm s given up, but
more than two-thirds of all cases will respond at some time during
the course,

After the restoration of normal
for the patient to remain 1; bed further week to avord
Unless the cause of the fibrllation has been climinated,
operative thyrotoxie cas

; S, 19 16 15 gt of quinidine
given daily as a holding dose,

rhythn it is usnally adwisable
telapse.
as in post.
should be
e and should be continued yntj) the
patient 1s again iving s ordnary Jife,

Sometimes it may be advisable to give 35 gr. during the second
and third courses. Larger doses than this have been given] but
they are not, satisfactory. They may cause severe head. .
platlenls “:‘;d Tequire them are Ehely to relapse.
slower method is tg give
inereas the day 0gse 5 g2, the fiest day, 10 the second, and so

e gradually untif 5 maximum of 30
has ben reached. This dose is continged for ser o x B5 :l:uly

ache, and
Another and
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* Ventricular fibrillation may supervene in many cxperimental
procedures upon the heart.  Attacks can be induced by a single
» strong sheck during the supernormal phase in late systole. It is
suggested that the re-entering wave involves progressively smaller
blocks of heart muscle and that the disided waves have a shorter
cireus (61). To combat this a few weaker shocks have been applied
at intervals of about a sccond. “This was found to eause a progres-
sively coarser type of fibrillation until the process was arrested,
- This method was successful i stopping fibrillation . a large
number of experiments on dogs. .

Freatment
Auricular Fibrilfation. The treatment of auricular fibrillation
may amm at controlhing the rate and thereby increasing the strength
of the veninenlar contraction. Thisis ellected by means of digitals
~ {sce p. 347). Normal rhythm may rcturn after digitalis therapy,
“especinlly 1f congestive fatlure has been present, but this follows
the general improvement 1n the circulation and 18 not due to any
specifie effect upon the auricles N
- Quinidine 1s grven to selected patients with auricular fibrilla-
tion in order to restore normal rhythm
Quinidwe 15 a general cardiac depressant and causes both pulse
rate and blood pressure to fall. In patients with physiological
tachyeardia 1t may produce bundle branch block, and the abnormal
~  ventricular deflections found duning quimdine admmistration are
~probably due to depression of conduction m the ventricles. )
Toxic Effects. Tinnitus and headache are common with large
doses. Vomitmg and diarrhaca sometunes occur, A febrile reaction
with leucopenia has also been recorded (62).

Commercial quinidine contains 80 per cent pure quinidine and
20 per cent hydroquinidi Pure quimdine is twice as toxic a5
the commercial product swce hydrequinidine is not toaic and
therapentically inert {63). Edhmunation 1s rapid, 95 per cent
leaving the blood in a few minutes of an wtravenous injection {64).

By mouth the maximum effect is obtained m about two hours.
Methods_of Adminishation. Qunidine can be given orally as
quinid iphate. Tablets ing gr. v or 0.2 gm. (g "_17
or 0.3 _gm. (gn vi} arte available. Qumnidne sulph:ztc. s
jp 1-90 parts of‘wuler, but” by vigorous shaking

only soluble
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\nereases with advancing age (66)- Ql.lini(.hne is seldom giy c‘n‘!‘n
patients with ymitzal stenons, since ﬁ\mlhl\er} will always be liable
ta recur, and, when the ventrcular rate is uncontrofled with
digitabs, this may lead to congestive failure.

TReamveXT OF PAROXVSMAL FIRRILLATION. Intravenous
quindine bi-hydrochloride (gr. i) may stop thc. paroxysm at
once, 1f this is not sy ailable, the patient should be given s selatine
such as omnopon, gr. 1/3, and five or six grains of quinidine
“sulpbate. The qumidine should be repeated very two hours till
the attack 15 over,

To prevent paroxysms quinidine sulphate 1s often effective
Goses of 15 to 20 ratns daily. Larger doses, up to 70 grams, daily,
have been gven, but they tend to enuse A-V heart block and
bundle branch block (67) Moderate doses of digitalis are some-
times effective as prophylactic. The number of parovysms over
fifteen months was reduced to one-tenth by the intravenous
injection, during the paroxysm, of cedilanid, n giyeoside derived
{rom dgisalis lanata, folloned by 0,5 to 1 mg. by month daily (85).
Some ami at wnduemg permanent fibrillation by full doses of
digitalss.

TREATHENT OF ALricvLar Trerren. Digitalis, This is the st
satisfactory method  As the ventnoular rate slows under the
drug the Thythm sl become wregular, although oceasionally it
may pass strayght 10 a 1. 4 thythm. When it has came down to
below 80 a careful watch s kept  In sbout 30 per cent of cases the

thythm will become completely ireegular, suce the flutter will '

hate turned snte hibnilation. I dintahs 1s now stopped, normal
thythm may return s

y. I3t does, not, idine may
ble tned  Dhgitahs may have to be pushed ta a full or even tave
dose
Quanidine 15 somctumes effectine i Temoving Hatter, hut it js
seldom used. Asn fibnllation, qunidine slows the ausicular rate
and when 1t has fallen 20 209 o minute, or less, the ventricles ma ¢
answer every stmulus, This 111 fesponse i a Teaction to \3':
avorded Quinidine should be resery od for those cases who have
not resx;(}nded to a tharough course of digitakss. "
- 1 utter. Carotad sinus pressure should he used to ¢}
Tespomse quiekly to @ slower rate but this effect xt:a?f:::ﬁtli:z
fransient (see Fig 63) Since these attacks are telated 10 exertian
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QUINIDINE grs 4 grs¢ %
e 76

sShowmyg the effect of qumdme on the heart rate
and thyvthm m bbnllaten

unless the rhythm becomes normal.  Some prefer te gne a
prelmunary conrse of diptalis i order to avord the ventrenlar
acceleration due to the slov g of the crrenlatory nave

Selection of Cases. Quuudme should alwavs be given to patients |
with otliersssse normal hearts who develop 4britlation. It s aho
most useful m thyrotoxic cases in whom normal rhytinn has not.
returned spontaneously after thyroidectomy or after a eourse of
thiouracil. Almost all these cases will respond.

Congestive failure, active infections, and gross cardiac enfarge:

" ment are generally regarded as contra-mdicating quimdine. In

old-standing cases of fibrliation clots may he dislodged from the
‘ auricle and give rise to embol, and the nsk of auriculas thmm}u



e 75, -
The heart rate
~ indicates pressure on the catotid smus
e B the b wat s duppear Simus thythm 13 reflaced by edal
) thythm temponly

(Fig.77). Orthere may be standstill of the whole he{\rt.(scc Pp. 230).

Technigue of Compreession. The patient may be sitting or Iy
1 lying, the head should be stightly extended and the face turncd
» ttle to the opposite side. The ampullary dilatation of the
caratid should be located just short of the pomt at which the

sessel disappears under the angle of the jaw, The sinus should

then be pressed firmly, or massaged up and down by the palmar

surface of the thumb if the patient 18 lying; if he is sitting. the

‘operator stands beyond him and ‘uses his fingers (71). One side
should be pressed at a time, the right side fisst. The pressure is
mantained for about half a minute, unless the heart rate reacts..
Both sides may he tried at once, if either fails alone, 7 _. -

Carotid sinus pressure nfay terminate an attack of auricular
tachycardia, Ta suricular flutter, the ventricular rate 1 slowed
during the time that the pressure is maintained ; on release of
pressure the original rate returns (Fig. 63). This serves to distin-
guish doubtful cases, Carotid sinus pressure has no effect upon
ventriewlar tachycardia. The pressure may cnuse abrupt slowing
in normal sinus tachyecardia.

Vagal Stimulation can also be brought about by ipecac. One or
two drachros of the syTup can be given and repeated in forty-five
wanutes, if the patient has not vomited or the attack has not
stopped {32). Treatment is quite safe though somewhat
unpleasant. Mecholyl (acetyl B methy! choline chloride) in doscs
of 5-10 mg, given subcwtaneonsly stimulates the vagus directly, 1t

is sometimes efficacious in suncular tachycarda,
reactions are apt to ocoyr,

10 mg., the pulse falin
nitder foll 4 S0 w b

but undesirable
Thus one child fost conscionsness after

¢ £ 30 (73) and in anathier after 8 wng, the

;
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hydrockloride, gr. , should he ghen <donly by intravenows
njection, | bly under clect: di ," control, By so
downg the injection can be stopped if normal rhy thi is observed
toreturn. In long attacks i which the patient scems hikely to die,
the following procedures have proved successful,  Quinidine
sulpate, gr. vit. given every hour, slowed fhe rate and relieved
the symptoms in one case, although it dud not restore norna}
thythm, Intramuscular wnjections of quinine hishydrochlonde
Testored normal thy thm after 240 grains had heen gnen in two
days m 7h grawm doses {78). Quinidine sulphate divolved in <aline
stopped an attack on the twenty-lirst day alter 73 grains had been
injccted intravenously (70} in another on the twenty-third day
after 30 grans had heen injected.  The latter patient vomuted
and was unconsciaus for fifteen mmutes (80). It will be dlear that
in this severe condition some isks in treatment are justifinble,
Fmally, potassium ellonide, gr. xv, given et ery four lmur\ m
addition to quinidine s\i\p\\_\\t e, every three hours by mouth,
;:n:eedtd m one case which had resisted other forms of therapy
1
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hadroclorde, gr. X, should be given <low fy by intravenous
injection, preferably under electrocardiographic control. By <o
doing the injection can be stopped if normal thythin is obsers ol
4o return. Tn long attachs in which the patient seems Whely to die,
the following procedures have proved successful. Quimdine
sulphate, gr. iti, given every hour, slowed fhe rate and relicved
the symptoms in one case, although it did not restore normaj
rhythrn.  Intramuscular injections of quinine li-hydrochloride
Testored normal thythm after 240 grains had been pren in two
dassin 74 gram doses (78). Quinidine sulphate dissolyed 1 saline

stopped an attack on the twenty-first day after 7} yrrains had been

injected intravenously (¥9); in another on the twenty-thind day
after 30 grains had been injected  The latter patient vomited
and was wncanscous for fifteen minutes (80). It wiil be clear that
11 this severe condition some 1fsks in treatment are justifinble.
Fmally, potasaum chlonde, gr xv, gnen every four haurs, in
addstion to quinidine sulphate, gr. \1, every three hours iy mouth,

suceeeded in one case which had resisted other forms of therapy
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Yenous pressure, the volume of the blood,

CHAPTER X°
FAILURE OF THE HEART

Tims chapter deals with the subject to \\‘lld} most of the topics
discussed in previous sections of this book are fikely to lead svouner
or later, Duning the last twenty-five years there hz}\'c been many
changes 1n weas on the hmodynames of hear failurd. Looking.
back further, over a hundred years, one is often struck by the
clear msight of the Old Masters of medicine, not least amorg
them heing James Tope, so much of whose wntingy are firmly
established to-day, The fundamental step which first put the
phenomena of heart fature on a sure experimental basts was the
work of Starling Since then work has progressed fast, The chmeal
estimation of the cardiac output, at first hampered by technical

difficulties, lias now become reasonably accurate by means of the
ethod of cardiac cath

Thesamep Thas thrown
further hight on vanations 1n the venous pressure: the canse of
the and thar vl hip to cardiac needs

much further study. The volume of the blood, how and why it
aries wn heart failure, 15 still obscure, but na doubt v ery unportant,
The rate of the blood flow can now be measured in selected
stretches of the erculation  The pathogencsis of edema still
needs much eluedation. This group of subjects 15 an active growing
point of medical knowledge. 'The correlation of the wformation
they give as yet 15 uncertain, The methiods necessary are complex
and ighly techmeal  Many points need full elueidation at one
time and in one patient, with repetition of all investigations as
climeal improvement or deterioration occur, But the results

will be valuahle to all. Many conclusions sre st} conjeetura), !

and no doubt many will change a good deal 1n the near future.
The subjects considered will be the output of the heart, the

, the volume of the heax
and €fie rate of the eireulation These may be regarded as [7rimm-5‘fv
Secondary topies are the effects produced by derangement n}
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them on the lungs, as shon by changes in the vital eapacity,
eausihg the eardmal symptom of dyspneea ; and on the peripheral
circulation causing cedema,  Cyanosss 1 due to severn! causen.

The effects on the her and kadneys, the latter posaibly of wereas.

ing Importance, are neat reviewed,  Finally, come the chmieal
" phenomena of the two types of heart fadure, left-wided and right.
’

Cardiac Output

"The output of the fieart 1s n weasure of the work 1t performs.
The estunation of the outpt 15, therefore, of fundamental smport-
ance 3y the study of heart farlure

Methods. Most of the methods by which the output 55 obtamed
are based upon the peinciple of Pick (1870). If the amount of
oxygen required to turn a itre of venous mnte arteral blood, which
represents the artenos enous oxygen difference, 15 known, then the
amount of oxvgen consumed m the hungs per nunute divided by
this figure w1l give the mmute output mn hires of the night ventritle.
Since the output of the two ventricles must he approximately
cqual, that of the left sentricle can be assumed to be the same.
By dwiding the munute output by the number of beats per miute
the stroke output, or the output per beat, ean be caleulated.
The principle, though sound in genecal, takes no accpunt of
regurgitating blood, Thus m sortic meompetence, while the
effective output will equal that of the nght ventricie, the total
output of the left ventricle wcindes the blood returmng dunng
diastole,

The formula of Fick 5 -

Oaygen consumption m
Cardiac outputin  hungs 1 ces. per nunute
htres per mimute = Arteno - venous oxygen |
dillerence i ecs. per litre,

The oxygen consumption in the lungs is obtamed by analysing
samples of expired air, colleeted m & Douglas bag. In order o
find the arterio-venous osygen differcnce by the direct Fick method
it is necessary (o obtan a sample of arterial blood by puncture,
and a sample of blood from the right side of the heart, smee b!m.)d
returning m the dilferent vems varies m eonposttion. To- avoid
these punctures, methods have been devised using gases whick are
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sheorbed from the lungs. Of these the deetylene method (?f
Grallman (1) has proved the most satisfactory,  Acctylene is
sbeorbed from the lungd ut & known rate when corrections are
made for temperuture and pressure. The subject rebreathes n fr\f
, tiumes into a bag contaming a sture of ait and aectylene until
the gases in the lungs and 1 the bag are in cquilibrunm. A sdmple
15 then analysed and will contain a certain pereentage of oxygen,
acetylene, and carbon dioxide, the remainder being, mtrogen.
Rebreathing is contmued for about fifteen scconds—the exact
{ime s immatenal but must be less than the blood would take to
I Girculate—and the composition of the gases in the bag s aseer-
_tained again. By a formula the number of litres of blood passing
through the lungs during the rebreathing period enn be caleulated.
The total volume of oxygen absorbed duning this penod can alsa
be caleulated s and this, daded by the litres of blood passing
through the Iungs, gies the arterro-venous oxygen difference, or
the amount of oxygen in ces. absorbed by each htre of blond in
its passage through the lungs, This method, although accurate
when the output s normal or low, has proved fallacious when the
output is lagh, as some of the acctylene made a complete revolu-
tion before the end of the rebreatlang period,

Cardiac Catheterizatlon. In 1929 Forssman (2} had an uretene
catheter passed through his medon Lasthe vem into bis right
auricle. Sul ly cardiac catheterization was used to intri-
duce radto-opaque material into the heart, In 1941 Cournand and
TRanges {3) Jeft fhie catheter in posttion for an hour while making
suc‘cess“e observations, clottng being prevented by runming
saline through slowly and continzously. The method was then
apphed to the problem of cardinc output, and the atterio-venous
ovygen (ilicrence obtained 1n the following way (4) The arterial
oxygen saturabion 33 shitamned from samy

: ples taken from the
emoral astery. The wall is first tendered anmsthetic with

noy oc.xme,.nnd the needle 1s Jeft 1n posttion for a little time before
blood 15 withdrawn. Samples of blood from the night auricle are
withdrawn theough the catheter and the degree of oxyger
unsaturabion estimated  The ditference between the two ﬁ”’n“
[;:nes t'he a\rtcno-\'enous oxygen difference  The normal n\:&m
r\,[:mrt s 4.: ce. per litre, (.Xn alternative method 1s to Msum(:°

5 (mr“cen %y gen saturation in the arterial blood, which equg!
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cardiac index allows for this, heing the output in litres pet minute
per sqﬁare metre of body surface, The normal figure 15 8.1 Titres.
The cardiae index makes 1t posable to compare the output of
groups of patients of different body build, D
Ix Cannrve Diseask the output is maintained at nearly normat
+ levels until falture is advanced, With grass \enous congestion it
: falls to wbout, three itres per minute (10).
" Patients in whom the ‘excrcise tolerance was notmal were
*found by the acetylene methiod<to have a eardhac mdex of 2,4
litres which is normal for that method, but'the index steadily
iminished as symptoms increased, and in cangestive failure it
was 1.6 htres (11). -
Qutput in Anemia, Emph and Thyr In
these diseases n rused output 1s needed in order to supply the
requirements of the body for axygen. In severe anemia the low
0¥} geR content of the blood may require to be balaneed by a very
high output, L’I‘he cardiac mdex increased steadily in anxmic

Patranbe na sl -

u[auu lourteen litres ('1:1). Tn emphysema the oxygen saturation

of the arterial blood js diminished as a result of disease in the
‘lnngs: mn "ly‘VOfDIICMI' s the general metabolien is increased, and
1oTe oxygen is needed by the tissues,

It will be noted that these ate the diseases in which the speed
of the cweulation 1 increased, :
| ;h:;rm-‘\!enous Shuats, A hugh output is also required w
;::‘ conditions assoriated with an artero-venons shunt. Such

A, m{m-\ enous aneurysms, congenital eardiae lestons such as
{:A fluctus artenosis, and the inereased vaseulanty of the

o;\eﬂ i generalised Paget’s disense {14)

tudies with the 1, i b
Isperhen & eb )mlhstonnrdmgraph agree, and the term
vy cen used to denote an output which is in

o d'\scaql I\O‘:mal when 1t has heen cortected for weight (11).
es Which require 4 gh output to maintain the needs

sestive heart fmlure may co-exist
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193 cc, per kitre, if the lungs are normal, and to subtract the
figure for the blood from the right surscle (5), With this method -
only the vein need be punctured.

™ Bstimation of the eardine output by means of cardie catheteri-

zation 1s liable to error mn certan cases. Dupheate samples of
aureular blood varied m thewr oxygen content up to 23 cc. of the
gas in a fifth of the cases (6). It1s suggested that different streams
of venous blood i which the oxygen content diflers may not mix
thoroughly even m the auricle. The oxygen content of the expired
air varied up to 20 per cent m one-quarter of the eases. The
conclusion 15 that thongh the method 1« useful for studymg groups
of eases, indivadual estimations mey prove erroneous.

Other methods include a computation based on the pulse wave
veloeity and the pulse pressure {7), and the use of the Bullisto-
cardiograph, m which the reeosl of the eardie contraction 1§
measured (8). The patient hes on a suspended table, nhich
prevents movement except w a lonmtudinal diection,  The
systolic eantraction, forcing blood towards the head, causes the
body to recoil towards the feet, When the blood column strikes
the arch of the aorta and moves downwards, the recod is w the
opposite divection,  These movements sre transmitted to the
talle and are vesmsted by a spring and photographed.  The size
and shape of the deflechions obtmned evable the output to he
estimated  No great accurney 1s claumed for the method, but
neither artenal por venous punctures are needed. nor any co-
operation from the patient, beyond Iying relased on the table.

Cardiac Output in Health

‘The average normal cardine output evtimated by ssiny the
qurnicular catheter 15 about five hires per mnute recumbent, and
four litres standing {5}, This compares with four litres obtamned
!;y the acetylene method and the balbstocardiogram. aund foe
litres by estimating the velooity of the puise wave. ‘

The output merenses greatly nith anssety and may rench hfll‘ﬂ? 3
hires per munute (9), Unless the patient 18 refaned, s:\txsfﬂctor.;
basal readings will not be obtamed. During exeresse the outp;x
mwayv wevease to twenty-five or more fitres per mamute, ;N‘
omiaut also varies aecording to the size of the indwvidual. The
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[he same hand of changes were “fountt w sy philitic aortie ingows
setenee when the right fieart fadure was secondnry to the left.

' Right Auriealar Pressure. The nornial }\lhi!l.ﬂ‘ﬂ aary from
2 to -2 mm. Mg , or ~26 to 426 muu. water, Tracings show four
waves durmg the cardiae syele,  The first $s positive aud & due
to auneular systale, the second is also positive and 1 due to the '
«tosiny of the tricuspid vake, The Jast two arc negative, the finst
lewig assoctated with a fall in pressnre on the deveent of the base
of the heart during ventricular systole, and the second bemg due
fo the fall in pressure on the npening of the tecuspid aalve and
1he consequent rush of blood into the ventricle :

In right ventricular fulure the following changes oveurredd ¢
a general nise t awricular presure wiieh nay reach 20 mm. g,
(26 nim. H,0) or more ; and a larger fall than normal m aurieular
pressure during the descent of the hase of the heart aud Auring
the carly fillng phase of the ventnele.

e tricuspid incompetence the auricular pressure is higher
during ventricular systole than duning diastole owing to the
regurgitating blood  During this phase the pressures are often
Jugher than n the arm veins

\'enOU§ Pressure.  Far chimeal purposes estimation of the
venous pressure must suffice.

M}:‘mo{)s In the ongmnal method of Moritz and Tabora a needie
with a'mﬂe bore is mtroduced intp the vemn, and stenle normal
saline s run m from a graduated hurette, When the powt of
fthbnum 15 reached the pressure ean be read off on the burette,

. ’l‘l{e pressure ehanges can be recorded on a sinoked drum, and by
wing heparmn the record can be continved for forty-five minutcs
(slt;).x'[he disadv antage of this method 1s that a tather compheated
e outfitay needed  To avord this the needle may be attached

to an anecoid batometer to which the  enous pressure 13 trans-
mitted by a columin of arp (18

391‘{‘1 puncture has to be done Eutfl:‘tl:n’:g:'r]x‘:t:];:w " “l}? feant
Fcnsl(le‘x;ﬂ:n::::ldlx,ﬁ‘mu\ty has been overcome (19). A Cpec’ln]ly
in e o (ar:]) aronicter 15 used, conneeted to a small rubher |,
s nun:“compresszd by a serew elamp. A rubber tube
oo Sie mgraduatnl glass tube with a small needle
I, o © per cent sodm. ertrate solution s supplied
poules, and the contents of an ampoule are drawn into
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. -
Suannary. The cardiac output appears to be one of the basic
functions of the body which are mantained as long as possible.
With the ouset of cardine failure it may fall to 86 per cent of the
patient’s normal, but only n the presence of gross venous conges-
{ion does it drop to 60 per cent. On the other hand, m health it
inereases with nnaety, making relaxation of the patient essential
for aceurate readings. It inerenses greatly on exerowse, In certain
diseases such as severe anmia and thyrotoxicos:s the needs of
the Lody for oxygen require a hugh output to be mamtained.
An output above the normal average may be actually snsufficient
for these eases, and may indeed be found when signs of congestive
failure ave present.

Venous Pressure

At the begining of the century Starhwyg showed that. up to the
point at w hseh the heart faled. the foree of the cardrac contraction
depended upont the diastole length of the muscle fibres  ths &
deternuned by the pressure at wluch the heart s filled. These
changes n pressure have now been recorded i the night ventrele
and the right aurwle, as well as m the perspheral + enons system.

Right Ventricular Pressure. A catheter has been miroduced
into the nght ventmele through the trenspd vale, and the
pohition yenfied by vardioscopy no well s by the record of altercd
pulsations {(16)  The normal mght ventrieular systohe pressure
varies from 18 to 30 mm. Hg. The prossures at the beginmng of
distole v ary from ~7 to +2 mm. g, . attheend fromOto 4 3
mm. The pulse pressure 15 fawly constant and averages 22 mn.

In cases of primary lung disease. such as emphysema and
fibrosis without climenl signs of nght ventricular fadure, the
vemtricular systolic pressures were sometimes norsmal, but m most
cases were moderately nereased, rangmg from 31 to 57 mm.
The diastolie pressures were always normal  The ¢ entricular
systolie pressurcs were alfso bigh m all eases of primpry feft-sided
failure. vl
" In right ventrieular fasture the dinstohe fithng pressure mm&? :
as well. In one case of nutral, sarkie, and tricuspid disease with
auricular fibrdiation, the rght ventricnlar sy stolie pressure \\')a:
103 mm. Hg, or four tunes the normal, and the dinstohe and righ

anricular pressures were 29 mm. which equaly 377 mm, of water.
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position than in the “recumbent {20). .}hdmmnnl comprll‘ssm!; )
often leads to o rise n the venous pressure in cnfly. l‘mlu_rc. wi u‘rcnl
1 normal subjects it causes 8 shight fall. This is (!ue to por'ln i
congestion, and the sign of fllng of the external jugular 3 ciny
nia:' at tames be elicited before any general rise takes place. When
the venous pressure Teachies 220 mm. cnlargement of the Iner was
always found, If 1t was 250 mw , ascites and cedema were alsa
pmsn:nk The reverse was not always trne, Although the venous
pressure was always high during inereasing failire, it might become
normal shen the failure was receding, before anasarca and enlarge-
1nent of the hver lad gone (20).

CovsTrICTIVE Prricanorms.  Both the right aurieular and the
\enous pressutes were high in constrictive pericarditis, while the
right ventneular pulse pressure was 12 mm, Hg. which is one-
half of the normal (16). Spontaneous changes 1n the venous
- pressure hiad no effect upon the cardwae output, nor had vene-

section, though 1t reduced the venous pressure by 70 mm. 1,0,

The rasing of the venous pressure by 150 mm. by means of o

saline 1nfusion did not increase the output (21). The conclusion

was that the defect in constrictive pericarditis was the obstruction

to the diastohie flling of the ventricle by a scar which could not

be distended Ly raising the venous pressure.
Inacaseof p i

_ " the 1 ial pressure could
be raised by adding air. The venous pressure was 95 mm. 1,0

above the pencardial at the beginning. When the pericardial
pressure reached 143 mm, the venous pressure was 185 mm., and
this dilference of 40 mm, was maintained untl the pencardial
pressure was 265 mm. At that point the difference fell to 23 and
tamponade ensued 1 siX minutes {22).
Errects oF Vehesecmiox., The effects of veneseetion have
been studicd by right auricular eatheterization with conflicting
r?su\ts. In one series from 200 to 900 cc. were withdrawn. Th:
tight suricular pressure fell by an average of 38 mm. 11,0, but

there was no change in the cardiac output nor in the arteria]
pressure

{23). In another in which from 400 to 1500 £es, were
withdrawn, the right aurcular pressure fell Lut the L:Aul pat
tereased and the arterial pressure fell (21). It s possible nmtln

4 eleme;nt of .nm{ielyrentutd 1o these cases, During episodes ‘;
. famting with the, patient recumbent, duting \E“Bbtxt)ﬁ‘)n \\l:('
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Summary. The pressure changes in the right vcntricle, right
auricle, and peripheral veins show dc?rl_\‘ the sequence of c\'enb;
inmght ventricular failure, whether this be primary, or sccondary
to left ventricular weakness. ‘The first changes to he ol)et:n'cd, as
a result of the vaised pressure in the pulmonary cireuit, 1s an
increase 1 the ventricular systolic rossure, At this stage the
ventricular diastelic pressure, the nght aunicular and venous
pressures are normal. As the ventricle weakens, the diastolie and
filling pressure rises. and the pressure rises abo im'the sight auricle
and in the peripheral veins, s the ventnicular fadure progresses
the pressures rise more and more, but the difference hetween the
venous and the right auricular pressures heromes progressively
less. Tn health this difference is about 100 mm H0; inadvanced
Falure there may be no diterence at all, and the night auricnlar
pressure may even exceed that in the arm viin 1 certain phases

of the catdrae cycte. Thiy canses stagnation 1n the vein and
reversal of flow at tines ;3 then the pressure changes in the right
auricle are transmitted as Tubations to the yeins,

Blood Volume

Methods, The volume of the blood can be abtamed hy injectmg

intravenausly 6 co. of Trans Blue dye Samples of senous blond

are taken from twenty to ststy minutes later and the meat

dilation of the dye estimated by a photo-clectrie colornneter aftcr

the plasima protems hase heen renoved (27)  The blood solume
can then be caleulated

The blood volume varies wath the height
7 and SeX of the mdp wdual, but normal v

alues have been worked

S m heart failure can he expressed as a

pereentage deviation fy,

probably accurate o 4

possibilities of ¢rror
Another method uses

are taken from

specimens are withdrawn
artery of the ather arm

from a cannula Nserted
when equilibriym

o The fadio-activity of the Speeimens,

x "3s been gteained, compared with that of t},
) A . H e
::Sn::\‘v‘:m;et: ot injected, enabies the dilution to he caleulated,
¢ total amount of errenlating ted cells can be estimated.
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right_auricular presstre rose shghtly. The conclusion was that
the whole syndrome of syncope. including the nausea and sw eating,
was due to vagal stimulation (23), .
CrixicaL OnsErvaTions. Lewis (25) has given a full aceount
of the grades of venous engorgement in the neck and how thev
may be recognised. Normally all veins that Ie above the level of
the manubrium sterni are collapsed when the patient 15 not Iving

fat, unless the flow of the blood in them has been obstrueted. In

the supine position the root of the neck will be helow the manu-
brium level, and the external jugtdars ean be made out untid they
collapsc about one-third of the distance to the angle of the jaw.-
In order to mahe sure that the »ein 1s coltapsing and 1s not being
lost owing toits taking a deeper course, it should he obstructed
by hght pressure on it at the root of the neck. It will then fill
throughout its iength.

In venous engorgement the sweiling will be visible bevond the
muddle of the sternomastoid, or even to the jaw. If the pressure is
high, the veins will remain swollen when the head and shoulders
are raised off the bed. The neck should be freed from clothes, and
should be moved shightly from side to sude to efunmnate any pres-
sure from the decp faseia of the neck.

The masimurnu venous pulsation oceurs at the poit where the
vein is collapsing. Netther collapsed nor grossly distended vens
can pulsate. Jugular pulsabion may be distingtshed from carotid
pulsation by the absence of the sharp arterial thrust. Normal
venous pulsation aceurs at the roat of the neck when the patient
is lying flat. If the vemns are overful, pulsation may be observed sis
far up #s the Jaw. If the venous preseure 1o much increased, no

. puleation will be seen in the supme position, but it will be evident

when the patient is sitting upnght,  This 15 due to the foree of
gravity which in the erect posttion has lowered the pressure i the

Jugular vemns, so that they collapse at a point in their course
through the neek.

" The veins nnder the tongue are both easy to sce and reliable as
2 index of raised venous pressure. The tongue 1s about 200 -
above the right auricle when the patient 1s sitting upright  Sinee
the upper limit of the normal vehous pressure 1s 150 wm, they -
should be collapsed. Distended vems vunder the tongue in the
sitting bosih’on indicate considerably raised venous pressure {20).
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olue to remain in civeufation, The intial fault seems to lic

in the nability of the hidneys to excrete sodum, The \'olumc_nf ‘

the Blood jnereased when normal subjeets were given 'lt\lﬁf
quantites of salt for a week, Their venous pressures rose and <o
did therr weight (34). A group of patients who had rcrgvcrcd I’rm.n
heart fature hod 10 g. of sodwem chlorde added daily to their
diet. The heart accelerated by an average of fifty beats; the
venous pressure Tose, the time of the cirenlation was prolonged,
and the weight wereased 5 the vital capacity fell. A state of con-
gestive failure was produced. Restoration of the bauie diet cansed
some wmprovement, but Tull doses of digtahs were reguired hefore
the patients reganed their former state (35). Another series of .
patients, whose failure had been controlled by digitatis and Jow
salt diet, was given 24 g. of ~odwm chlonde mtray cvously (36),
The excretion of sodsum and chlonde in these patients was found
to be only 20 per cent of that in cases with asthma and nephrosis |
who were used as eonitrols. A merturisl diuretie led to wereased
exeretion of sodum and chloride, It has been found that the
reduction m blood flow following a decrease 1n the cardiae ontput
affected the renal blood flow more than the rest of the eireulatinn
(37} Normal subjects could excrete 1.2 per cent of the sodivm
filtered ; 1 cardiac falure 0.02 per cent was excreted. Whatever
the cause, the raised blood volume 1n heart fadure i definitely
assoniated with retention of sodium by the hidneys.

Not every case with congestive fallure and raised venmue

© we - v ouutes (43} In acute failure the raised venous

pressure may be due to spasm of the vews (10). Alterma.
tively 1t may be ecaused b

Y incomplete e of 4
ventricle (38) ! ptyang of the riaht

Summary. The volume of the blood 1s usually rased in eardiac
fadure. The increase 15 associated with an inability of the hidaey
to excrete salt. There 15 o evidence as to whethes the increast
1 the volume of the blood causes the rise I the \eltous pressure
(;‘::ls the result of 1t; hut adding salt to the diet of patients wlg
Prcs:::\:::\f&wm heatt failure ded to an incresse in venous
Pressur .IS A t;“ & return of udfma. Whether the tetention of

4 a primary deficieney of the Lideev fallow e
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When the volume of the packed red eells is known, the plasma
volume ean be obtained by means of the hematocrit, and the sum
of the two is the blood volume. The results by this method are
lower than by the dye method and are claimed to be more aceurate,
In severe anemias the blood velume can be obtuned by giving
& transfusion of known quantity and known hawmoglobin content.
"Fhere must be no loss of pinsma during the time of the test (31).
+ Up to 500 ces. of blood with a hemeglobin content of from 110
to 170 per cent are given rapidly. The hemoglobin value is esti
mated before and after transfusion, that of the transfused blood
15 known already. The blood veolume s caleulated from the
formula - '

Yolume of transfused blood {Hb of transfused
blood rnus b after transfusion)
Hb after transfusion nunus b before trans-
fusion.

Rlood Volume =

Results, Tue Nonvar Broop Voriwr vanes from 3 5 to 5
litres with the red cell method, with an average of sbout 70 cc._
per kilogram of bodyweight With the dyc method the figures are
rather higher. In heart discase without falure the biood volume
is normal  The volume was estimated mmmediately after excreise
in normal subjects and m those with heart diseasc, and was found
to be deereased mn each group (82). Both venous and srterial
pressures were rawed.  The figures had returned to normal in
twenty-five minutes  The decrease 1 the volume of the blood
was attributed to the passage of fhad into the mterstitial spaces
and to the active muscles.

Ix Coxerstive Faint s the volume of the cireulating blood 1s .
greatly mereased, to an average of 40 per cent 1n one series {29).
But the results were varable and could not be correlated with
the height of the venous pressure or of the circulation rate.

The reason for the merease i volume of the blood is not

. nltogether clear, The mse may fake place before there 15 any
change 1 venous pressure, and 15 due at first to dilution oi: tl}e -
blood by retention of fhad (3). Later more plasma pmm.u is

+ formed and the formation of red cells presumably mereases. W lx'eﬂ
. tedema cnsues, the increased pressure of the extraccllular fluid,
as well as the inereased protein in the plasma, allows a larger
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\olume to remain in circulation. The initial fault seems to lie
in the wabity of the kidneys to excrete sodium, The \'olumc.of
the blood increased when normal subjects were given large
qguantities of salt for a w eek. Their venous pressures rose and <o
did their weight (34). .\ group of patients ¥ ho had recoyercd from
heart falure had 10 g. of sodwm chloride added duily to ther
diet. The heart accclerated by an average of fifty beats; the
venous pressure rose, the time of the circulation was prolon:cd.
and the weight nereased 5 the vital eapacity fell. .\ state of con-
gestas ¢ falure was produced, Restoration of the basie dict caused
some improvement, but full doscs of digitalis were required hefore
the patieats regamed their former state (33). Another series of
patients, whose failure had been controlied by diptalis and low
salt duet, was given 24 g of sodwm chloride intray cnously (36).
The exerction of sodium and chilonide in these patients was found
to be only 30 per cent of that in cases with asthma and nephrosis
who were used as controls. A mercurial diretie led to mereased
excretion of sodwm and «hlonde. it has been found that the
reduction 1n blood flow following a decrease in the enrdiac ontput *
affected the renal blood flow more than the rest of the circulation
(87). Normal subjects could excrete 1.2 per cent of the sodium
filtered ; in cardiac failurc 0.02 per cent was excreted. Whatever
.the cause, the rased blood volumé in heart fallure is definitely
uwzc:aled with retention of sodium by the kidneys. i
Not every case with congestive failure and raised vepous
i\lr:}s‘inre .\ms an wereased blood volume, In severe anemia the
ght autieular pressure may be raised, although the blood volume

is as Yow as 2.7 litres (13). T
. . In acute farlure th
pressure may be due to s o e

© pasm of the veivs. (10 Alt -
tively 1t may be 2 i f OO e
. (35)) e caused by incomplete efnptymg of the right

Summary. s
fatlore T";lreym'::: s\ olume of the blood is usually raised in cardiac
to exerete salt, ’[‘h(a s assocated with an inability of the hidney
“In the volume -0‘ th?:,]“ :110 evidence as to whether the mereass
ar1s the result of it; hoo causes the rise in the yenous pressire
had recovered from’l ut edding salt to the diet of patients who
pressure, aswell as a r“’fr!' foflure led 1o an increase s venous
sodwm is due to eturii of adema. Whether the retention of

DA & prumany deficieney of the hidney Tollowmg a
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c .
faling cardisc outpat, or to some other factor, is not at present
clear. The recent demonstration of a dual errentation m the kidney
may throw hight on this subjeet.

Heart Volume

Interestmg work on tins subjeet fias been performed by Nilin
and fus assodintes.

Methods. "Two simultancous teleradiograms are taken ot rght
angles to each other, an accurate centening of the tubes having
heen attamed, The vohume ¢an then be caleulated from the
follow ing formuin

Volume = 35 ~ longrtudinal \ transcerse . sagttal aus,

In seventy normal subjects the volunle of the heart vaned from
188 to 970 cc., or from T to 13 ce. per kg, of body neight ; or from
250 to 500 cc. per square wetre of body sarface (59).

in panents dying of congestive fasture estumations by this
method were made shortly before death and agam after death,
The total volume of the heart was then ascertamed at sutopes by
the chsplacement method. and the amount of blood w cach
chamber was abo teasured (40} The evtinations made after death
agreed surprisinghy seft with the figires obtamed at antopsy, but
the volume estunated during hife nas sometimes muech greater;
presumably some of the blood had dramed out of the heart after
death.

Cardiac Dilatation and Meart Veolume. When there &5
ehinival enlargenent the total volume. of course, mereases s but
the pomnt » wade that @ great merease mn voliue 15 sometunes
largely due to an merease m eapaeity with an excess of blood
the chambers. In sonre eases this was enoruons  On one oceasion
1065 ve. of blood was removed from the heart at autopsy: m
anothertease the amount of blood m the heart during life was
estimated to be 1750 ce. (40). Since the eardine output w con-
gestave fasture is nnhikely to be wore than four htresa muite, t‘hxs
residunl blood m the heart would take from fifteen to twenty-five
secands to move on, and mught take Jonger, The blood flow,
therefore, must recewve 4 distsnet chieel m the dilated heart,

f
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. Clreculatory Rate

The speed of the airculation varies according to ihc. cross section
of the bed. Tt 15 fastest wn the weteries, decreasing gradually
towards the periphery. I 15 slowest an the capiltaries : in the
\eims the speed inereases s the blood nppronrhf\ \l!r lieart.
Tecet observation of the speed in the different seetions is mposs
sible m man, but many methods have been devised ruu\i-(\ln;z m
the introduction of some substance into one point of the drewla-
tion, which can be recogmsed as 1t armves at another. In nearly
all the tests the aem xcin is used for the injection of the sulntance,
which 1s recogmsed as it reaches the hrachial artery at the other
Sule, or the artenies or capillanes of the hrad, Thus the whele
of the pulmonary errculation is included with varying portions of
the systerue,  Fxceptions ate fests in which the substance i
recognsed as 1t reaches the heart or lungs, or when it is inhaledl.

Radium Enlanation, This was the fint method to be described
(41)._ A radio-active solution of <odwum chionide 15 injected into
the vein and 1ts amval bmed by stop-wateh at the other brachial
artery, whete it can be seen on a special detector. By placing the
detector over the right auncle the arm to heart hime can be
ascertained. The novmal arm to arm time varies from fifteen to
twenty seconds with an average of seventeen seconds, The arm
to heart average time i veven seconds, 1n children from two to
tuehie yeats the average atm ta arm time 1s eleven seconds 3 in
wfants 1t 18 seven seconds {42}

“‘Z};‘ ‘:“E:;“““::t ‘:o‘z‘:i‘et:me, Tequinng no co-operation l'rm~u
etaborate and cnrsll{z mul) “‘ ‘Iullcb accurate, but the apparatus is
tive methods \nc]u.d't‘ the l; :;"U\ te fm'.gmm:a\ e 0“".3. objee-
Rt e Manie ol il
the greater number betn, bct: s are ,["’m 15 ta 20 scconds,
The histamine me(hcdgre st“n 1}: a7 seconds {343).
the capillamies of the fare, ai‘d ::fe tcntl;t:;:‘tf:’c‘:; thcnan;\ \'cul\l to
it includes a larg nt being a flush, so that,
wther ters 0 ;;ir (22:“{“1\:{:::\6\ “syst‘enuc urculatxm} than any
weight 102 17 10,000 Solution 15 yurec osphate per Ll of body
B s 1njected (41). A consenient way
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e ether and amyl vitrite tests together include approvimately
e same length of the circulation ns the istanune, Allowing for
. the time taken by amyl nitrite toreach the slveoli and he absorlwd,
the combined time of 23 3 scconds agrees Seil with the teenty-
three seconds of the lustamine test. L.
Abnormal Girculatory Rates. The speed of the cireulation is
inefeased in se1 ere anxmatd, thyrotoxicoss, and to a Yess degree
emphy sema. These are the conditions in wiuth the eardine (mh.m\
is high. A small but progressive INCTease was found after the thied
month of pregnaney (51). The rate betomes dow in wyvadeqn
and polyeythemia,
> Heare Distask Wrenout Sywetovs, The rate of the cireulation
may be normal or shghtly sloned. A relation has Been ohserved
between the volume of the heart and the rate of the cireulation
50 that a prolonged fime would indieate that the heart i ddated
(52). There 1s also some evidence that the substance may be
diluted by the residual blood in very large hearts. When “labclled”
red cells were Deing used to determine ood volume, severad
minutes efapsed before equilbrum was aitained when the rate
of the exreulation was slowed, whereas it occurred in about one
munute when it was normaal (54). In patients with lasge hearts but
no symptoms, the taste with decholin may persist for a minute’or
more, although the onset is only slightly dilayed (40) suggesting
that some of the drug lingers in the licart
Caxnrac FarLure. The rate is always slow. The slowing suay
amount to sikty or more sceonds, which is about thrice the mm\\c"\
time, Much of the stowing takes place in the pulmanary vessels,
and a close velation exists bebween the speed of the eirculation and
the wital capacity (40). The atm-todheart tunes which register
"’:‘i:::;:‘s‘“ the veins, may be normal 10 cases where the left
poimarly at fault, while the artwto-otm times, which
melude the pulmonary cireulation, are conviderably 1
(#1). When the venous pressure is raised, the speed in‘the \v:‘m\

decreases,

?? the other \.\nnd. the speed of the cirenlation bore also n close
ri :) \o‘;\ to \\): size of \hv:v))eart i patients with congestive failure
E,: {}\ Mm‘\ ?ta\\\e slowing of the flow 1s the heart would account

) ; "“e ?zm;st) Prefonged tunes sometimes found, which are out
) Proportion t‘n the abnarmalities rccorded by other methods
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' CONCLUSIONS an
:

venous pressure does not keep pace with the rise in p\:::,surc in
the heart. The differcnce In pressure becomc? progressively !'c«
unti] the stage is reached where the pressute it the rig\\l nurtc\c
and in the right ventricle 1n diastole is equal to thatin t}:c veins.
Tt may even be greater, resulting in a reversal of flow (}unng parts
of the cardiac cyele, This strongly suggests that the primary cause
of the rise in venous pressure lies in the heart itself ; the increased
venous pressure maintains the onward flow of blood into the h'curt. .
The necessary increase in venous pressure can be secured either
by constriction of the veins causing a natrowing of the venous
bed, or by an wneresse in the blood volume.

Starling (56) noted constriction of the arteries with dilatation

of the arterioles and pooling of the blood in the veins. Recently
copstriction of the veins has been gostulated (10). Whether the
constriction was in the arteries or in the veins, the narrowang of

. the bed, which may possibly be effected by the adrenals, would

increase the pressure in the veins near the heart. On the ather
fand, a farger volume of blood in cireulation could be accom-
modated in the veins, and so would raise the venous pressure, This
was, 1 fact, found to be the case in normal subjects whose blood
valunie has been increased by excessive ingestion of salt. Both
factors may operate  differsnt cases, and the constriction of the

veins may be the first mechanism to be invoked, followsd Jater
by the hemo-dilution which leads {0 nerease in

he volume of the

blood. '
An taerease in the blood volutpe 15 afsp merded s f 0 o
pete- 11 ten~
*the

it sulough them,
The cardsac ocutput during thas time stems Yo Temain at nearly
normsl levels. 1t must be remembered that estimations of the-
output are only sccurate 3¢ the patient is relaxed, and relaxation
may not always be easy 10 secure with a catheter introduced into
a vemn 1 the arm, wnd a needle in the femoral artery, i
bf::d‘r}‘,m‘“ :(mtmues urttl the muscle fibres are strotched
thi h.;a,-tE: op vl.m“m length. By thus time the residual blood 1n
ol . t‘:}' we Very greal, aecounting partly for the gross
o ing of the eweulation yate, “Further dilatation of the heart
. nn;;;.:\eaker cantractions and the output fals. At thee etno.
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of iavestigation. ~Diution of the substance by the blood mn the
heast would also account for the ifficulty in obtaining 4 satisfac
tory end point m cases showing n slow rate by the histamine,
wny! nitnite, or dechohin tests. .

Summary, Many tests are now avalable wiich time the speed
of the flow of the blood over certmn portions of the eirenlation.
most of which mnclude the shole of the pulmonary crcwit, In
patients without fadure the times are erther norwmal or shghtly
yrolonged. depending upon the size of the heart. In cardiae fmlure
the speed 1 always reduced, and the tme may be grosly pro-
longed. When the venous prossure s nacpial, as 1 left ventnentar
fatlure, the slowing tokes place i the pulmonars vewsch. and a
cheek oceurs also m the heart, when the venous pressure 15 rarsed
tn right ventricular faulnre, the flow m the systenue vemns &
retarded.

Conclusions

When the heart begins to fail, three mager changes tahe place.
The eardiae output falls a httle. the venous pressure nises, the
biood volume mercases  The relatime times of onvet of these
changes are very vamable and any one mav precede the other.
The crrculation also slows, but most of the tests employed are not
sufficientiy premse to make small changes of much wigmficance.

Esperimental work with the heart-lung preparation has shown
that the first change to be obverved s a shght increase m the
systolic volume of the henrt. Onang to a dnmshed strohe ontput.
the ventricle docs not empty isedf corpletefy. The nest change s
an merease m the diastolie volwme of the ventncle, since neardy
the same amount of blood returns from the vens and has to be
accommodated m addition to the blvod that s not expelled (35).
Accordmg to Starling's law. the mereased drastolic ventricular
pressure would streteh the fibres and lead to an merease the
stroke output, of the heart was eapable of respoudmg. and the
cirenlation vould then regam efficiency  This sequence probably
occurs m heatth at the begmmng of exererse, In vardiac fulure 2
permanent inercase m the diastolie ventrieular pressure m};cs
place, at first probably dunng exercise only. later at rest. The
problem arises as Yo how ts» brought about.

Cardince catheterization has shown that the rise in the periphersf
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An increase in the respratory fate is produced when the leg
of a dog, severed from the body save for th? .scmhc nerve, is
" stumulpted to muscular activ ity. Muscular nc\wl\).' alone, there-
foré, can aceelerate the rate of breathung. Inerease in the pressure
, m the great veins near the heart, or in the right suricle, shm‘ulnlcs
the respiratory eentre, Perfusion of the lungs and distension of
+ the Tung eapillaries will stimulate respivation. In all these reﬂcxc.q
* Yhe vagus i the efferent path, for they arc abolished when it is
cut (57). The reflexes are all hinked with the general }"lst m venous
pressure which takes place at the heginning of exercise, In health
the circulation is adjusted to the needs of the body by & rise in the
cardiac output which may reach thirty or more litres per minute.
The diseased heart is unable to accomplish this increase in the
output and there is evidence that the rise in venous pressure is
. greater and more pralonged in patients with heart disease than in
* normal subjects It may be associated with the inaluhity of the
heart to empty uself completely. - .
Increase in respirntory activity may be caused by changes in
the hydrogen fon concentration in the blood towards aadity, by
. diminished oxygen saturation in the arterial blood, and by an
inerease of carbon dioxide saturation at the respiratory ecntre,
. In uncomplicated eardiac falure these remain normal untit near
the end, and the increase in respiration appears to be due solely to

the rarsed pressure 1 the systemuc vems and in the pulm’mmry
circulation,

DrwintsuED Vitaz Carserry. The vital capacity is the mmumz\ll
amount of air that can be expelled from the lungs after the maximal
inspuation. The air 15 ¢xhaled into a spirometer and the figure 13
read on a graduated scale. The result must be standardised nzainst
the s olume which 15 normal for the body surface of the indu tdual,
‘This may be dore by using the linear formula of Du Bois and the
result multiphed by 2,500, or more simply, by taking t\\"cnty-ﬁvc
times the height m centimetres in men, and twenty
women as the factor.

The vital capaesty varies wath physical fitness and increases
tﬁ'\lh practice. The normal average 1n males 1 4600 cc. {59), It
}:GS:reasc:]l in n\msuty"pqux\ny disease, thyrovovicosis, .and
e \,e&';c; .atory nsthmm: In cardiac failyre it may fall a5 low

times in
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Congestion of Pulmonary Veins
i heart favlure due to hypertension.



324 FAILURE OF THE UEART

The figure representing the vitad capacity gives mathematical
expression to the fact that in congestive fuilure the patient is
unable to take a deep breath. Dyspnces, in fact, varies inveisely
as the vital capacity and directly ns the degree of ventilation.
We must now consider why this is so.

Pranoxary Congrstrox. It is rensonably certain that the
pressure in the pubnonary veins rises w eases of left ventricular
failure or of nutral stenosis. The systohe pressure in the right
veninele and pulmonary artery increased from the normal 30
mm. Hg. to 70 mm. in left ventncvlar failure, and rose to
10t mm, in a case of putral stenosis {16), The circulation rate in
the lungs 15 slowed, and, though some of the slowing is rejated to
the amount of residual blood in the Leart, much takes place in
the pulmonary eireuit and indicates stasis in the vessels, Engorge-
ment of the pulmonery vessels ean be seen m the enlargement of
the shindows of the hung roots m skiagrams of patients with Jeft
ventricular Tajlure (Plate 26). Engorgement of the pul d
cireylation stunulates respiration.  Congested vessely fmpair the
elasticaty of the lungs. so that there 15 a lack of distensibality, At
the end of exprration the pressure in the pleura) sac may be
poaitive; as a result of ths, mspiration will require snore effort
to overcame it. The end of the story 1s to be seen in the
“brown mduration” found nt autopsy. The Jungs are stiff, hard.
melastic. and sections show turgd capilanes 1n thickened alveolar
walls.

Summary. Coardue dyspaces 1 due to the combination of
two factors, & vall for wereased yentilation, and the mabity o
breathe deeply in response. The first 15 due to reflexes ansing s
the result of the icrease m venous pressure on exertion: the
second 1o changes 1 the pulmonary airculation. As heart fadure
advances, the vengus pressure becomes permanently rassed. the
pulmonary changes progress, and the patient becomes orthopneic

Orthopnaea. In the later stages of eardinc faldure the patient
is short of breath cven at rest, and cannot be flat in bed. The
number of piflow s required at mght s a rough, but usefil, gde of
the degree of orthopneea present. A recent increase in the number
shows progressite cardiac failure. Finaily, the patient may have
Yo ean forward supporting his head on a bed rest, or spend his

might in a chair.
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The ease obtained on sitting up is due, first, to the fall in the
wenous pressure, which is on the average cighty mm, “10'1““ erin
thesitting position {20), since mereased \ enous pressure stimmlates
the respiratory eentre reflexty, The eardiae output alo falls by
shout a litre  Secondly, the vital capacity 1s sncreased, for the
upright position is the best for making use of the accessory muscles
of respiration, The spine pust be straightened in order to increase
the caparity of the chest. Thirdly, the effect of upward pressure
on the diaphragm by an enlarged liver is reduced to a mimmum,

AXTE Parasyswar Carpiac Dyseses.  We have seen fiow
Frogressive hability to dyspneca on exertion marks the downward
Progress of the patient with heart disease. In the more severe
#rades of disability, patticularly 1f the eardiac efficieney -has
deteriorated rapidly, whether the scute phase of failare has been
precipitated by n sudden excessive demand such as oy er-exertion,
o, sometimes, by a sudden myocardial weakness such as infare-
tion, the emergency is marked by an ncute paroxysm of dypsnoea.
Oceasionally this happens in mitral stenosis during pregnaney.

he underlying cause is the devel 7 of seyere eng
of the pulmonary eweulation.  Thus engorgement arises most
mmonly of all in the rccumbent posture, and these are the
attacks which néeur during sleep. But they may he precipitated
by undue exertyon during the day.

ABbut Tias loft us 2 graphic account of a scvere nttack : “The
{mhmt, sered and theottled before he could ery out, sprang up
c'r“:‘l‘“:“ ‘!‘T?:Ue with death. The desperate conflict made the fell
w i“.h:d':lusﬁt visble to us, No“'(his way, now that, springing
o, bt : ﬁht from the (:dgc of it, to sink baek 1n utter exhaus.
f!nn‘\ o (’]’) to rise again panting, with the sweat streamuing
2 dlslns;}":":em;dy to Tenew the battle, the scene was almost

Nooron o t(xe bystanders as to the victim.”

. AL Dyseaces,
tion, due to faiture of ghe 1
tension or aqpy,,
of the left yer,
dyspneea, Ty,

Patients with much pulmonary conges.
eft ventricle under the burden of hyper.
c Yﬂl\ulnr disease, or with severe 1sch ene lesions
iricle, are lable to suffer from acute nocturngl
The patrent i;:‘l::::\s usally oceur in the middle of the night.
Tecling of g ned aftef an hour or two of sound sleep by
Panting for bl’caﬂ’:' ?;ﬂocaimn, which causes um to spring up

. - A may sit up in bed or et out to o ta
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Acute Pulmonary (Edema in Hy pertension.
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a reflex, and certainly overloads the ventricle. Stimulationof the
cardiac end of the cut vagus caused bradycardia, and produced
oedema. OF the drugs that were tested, adrenalin prod ueed cedema;

-but hypnotics, such as morphia and chloral prevented it

Acute pulmonary aedema is a very hazardous state; unless the
congestion abates the patient may drown in the adema. .

" Ztiology. The dominating cause in the nocturnal attacks
seems to be postural ; the patient slips doswn 11 bed during sleep.
In the recumbent posture the venous fillmg pressute is higher
and the output greater. Breathing is less easy. Difficulties then
arise during sleep which reach a degree of acute embarrassment
and the patient awakes with a start and the attack begins, Excit.
ing causes, o “triggers,” may be a paroxysm of coughing, dreams,
abdominal distension, discomfort of the urinary bladder, Too
much actwity during the preceding day may play a part.

Some patients cannot lie on the left side or on the back without
dyspncea or angina. Sometimes lying on the right side brings on
the dyspncea. Attacks can be stopped by turning over in bed.
This form of postural dyspncea has been termed trepopnaa. They

|8 probably commoner than one might suppose (60).

Surre Stants. These attacks oecur as the patient drops oft to
sleep  They are d with Cheyne-Stok pirati
.“Respi‘raﬁon rare and large, with long intervals, afterwards
:efon‘;ngg s!mrt." .(Hlppocmt.&s.). ‘The period of apnora is fnl‘lowcd

‘ T)lnssuC‘ en ‘“‘;"‘“‘“W;Ll)' defp mSmehon:'\-hich awakes the pitient.

Tt pm‘;abl Ca g t.ends to s sleep deepens,
y due to uneven stimulation of the respiratory centre,

:1‘"611 later befomes moressteady as the tension of the CO; in the
Teep thor tog es and observed that before.they went to
oep they had & tendency to Cheyne-Stokes breathing, and in
“e \;: tno cases the attacks came on at the end of apaca.”

(Mackenzie) These attacks are easly controlled by an intra.

musdular mjection of cardophy!
phylin (0.48 gm.) which aboli
Ch;)me~5tokes Tespiration for a time (Glg) )i abahes the
o b:l:‘::‘:loik’:\s\l. In some cases there is the added complication
of bronct ospasm. - It seems desirable to restrict the term “Cardiae
_asthma” to these. itherto this name has been uted more of
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window for more air I he 15 observed during the hetght of the
attach. he will be ceen to be pale, anvions, with a cold perspiration,
and to have a kaboured respiration, Inspiration 15 grunting and
shory, expiration 1s prolonged.  Cranous will be present if the
attack v severe. The pulse » rapid. Both the sastohe and the
drastohe blood pressures will be found to be rased . somectimes
they are very considerably ahove the usuat Tevels for the patient.
The pulmonan seeund sound s loud  The attack mav be cver m
a few munutes, but, of severe, st may perast for an four At the
end of a short attach a hittle thick mneus, sometines bload-stamed,
1 eoughed np A4 the end of a Jong attack the langs may became
adetmatons, and the condifion may pass mto that of acute
pulmonary wdoma Othervase, nothing more that a few must
rales waill be heard on ausenitation st the bases  The upper Jabes
may be by per-resonant,

If the fwlure progrewses and the engorsement smereases the
dithenity m breathing wall be rompheated by the devdoprient of
adema

Ao Prosonay (Bmua The aodoma begans ar the fung
bases and spreads upwards The patient s csanosed , the breath-
g s labnured  Fine rasthng erepitations are andible sver the
parts of the lung affected The blood prossure » high Inowevere
attacks the patient ther hecomer more rentless and (v anosed.
and o cough begns, diy ot fust, later accompand byoa profuse
watery, phash, frothy expectoration AL thas stage the chestos
full of huhldug rales, and the pbse v rgad and teeble Shiagrams
show a geveral back of tramdutenacy over the Jung tields, whih
appear quite dark on sreenmy {(Plate 27 Pudmonary adema
has been brought on by tos raped transtusion or by ~ahme shfuson
(63)  The vital capanty fll the Jung fuldy Broasme Tos trans
Tucent, the v ascular shadows beeame sfuser The heat i reased
m size, and patients felt comtyetion w the chest

E_\perxmt'nml work haw sugge st d that sutlenes orpmating m the
carotid swus sas engender acute adema of the s Hertusion
of blood mto the carotid arters causcd padmonary adoa
90 per cent of dogs, but an cprad volume when g mfo avam
did so only 1 B0 per eent (075 Saduxc ded not hase the same
effect. Blood-letting during the npuson presontad the adema,

as also did denervation of the varotid vy betore the snfuston.
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is probably quic}lest and most effective of all.  Cardophylin

(0.28 gramme), given intravenously, is particularly valuable when
there 13 bronchospasm, It is obviously safer than 'mlrcnnvlm‘ for
these patients arc often hypertensive. Veneseetion is particulatly
useful when there is acute pulmonary wdema. In normal subjects
the vital eaparity increases after senesection {66). It 9“’““‘"“‘
volume of Blaod in the lungs was reduced as a result; possibly
the pulmonary aireulation may aet as a reservoir for blood whick
may contract in certain cireumstances.

Tntravenous digowin may also find & place. Both this and
cardophybn reduce venous pressure, and there may be other
effects on the myoeardmum and eoronary cireulation

Procyosis  “Practically every ease that L have seen when the
patient woke up in the middle of the night suflering from great
distress in breathing has died within a couple of y ears of its onset.”
(Mackenzie.) )

'gxveex Deer, When a normal peesan uses his muscles, the
glycogen m them is changed to lactic acid.  Tour-fifths of this
lactic amd is normally resynthesised mto glycogen, The remainder
is ouidised to €O, and water. Most of tlns oxidation process goes
on after the exercise, the acid being “bulfered” by the tissues;
bence the need for more oxygen after exertion. The extra
amount requred is spoken of as the “oxygen debt” which has
to be pmd to the tissues to enable the surplus lactic acid to
be oxidised,

The oxygen consumption per minute through the lungs van be
measured by a Benedict sp and expressed nsa | 1
deviation of the Basal Metabolic Rate, Tests were don¢ after
exertion in normal subyects and in patients with eardine, pulmon-
ary, and cardto-pul: y disease, classified 1 groups ding
to the seventy of their condition Although wide variations
oceurred, the B.MIL. progressively mnereased through the groups,
The werease was roughly paraliel to the fall in the vital capaeity,
It is suggested that a BMLR of +20 per cent after exercise shonld
be regarded as the Yimt of the normal, In patients with cardio- °
Pulmonsry disease the figute may rise above +70 per cent (38).
Thuis Yarge inerease 15 due to the low oxygen saturation of the

artenal lood i these particular eases, which way fall as low ay -
35 per cent (69). f







the renal blood flow whs only, a ifth of the n\‘cm[,lv,lt‘ .nm'u\‘s}, <0
that the blood in these circumstances seemed to be diverted from
the kadneys. On the other hand normal subjeets who l‘“c an "X:'T“
of salt gamed weight but thelr venous pressures ‘.""";”9 {f _)-
* The same effccts were noted when digitalls was withdeaw no
cases of rheumatic heart discase and awriculsr ﬁ(znﬂn‘tm“ (2.
16 would seem tht the retention of soltisduetan dlmm\s‘.lﬂl flow
of Hood through the kidoeys, but that the consequent incresse
in the volume of the blood leads to a nise in the venous pressure
 which ifsell can cause cedemna, i ,
Domxisen Prasya ProTems, In pephrosis and nutntional
wdema the cause hes in & fall in the colloid osmotic pressure
through loss of the plasma prateins, In cardiac cedema the plasma
proteins are sometimes reduced dnd the reduction in albumen may
reach 25 per cent (73), thus aiding in the development of cedema.
The protetn content of eedema fluid varies from 0.1 to 0.5 per
* cent {T1). This comparatively low figurc docs not favour the iden
that weseased capillary permeability causes edema (74). How®
ever, after clinical cedema has gone, the avernge extra-cellular
¢ flud volume may still be 50 per cent above the nornal (38). This
is probably because some of the plasma proteins leak out and are
removed slgwly, thus hindering re-absorption of water {75).
The presence of cedema Interferes with the nutrition of all the
tissues juvalved. Studies with the plethysmogeaph show that in”
* unilateral cwdems the blood flow s greater on the adematous
« " side, In bifateral cedema without heart disease the flow js faster’
than normal, in cardiac cedema 1t was stll within the normal
range (76). The oxygen content of the blood in the femoral vein,
v\hfn gross adema is present, may be higher than normal 7).
This 15 beeause the oxdema fluid acts as a barner to the dilfusion
of otygen. Dimimished oxygen tension 1n the tissues then results,
Tt is certam that the presence of gross adema is bad “Yor the
mdiwidual  smproversent is almost always obvious when it has
1;'(‘::\‘[ j-aatl od of  Front the point of view of therapy all efforts
ways be made to remove adema,
‘hfax:z{:in‘o\ns.o‘(‘l‘@;ra 15 flue 10 a fall in the dilference hetween
AN :le‘ : ©id Gsmotic pressure of the plasma,
capillanies, and the le

which heeps
venous end of the capillary. Should th

vel of the pressure at the
¢ Venous capdliary pressure
.
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that matters Tlence cyanosis cannot ceeut in sen Src-(mwlma '\\'l(.ll
hemoglobin values below 30 per cent, whereas it is the rule in
Ve A,
]‘OTC):;:‘“I:S is seen best in those parts which are exposed to the
weather such as the lips, cheeks, ears, and hands, since 'thc sub-
papillary venous plexuses are most h'\gltly d.evelo]\fd in thiem.
. The value of cyanosis as an index of cardiac disease is limited by
the fact thiat 1t occurs both in health, and in diseases of other
systems, Cold dinunishes the rate of flow through the eapillaries

beeause the arterioles are constncted. But the capillari¢s are
T B e e - . . -

Bload

wy o fonr
conditions,

PuLnovary Disease. When pulmonary discase aftects the
“ Tieart the osygen saturation in the arterial blood may fali from the
normal 95 per cent as Jow as 35 per cent, (62) since the pulmonary
dusease interferes with the oxygenation of the blood. There i
alsa often polyeythamia Cyanosis in these cases may be deep.
Mrrar Stenosts  Pulmonary congestion, with a slowing of the
blood flow, 15 due to the obstruction to the exit of the blood from
-the Jungs. Cyanosis may occur early, before the onset of failurc.
Carptac FAruge. Rased venons pressure results in a slowing
of the flow back from the penphery to the heart. Pulmonsry
jon due to ad: d left i failure interferes with
the oxygenationof the blood. Cyanoss is masked locally by the
presence of much eedema. )
Concearrar Heawr Disease.  In some types of congenital
Teart disease, notably'in the Tetrad of Fallot, a mixing of venous
and artenal Blood takes plare. In others when there is a defect
of the auncular or ventncwlar septum, a venous arterial shunt
will occur when the pressure i the might sentricle exeeeds that
i the left.  Clubbing of the fingers and toes 15 assoctated with
Cyanoss in congenital heart disease (p. 38), .

Heratic ExcoreeMENT. The hiver is a convenient reservoir for
blood that cannot be sent on fast enough by the right side of the
heart. The nutmeg lver of chrome venous
atrophy at the centre of the lobule,

periphery, is fanuliar to all, Althe

engorgentent, with
and fatty degeneration at the
ugh a slight exeess of bilirubin
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reach within 2 mm. g of the osmotic ptcs'snrc, or exceed it, fluid
will pass out into the subcutaneous spaces. The usual ehange is a
rise in the eapulary pressure, though occasionally there is a slight
fall in the osmotic pressure: but a high osmotic pressure may
prevent eedera even when the venous pressure is high, Normally
the raised venous pressure is associated with an increase in the
blood volume, though cases hnve bLeen recorded in anenia where
the blood volume was low (13). In these latter cases the plasma
proteins may have been Jow, and so helped to eause cedema.
Pleural Effusion. Hydrathorax is common in cardiac failure,
although cardioscopy is often required to deteet it. 1t was present
in 38 per cent of one series of 850 cases (78). When the rhythm
was normal the meidence on the two sides was about equal, but
when the auncles were fibrillating 1t was four times more frequent
on the right side than on the left. Interlobar effusions were found
in 3 per cent and were also usually on the nght side, The great
majority of effusions secondary to carciac fmlure are compara-
tively small, and st 1s seldom that they require to be aspirated.
They oceur as a complieation of pulmonary eongestion in left
ventrieular failure, or 1 mmtral stenosis. It 1s possible that the
tugh incidence of nght-sided effusions m patients who are fibriliat-
ing are due to the association with miteal stenosss, and that the
right auricle presses on the right lung root (78).-
The effects of aspreation of pleura) eflusions of dufferent types
tave been studied (79). The venaus pressure felleven thoughithad
previously been normal. There was a <mall merease m the vital
capacity, but no change in the cardiac output nor an the circulation
time. Itis well known that the effusion causcs the lung to collapse:
after removal the diaphragm rises, and the vital enpacity does not
return to normal for some time until the lung has re-evpanded.
In cardinc failure, however, a pleural effusion of any size should be
removed early, as elmieal expertence shows that it is a sexious
embarrassment to a fathng heart and to the respiration.
Cyanosis. Cyanosts 1s due to the amount 'o[ r('dllct:d
heemoglabin in the blood. The vewns usually contain about si¥
* volumes per 160 ce, If the percentage in the capllanies reaches

6.7 volumes per 100 ¢c. they will have a cyanotic co!our. hkf
venous blood, The percentage of reduction of heemoglobin is
Smimnortant s it is the absolute amount of reduced hamoglobin
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i+ <+ ~ meamnture rontraction causes alternation to appeat
paroxysmal tachyconhia
+ graphile tracings of the
r;ci:c;ﬂhp\;Be (Fig.78), Itmay be deteeted by the sphygmanonictes
casily if the pressare in the bag is allowed to fall
‘eat first comes through.

u

slowly as the

Recerds of the apex beat do not always

agree with the pulse. Sometimes there 19 no nlm:nn.tion over l:w
apex; in other cases the stronger apex thrust coineides with l‘u-

* weaker pulse beat. ' Oceasionally alternation in the voltage of the
R waves can be seen, 1n the electrocardiogram (Fig. 79)

Fi6 19,
Alternation 1 voltage of R and T wases R

Alternation of the heart heat accurs firstly when an apparently
healthy muscle 15 greatly overburdened, as m paroxysmal tacky-
cardia, or flutter, Secondly, when thewrate 1s not fast but the
heart musele is much diseased. 1t 15 most commonly seen in
patients with high blood pressure when the myocardium is begin-
ning to fail. It is also met with 1n old people, in whom there s
discase of the coronary artenes, angina peetoris or cardiac nsthing.
Its presence would appear to indicate exhaustion of the muscle,

Nafunr oF ALrervatio¥. Inalternation all the fibred of the heart

do not contract at each systole The fibres which fail to contract
may be diffused throughout the muscle,

or more may fail in ane
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in the blood is commen after prolonged venous congestion {80)

frank jaundiee s rare. Jaundiee iv congestive failure is asually
" due to the absorption by the hver of pigment from infarcts in the
tungs, which may be peoted, or to they of earrhosis.

Revax Cravees, The part played by the kidneys in the produe.
tion of the inereased volume of the blood nnd of wdema has
slready been discussed. Tt may be that they are espeeially sensitive
to any reduction m the cardwe output. In hypertension the
kidneys nre affected by the artenolar constniction probably in
greater measure than the other internal organs, and the arterio-
selerotic kidney with oblitershion of many plomeruli results.
When venous congestion supervenes, this may lead to a renal
breakdown with raised blood urea, and the patient may die in
urrema. In other types of heart diserse the albuminura of cardine
failure clears up as the cirenlation improves, The urine is con-
centrated, decp in colour, with high specific granity.

Left Ventricular Faifure

In lesions such as hypertension and aortic valvular disease the
stram affects primandy the feft ventricle. The inmdence of coronsry’
sclerosis, too, falls particularly upon the left ventricle, In these
conditions left veutricular weakness develops first. The result is
pulmonary congestion due to the inerensed pulmonary pressuréy
and a slowmng of the blood flow m the pulmonary eircwst, This
shows itself chumeally by congestion at the fung bases and engorges
fment of the fung roots scen on cardicseopy, and by a general lack
of translucency (see Plate 26) Tlhere may atso be small callechons
< of-fluid 1n exther pleural cavity. At thus stage the pulmonary
second sound will be aceentuated  The patient will have orthop-
neer, and may expenence attacks of acute paroaysmsl eardwe
dyspnees, with perhaps bronchospasm or of pulmonary wdemn. In

addrtion there are two speedfic syns that should be sought,
Pulsus Alternans. A weak beat alternutes with a stronge?
The spacing 1s usually regnlar. Occanonaily th -~ wal precedung

the wenk beat 18 longer the-* 7 s the nesker
T pontrentt 7 .3~ Prematurc

ooh - secnstl Deats may give s supcrﬁcial
rese ..o o true alternabion, Here, hovever, the longsr wntenial
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Alternation of the pnlse followsng a Lout of z‘{ﬂs)stok\
P A =palsus alternans

Sometumes a premature contraction causes alternation to appeat
for a few beats. Alternation may appear in paroxysmal Anchyeardia
orin fiutter, Alternation is well shown by graphic tracings of the
radial pulse (Fig, 78). It may be detected by the sphygmanometer
easily 1f the pressure in the bag s alowed Yo fall slowly ™ the
teat ficst comes through. Records of the apex beat do not always
agree with the pulse. Sometimes there 1s 1o alternation over the ©
apex; in other cases the stronger npex thrust coincides with the

" weaker pulse beat. Occasionally alternation in the voltage of the
R waves can be seen, in the electrocardiogram (Ig. 79).

e
¥is 79
Alternation 1n voltage of R and T waves

Alternation of the heart beat occurs firstly when an apparently
healthy musele 15 greatly overburdened, as in paroxysmal tachy-
cardiz, or flutter. Secondly, when theerate 15 nut.fnst tut \\.m
heart muscle is much diseased. It 15 most commonly seen in
patients “"A!h Ingh blood pressure when the myocardum is begn-
ning to fail. It s aldo met with in old people, in whom \hcrgc i

disease of the coronary arterics, angina pectoris or cardiac asthy ¥
Tts presence would appear to indicate exhaustion of the muscl:‘ -

dol\ :;u::nt: .\:r::uﬂ;mv. Inalternationall the fibires o€ the heant
act at each systole, The fib ich fail ntract
may be dfused throughout the m\lsdl o o aLontract

¢, or more may fail in one
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part of the musele than in another, Tewis (81) suggested tha
when the rate of thé heart is high, the refractory period of some
fibres may last Jonger than diastole, so that they are not ready
to respond to every beat, Alternation at a slower rate occurs is
diseased hearts, and it is possible that here, too, a gross prolonga
tion of the refractory period takes place mn some fibres, so that
they cannot respond to cvery beat. Alternation is o sign of the
gravest import: few patients live Jong in whom this serious
indication of defective contractility persists,

Gullop Rhythm. Gallop rhythm denotes the presence of a
third heart sound. This sotind 15 usually presystolic in time, and
is relnted to the succecding first sound. It is low in pitch, dull,
and may vary a good deal in intensmty. It is best heard either
just internal to the apex beat or to the left of the xiphisternum
when it is right ventricular mn origm.  The apex beat is redupl-
cated, This double beat, often assumimng a wavy character, is best
feit with the flat of the hand apphed to the chest. Tt is often
clearly visible i & thin patient. The additional or weaker thrust
precedes the true systolie thrust, and is synchronous with the gallop
sound. In cases of hypertension the sounds of the heart may be
described by wnting 312; or 315 when the first sound has
become weak, or sometimes, when there 1s no hypertension, the
sounds are equal in Joudness, 312 The positien of the sound in
the heart eyele )s usually presystohe, but its relation to the preced-
ing second sound may vary with the Jength of dsstole, which
depends on the rate of the heart. Tlns varation in the position of
the sound has given risc to the terms “protoduastolic” and “meso-
diastolic™ to describe jt. Gallop rhythm is usually associated with
some tachyeardia, but mav be found with a rate of eighty 2
minute; m thesc cases there 1s often a synchronous ventricular
contraction due to bundle branch block.

Causation. Sound tracings tahen simultaneously with clectro-
cardiograis show that the gallop sound occurs at the same hme
as the I wave of aurtcular systole (82). When the Joft ventnicle
is weakened and dilated, the blood entering it sets up vibrations
in its wall that can be seen, felt and heard. Probably s Iack of
tonus of the myocardium is the undertying defect. When gunealar
Rbrillation is preseat, gallop rhythm is not found. VWhen a beat
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Chnieal Significance. (Ilnﬂoy rhythm oceurs most cnmm&zuly in
hypertension, 1t is met with also after coronaty “Wfl“'“"'“' in
aortie i p in acute myocarditis as in dif s
arteriosclerotic heart disease without hypertension and in severe

,anemma. 1t is heard slso over the nght ventnele in pulmoriary
1nfaretion and emphysema. It betokens ventricular failure. Often

* 1t 15 heard for a short time only, disappearing 15 the failure recedes
with treatment. A persistant gallop is of serious fmport and hasa
bad prognosis, :

DirrerESTIAL Diacrosts. Gallop rthythm must be distinguished
from other addrtional heart sounds, most of which are of no
wuportance. N N

The Normal Third Heart Sound. A third heart sound can often
be heard in young people when they are examined in the reclining
or, left lateral position, especially if the heart rate is raised from
anxiety. The sound is best beard internal to the apex: it is light

,,_and sharp in character, and of higher pitch than the gallop sound,

Tt is due to the distension of the relaved ventricle dunng $he

phase of rapid inflow of blood from the auricle (83). It is never

found 10 subjects who are over forty years of age. It follows

the second sound by about .19 second {81). It is met most
frequently in those with verticalhearts and, in them, the puimonary
are is usually promunent.

“Auricular Systale, Tn heart block with a prolonged P-R interval,
the auricular component of the first sound may be separated from
1t and may become audible. ,

“\"'sphn'mg" of the first sound may be heard in healthy people,
This is composed of a dull element, which wmay be aurieular and
a sharp sound which follows. Tt has no significance.

Bundle Branch Block, Here o true splitting of the first sound
may oceur from the asyrchronous contraction of the ventricles. -
The association is inconstant. In other
may be present,

cases a true gallop sound

nt, or else the P-R interval may be prolonged,

) Redupheation of the seeand sound a% the basc is due to the

':sy"ln;}min;us closure of the pulmonary and aortic valves, 18
sually indicates increased pulmonary pr i ’ :

heard mast aften 1 mityal stenosis,  pressure and s ihgrEfort

‘
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e, A5 1o comes e, the acule distress of an overfilled pulmonaty
creutation is often tehieved and dyspran i lews sesere, The
well-known clinical paradox presents 1sdlf, in hich the pahent
feeds hetter hut is actually worse.

330

Precipitating Factors .

“Cardise falure has usually a grodual onset with mercasing
dyspucea on effort leading to orthopnara ot to adema of the ankles.
Tn hypertension, nocturnal dyspneea, with perhaps an attack of
acute pulmonary «cdema, may betray the presence of advaneed
pulmonary congestion with hydrothorax. Some attatks of pul.
monary adema are assoctated with over-exertion on the previeus
day, but in many no precipitating factor ean be found, In younger
patients mith nutral stenosis the advent of auricular fibrilation
may lead promptly to heart failure, and the same may occur m
older people without valvular disease. In elderly people an attack
of bronelifis may precipitate fallore, The interference with
oxygenation in the lungs imposes more work on the heart, and the
accompanying sodium retention m:\ny lead to an increase m the
lood volume .

Jt1s difficult to estimate the effects of over-exertion. Sudden
(death, presumably from sentrieular fibrillation, may follow a
sudden effort such as ronming for a hus. The witial phase of the -
submtimal hxemorrhage leading to a coronary oeclusion may be

cansed by unusual exertion. But in the mun, eardiac patients
have ther exertions mited by dyspnea, nod are therehy safe-
guarded from thus imtiating heart fadure, : !

Rbytbm in Cardiac Foilnre. In most enses, w

, where falare is
gradual and prolonged, auricular fibrllation js nrmcars V- -
Do -

v oy prss A large proportion of cases of hy pectensi on
des elop fallure with normal rhy the, pertemion
The advent of fibrllation or flutter i
r flutter in any chamber' mark
eLud of 1t 83 an effretive contractrde orpan Ve o [t_mrl\s the
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for a long tiue smee the ventricles contmue therr co-ordmnate
coretraction.

Commonly. the auncles give way before the ventrcles, and
aurteular fbrdlation 1v usually found m the ternunal stages. This
will apply to most furius of generahsed heart disease  When
the anncle bears the brunt of the wechamcat stram as i muiral
stenas, fiboflation wilt appear carty

If the stress s evhra-cardiae either w the sstemie or w the
pultnonary esreulation and the boart musele s healths ) there will
be no reason why the auncies sbould fibpiflate, and the rhy i
will often semam nosmal, The ventneles alw require more blood
than the auncles, and 1f the coronary arteries are diseased, they
may @ve way befme the aurcks have riached the stage of
fibnilutionn These causes account los most of Ui cases where
nortual eby th poesists i carduae fahire
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CHAPTER XI
TREATMENT OF CARDIAC FAILURE

The treatment of cardinc falure with congestion and cedema
comprises rest i bed with suitable hypuotics to procure skeep
the wse of digitalisy the promotion of dwresis by mereutial or
xanthine compounds: and dietetic measures, In special erecum-
stanees senesection may be required  Othey therapeutic agents
include oxygen, adrenalin and vitamin B and €. Fonally, in
the stage of sehabilitation, massage and graduated excrcise mre
usefil. .

The Digitalis Group

Digtahs is the supreme eardiae stumulant, For 1t and its allies,
strophanthus and squill. there 15 no substitute.

Prerararons. The active principles of digitals are obtamed
from the leaves of two varicties of foxglor e, digitabs purpures and
cugitalis lauata. “Digaalis Foha s avardable as “digitalis pul-
verata” B.P. {the dred and powdered leaf of purpurea). The
lanata vanety 1s three or four tunes as potent as purpurea, and
from 1t are extracted the pure gly coudes. Preparations of the leaf
and the tincture vary considerably m stiength, depending on the
place from whieh the crop was gathered, and, m the case of the
fsmeture, the age of the preparation.  The preparation s stand-
ardhzed by fnding the Jethal dose far a frog or a cat from any
given sample. More recently pure iveondes hase been used for
obtaming a rapid cffect cither by the mmtravenous or ora) route.
These are of known poteney and are copstant,

Duygtalis lanata contamns three gheosides: Lanatoside 3, B,
and €. Lanatoside A gves dyntoxa, from whieh the Natvelle
product of digstaline i« made, and 2 monosaccharide.  Lanatoside
B gives gitoxin, Lanatostde C, the complete glycoside, :yvmnr‘!.orrd
under the nawe of Ceditanid  On hydrolysis thus gives Digorin and

ghucose snd acetic aud.
+ -
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Strophanthus is too inconstant in actisity to \m wseful 5 ‘\;ulrh\ o
glycosides of strophantbiin ore m ue. A erystalline L'.l)'l‘(’s(‘)‘ c ‘"f"‘
strophanthus gratus is marheted under She name of Quabain,
Strophanthin K is an amorphous glyeoside from strophianthin
Kombé, R .

';S'quill has an action Iike digitalis but is Yess potent. Qm: prain
15 included 1n the well-known Guy’s pill, ¥rom the glyconsides of
sqpull, serllonsn A and B, 1 prepared Urgintn. .

. Action of Digitalis. In 1785 Withering published his aceonnt

of “the use of the Foxglove” in which he says that it has “a
power over the motion of the heart Yo a degree yet unobsen e

in any other medhone.”  Since that time much work has been

done, arid ruch written, but the manner i wlinch digitahs ncts is

still uncertain,

Mackenzie thought the beneficial dction of digitalis was largely
confined to the slowing and steadying of the pulse 1n auricular,
fibnllation  Cushny considered that the slowing of the rate was
affected partly through the vagus and partly by a direct netion
on the musele. In addition the strength of contraction was
increased by digitalis, and the tendency to spontaneous beats by
=uniele and ventnele was enhanced,

The output of 2 normal heart 13 decreased by digitalis and the
heart diminishes 1n size. The results i congestive eardiae failure
are confhicting, but 1n many cases the output increases while the
size ciminshes  The venous pressure Talls {1)

Theproblemhas recently been studied afresh by means of r:m\iuc’
cathetenization, following the admi L

nistration of 1.5 mup. digoxin
intravenously (2) A esber 0ot .

wastheonly constar -
the output fell, sime .

The output also f .,

tolue dgoxan was given to patients
with diseases requinng a hugh output such as anemna or empha-
sema, and this apphed whether the mnitial Yenous pressure was
raised or not.  In uncomplicated cardiac fallure with venous
congestion, the fall in venous pressure was ateompanied by a rise
n the output. The same effect on the output was ohtmped by
“enesection, or by oecludmy the venous return from the 1oy I)-'
mweans of infiated culls on the thighs. = Apart from u.eg,s -

transitory effect of vencscetion, the only difference noted was TI‘E:D!
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after large veneseetions the arteral pressure fell slightly, whilst
after digitahs it was unaitered or raised. The effect was the same
whether the aurieles were fibrllating or not. In patients with
fibrillation the ventriculnr rate fell as ts usual. but when the
slowing had been abolished by atropine, the cardiac output jn
some cases inerensed still further. The canclusion was that though
there was overwhelming evidence of an action by digitals upon
the veins, hittle evdence could he addnecd by that method of
any sction upon the heart muscle  Apart from a small difference
i arterial pressure and m the
tune factor. the effects of
higttahis and of yvencsection
were the same,  Nevertheless,
st would be premature to
jettison Cushuv's work
altogether, aud abandon what
s to most a strong knpression
of impron ed effierency, Chueal
expenience folows Cushuy and
<ugests that a stronger beat
results

Dicis asss ANp e METa-
roLIsy or Porissioy
Anahus of the sentneular
nsede of eats who had bheen
goven digitalis to the pomnt of
cansmg eleetrocardingraphic
so changes shawed anngrease 1w

F1e
Paptabs sntovwation There s haaty
tloch and depressienr of 21 mtrroa}
wait feads esprowait 1V R pared with controls (3, The

the potassium content com-

sersm potassium was aho wmcreased e normal snigeets after
injections of mechoh! (1) Tt mav be that digttals and mechoh
are syhergie, and that dyntalis makes the heart mwsel wore
sensttive to acetvl choline  This nught account for the vapal
action of digtalis
ErFrers of Dicamaiss Sartraams anp OveRDos g 3 roX
) THE BLECTROCARDIOGR (1
That digiiabs has some achion upon the ventreular musele 35
shown by the elcotracardiographie rhanges  They fall snto three
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"groups the T wave changes of digitalis saturation; the effect (\S

upon auricul rictlar conduction; the ¥
exotability of the muscle, shown by premature ventricular systoles,
and at a later stage of poisoning by ventricular tachycardia.

. T e Changes. The earliest changes p1e 8 depression of the
S yunction and  depression of the S-T interval. This deprescion

is concave, the opposite of the convex bowing seen in infarction, *

_+ +The T wase iself is dipbasic or smyerted. There is usually some

shortenng of the QT time (5). These changes may appear within
4o bt of an inkravenaus injection, In patients who have been
digitalised they can sometimes be brought on by exersise {6). 1€
“pronouticed, the T wave changes are seen in all three standard

Fia 81
Auncular fibrllation  Note inversion of T wave 1
£ Ypte i ere s eads

leads, and in all the chest Jeads  The depression of the S-T junction
n V4 and V5 15 always more deep in the standard leads (Fig. 80)3
!he cha'mges may sunulate a Jateral mfarct closely, making i;.
impossible to diagnose that condition if digitalis hss‘htc!\ ; n
v:iunng the preceding fortnight. When the changes are leseg .

nounced, the inversion of T 15 usually seen best in leads I nm{] l’I"I“

when the heart 15 honzontal, and in feads T
heart nhvzmva\ (Fig. 81) This s by due 0 the by
when the heart is vertical, the left )

v the Beart is, . g lead (VE), which pre.
t]!g:\:n::: c‘ln lea(:1 111, reflects the changes of potex)ninl ::c\'lerlt;c
teft ventricle ; whilst the left arm lead (V it '
in lead I, does so when the heart 15 ht:r‘\iml\;‘; wohich predomimates

probably due to the fact that,
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A-V Heanrt Brock. Some prolongation of the P-R mterval s
not uncommon i dintals saturation {Fig. 80). In digitalis
poisoning dropped beats may oceur, or even camplete heart block.
These effeets are probably produced by the vagus.
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In massne overdosage there is usually Az\' dissociation as in
the case of & woman who consumed 300 grains (\{ \\n: folin. She
had mcessant vomiting, became stuporous and died in 12 hours
from respiratory falture, The auricular rate was 120, and the
yentricular rate was 66 (7).

PREMATURE SYSTOLES AND VENTRICULLAR Tacuveannis, An
eatly sigm of intovieation is the appearance of ventnicular
prefuature < tions, cansing & ig 1 [:ulsc, though
couphng may,be due to other causes (p. 267) 'The premature
contractions are closely lnked to the preeeding normal bent,
ocourrmg on that part of the cycle occupied by the Uswave. Tt
has been suggested that these represent a form of re-entry {sce
p 268) Ventrieular tachyeardia may ocetir 1n fore seriouls o1 er-
dosage, or when conditions favour its development as after
infarction. The bi-directional type 1s particularly dangerons, and
sudden death 1s Iikely to oceur if the drug is not stopped at onee

(Fig. 73). Digitals purpurea seems more prone to cause it than
‘digtalis lanata (8)

These changes show that digitalis in full doses of 1 overdosage
affects the myocardim profoundly. The question as to whether
1 therapeutic doses the drug stimulates contraction or whetlier

“itspower is nmted to the rehel of yenous congestion, presumably
by relaxmg the vems, must be regarded at present as unsettled,

We are inclined to think that 1n therapeutic doses it does stunulate
the myocardium 1 systole.

METHODPS OF ADMINISTRATION, Digitahs can be given by the

mouth or by intravenous injection The older method of ealculat-

g the daose requured from the body weight and then administering

avery large mitial dosc orally bas heen superseded, °
Intraienous admini: VWith the int

now avalable an effect can be obtained in thirty

prepa >

tmnutes, and

there 15 Jess rsk of severe mntovication since the elfect of the

mtrasenous dose passes off 1n about six hours. Full intray enous

doves of diitahis should not be used if. the patient has reccived

any digitahs during the preceding fortnight.

The 1ntravenous preparations of dymtalis i

: ; % include digoxin, and

Ianatoside C {eedilamd) Strophanthim in the form of ouabain ,

- strophantiun K are ulso used o
Dizorin. The imntros aee..
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AV Heanr Brock. Some prolongntion of the PR intc.r\'nl l?
noé uncommon in digttalis saturation (Fig. 80). In dxﬂml‘t;
eisening dropped beats may ocenr, or even complete heart block.
These effects are probably produced by the vagus.
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the time of the injection and to repeat the dose stx-'hu\lﬂ,\' until
1s completed. -

(hc():gtfltdmmwislrnliun. I arapid ellect is not dv:‘im\. dlg\h\l\% ean

be ven by mouth.  Although many preparations are .n\'ml:lhlc.

" pone has any advantape over the leaf (15), (18). (_)“‘“‘3 to the
dower action by mouth, the drug should not be given at more
frequent intervals than six hours. Tt is usual to give a Yoadung
dose, 5o that four grains of the fohn might be given ot onece,

* foltowed by one grain sic-bourly. This should Iead to a full effect
in sbout six days. The dosage may be graded aceording to the
weight of the p;hent. With those over twelve stone, 1% t? 2 grs.
may be given six-hourly. Swngle Jarge doses have been given to
patients-aith fibrillation in order to aseertain how long the action
continues, After 13 grains of the folia the rate did not yeturn to
the former level for an a1 erage of eighteen days; alter an equiva-
Jent dose of the Nativelle digitaline the interval was cleven days +
{17}, It seems that ihe pure glycosides are chminated srore
quickly, so larger maintenance doses are required {185)."

Maintengnee  Thgntalis, once begun, has often to be continued
indefirutely, but a smaller dose 18 requited to maintain the cotreet
concentration. About one pram is climinated daily, so that
maintenance doses vary from gr. 1} daily in small people to.
£t 43, Most patients take two or three grains. These doses may
be on the low side. In one series of 100 cases who were admitted
w eongestive failure while on maintensnee doses, 4 ce, of cedilanid
(0.8 mg} which 1s half the full dose, was given intravenously
19). Three-quarters improved. The treat was pot given to
any who had a ventneular rate below tanety when fibrillating,
Xo toxie reactions were observed in tins group hut six reactions’
occurred in those with normal thytlim. We have found this wmethot
suecessful and free from risk. Ina comparivon of the three glyeo- |
Sl(\gigwen orally for maintenance, digoxan was found to he more*

Ustectory than digitaline ot § ide €. {Cedilanid). Ocension-
'E;.ly a pahfnt cannot tolerate the folta on account ot vomiting, and
the glycoside may then be used. Digoxin was found to be hetter
than d.lgﬂa\lnc or Janatoside € for this putpose (20).
beiy:;"; v:d“‘:"b"’: reses & good result in these circumstanices vmuy

\abets of b o WEInn (21), & preparation of squill, 0.5 g,
which are approximately equal to or 3 of dres gy
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2 to 3 ampoules The dose may be diluted with 16 ee, of saline,
but 15 quite safe if given very slowly without.

Cediluwd 1> supphed mn 2 ce. ampoules contamning 0 4 mg, each.’
The average intravenous dose is 4 wmpoules or 1,6 mg. No diution
IS necessary.

Ouaban ampoules contam v 25 my The average dose is 0.5 mg,

Strophanthiu K s goen i doses of 0 25 mg dissolved m 10 ce”
saline (9),

An eqmvalent dose of cedifamd, digonn, ouabuuy, and digitoxin
(Nativelle digitaline) was given alternatelv to one patient at
intervals of a few davs (10), Wath the first three the effect hegan
within ten minutes onahain being the quuekest and then digoxin. -
The venous precsure and the pube rate fell to normal, Cheyne-
Stokes respiration was abobished w thirty nunutes  In another
comparison the venous pressure began to fall trowm three to ten
mnutes after onabain and i from five to twenty minutes after
digoxan {11)

Cedslamd m doses of 8 ee (1 6 mg) produced nausea only in
three out of 10 cases (12)  The drug is exereted rapudly so that
any symptonts of overdosage do not last long.  After digoxia
doses of T3 to 2 mg. two patients died, one suddenly and one from
sentricular tachyeardia (13)

To mamtam the cifect after mtravenons donbades (b s gecessary
to grve dyntahs folia by mouth at the same time Two grams
should he ginven with the mycetion, and that dosage 15 contnued
at wn hourhy wetervaly uatif there 1 full saturation with digitals.
In one serics the foha was given moone dose af the sume time as
the inmjection (11)  The dosage was 6 graws tor those ander nme
stone @ griuns LoF those up to twelve and a half <tone. ond 12
gratas for those above There does not seene to be much advantage
to be gamncd frons the smgle dose, since patients vary greathy m
the amount of dintals they reqaure wpart from thetr werght .

Summary. Several reliable miravenous preparations are avail-
able by which an eflect can he obtamed o than therty nuantes.
Qf these ouabain appedrs to act the quiekest, with digoxin second.
Of the two, digoxm s~ preferable,  Wath cedslaud the margn
between the elfective and the tonte dose ts probably the greatest.
Since the elfect of an mtrmyenvns dow does not Jast fong 3t 15
best to give digitalis orally dimes af two graims of the foha nt
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without farlure treated with lanatoside € given orally, % per cent
showed an increase 1n the stroke output after a weeh (23).
Auricular Fibridlation and Flutter. The action of digitahs in these
arthythmias is discussed in Chapter IX. Digitalis is alwo indicated
w parosysnial auricular tachyeardia in ehildren (sce p. 800} and
in auricufar tachycardia with .A-V" heart Dlock (see p. 287)
Covrra-IspicaTiovs To Diciratrs, Digitalis should be avoided
in cardiac infaretion owing to the nsk of ventncular tachy candin
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Dicararts INTOXICATION. As has been mentjoned, heart block,
premature systoles, and Yentricular tachyeardia may all rosult
from overdosage with digitalis. Sudden death is probably due to
ventricular fibrillation. Aecompanying these are anorexia, nausea,
vomiting, headache, diarrhaen and green or yellow vision., A
diminution in the exeretion of urine also occurs, Thé eathest
signs which should be watched for are anorenta and the coupled
rthythm due to premature veatricular systoles. When these appear
digitalis should be stopped for twenty-four hours and maintenance
doses then substituted. N

Digitalis polsoning may come unexpectedly m the folloning
way. I full doses have been employed, and partieularly of
mercurmal ciuretic has been given at the same trme, » massive
diuresis may take place. The thud 15 lost from the body eavaties,
and from the tissues iy, with an panying fall in the
blood solume ; but the digitahs 1s feft befund. The concentration
of the drug may then incrense to the powmt at which signs of
wmtoxieation accur. All that 1s needed 1s to omit the digitabs for
a day or so until the balance has heen restored.

For serious overdosage the most effective remedy 1s atropme
which should be given. intravenously if necessary, m doses of .

.gr. 1/30 to 1/50 (Fig. 83).

Inprcations.  Cardiac Fadure sath Venous Congestion 15 the
main incication for digitabis. It does not matter if the aurcles
are fibrllating or the rhythm i normal (22): the results should
both be good. Only if the venous congestion has been allowed to -
progress too {ar will a veneseetion be necessary before dimtalis
can succeed. With aurfeular fibrillation the dosage i1s easwer to
control as the rate will fall and the dose can be continued vntil «
the apex rate has reached n Jevel of 80, In patients w ith normal
rhythw, tachycardia 1s often not affected by digitabs (23), and
it vis necessary to be gmded by dwresss, if there 1s cedema, or
to conbnue TN carly wipns of mtovieation appear. In ch'ﬁ.(h-e\\
with theumatie carditis, digitalis often slows the tachyc.’pﬂm as
the saturation pomt approaches (Fig. 82). Patients with Teft
ventricnlar faslure secondary to hypertension usually rcspom} very
well. even if the systenue venous pressure is normal (28). Those

" with eardiae enlargement and dyspuncea benefit fiont moderate
as Guy's pill onee or twice a day, Inone serics of pases

doses such
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fbrilating, may need larger doses than ordinary. Sedatives nrcr
& useful help here.  Daptabis is Jess effective in the prc?cr\ce’mo
fever, and has po influence on the nssoc'mmfl tachyeardia. ‘i
rapid ventricular rate due to auricular fivtiliation can be controlled
in fever, but abnormally large doses will he needed.

Promx’nlon of Divresis

There are several means of promoting duresis. Ingitalis alone,
by improvisg the creeulation, may cause a‘ﬁcma to disappear.
Guy’s pill, contamng a gramn each of dugitalis leaf, mercury and
squill, 15 often efficacious 1f the cedema is extensive, it is best to

. employ diretic drogs m addition to diptahs. These compmse the
mereurial dinretics and Xanthine group. A diet low in sodwum

_also helps. Should the cedema resist these measures, special
collections of fluit mav hava #n ha wn o R
removal of ceder

Xanthine D¢ " - "

an1somer of theobromine, It is closely related to calfeine. Cardo-
phyhn or amno-phylline, i theophy line-ethylene-dinmine, and
is by far the most potent member of the group.

Cardophylin is supplied in ampoules of 2 ce. containing . 38 g. for
intramuscular use, and of 10 ce. contaimng .24 . for intravenots
injection.  We have found it quite safe, and more convenient, to
use the intromuseslar ampoule of 2 ce. Intravenously, mving
1cc slowly as a rule, but 2 ce. if a full effect is desired. |

The sction of cardophylin, apart from that of & duretie, has
been siudied with the auricular catheter (26).  An intravenous
injection of 0 48 g. was given to normal subjects, and to those
with vanous types of heart disease
aurfcular pressure fell in sbout five mnutes,  In hypertensive
heart fatlure a striking rise in the output occurred and lasted up
to Wirty minutes. In mitral stenosis with auneular fibnllation”
the nise was moderate. In normal subjects, and in those with
emphysenia, a transient mse in the cardiac autput oceurred, but
this fell soon below the instial leve] as the attan R

..
@ oene
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In every case the right
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doses to patients with complete heart block. Stokes-Adams
attacks will not be produced. There 15 no effect, as a rule, on the
ventneular rate, but the systolic contraction 13 improved.

Buadle braneh bock 15 no drascback.  Indeed, o bumdie branch
block way disappear ot oecasion as the cireulation umproves
(Fig. 84). Pulsus alternans does uot forbid it The presence of
premature contractwns, apart from those due to the exhbition
of the drug. does not matter. Vonuting from beart fulure is a cadt
for digitalis, and will cease when the benefictal etfect of the drug
bas been acliesed  When a patient with heart failure due {o the
tachyeardia of aureular fibnllation vonuts, the admmustration of
digstabss 15 urgently needed

Tro ®¢

Auncular sbnllation and lcée hurdle brimch bluch
Yower steap Forty manutes after sedtamd The
RS s nocrdl apart tean the frst compleon

Cascy w0 Farn 1o Resbonn  Patents who require a lugh
output to mamtam the crealation on aceount of anaung, OF
chromie disease of the lung, neay not revpond to digitals, even
though the venous pressure is high (25)  The viuens pressure
falls but so does the cardiac output  Sone casts of chironie Turg
discase respond well howeser. and duatabs may be worth a
trial, For anamis there are otlur remedies  Cases With svrbie
valvular disease often do badh . espeaatly when the lesion 1 due
to syphilis. The pres uee of chrone renat dinease » an unf@mnr—
able complieation. The sinus tachye ardin of ha pestbyrodistr 15
nat controlied by duatahs, awl w these patients the tachy candta
due to supcular fibrillanon uften needs abpormally large doses to
reduce it. Nervous patients, with strong sy mpathetic tone, when
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includes a phenol ring ang 18 supphied :‘“‘-’ ce. ""‘X’G““‘_- “"’_““‘“““}
0.81 per cent of active substance for intramuscular njection, and
in ampoules of 10 cc. containing the same quantity for wtra-
\vEnoususe. Both mersals13nd neptal now inctude also theaphylline
1 the proportion of two parts of mercufy compound to one of
theophyllme, Thus the combined effect of mercury and theophyl-
line 15 obtained. Tablets of neptal contaming 0.38 g. are abo
available for oral use. Suppositones were formerly obtainable, hut
they proved to be irntating and they are nbt now wsed. i
Acriox. The exact mode of action of the mercurial group is
nncertain but they eause the Kidueys to exerete more solium and
diuresis follows. The action 1s enhanced by acidifying deugs such
as ammonium chloride or ammonsum nitrate taken hy the mouth,
The dwresis begins rapidly, often within thirty minutes of an
intravenous injection, and it may be over in twelve hours, although
frequently 1t on the following day. Itisusualtogive the
1njection early 1n the morning so that the patient is not disturbed
during the mght. The addition of theophy line enhances the effect,
+ and Iessens the nisk of mercunalism since the drug is excreted faster,
Toxic Reacrrons.  Merewrialism,  In suseceptible  people
stomatitis, o hremorrhagie colitis may oceur  Cramp may be
caused through loss of serum chlorides (27) These reactions with
modern preparations are rare Erythematous or morbiliform
rashes accompamed by itehing are oceastonally seen. For these
"a patel test s useful (28) Lant soaked ip the intramusenlar
solution of neptal 15 applicd to the shin. A positive reaction &
shown by wmitation withun 24 hours, and indicates acenmulation
of the drug 1 the tissues from excesstve dosage, poor duwresis, ar

renal impairment.  After a period of rest the test may Lecome
negative and mjectsons may be resumed,

.o

.R:nal Changes. Hamatuna or anuria may be eaused jn patients
with nephntis, and death may ensne frone ursea., Mereunal
drugs should not he given to such pabents

an wtravenous wjection, The paticnt ‘collapses and becomes
unconsasous - There may be convidsions, and death takes place
inafew nuinutes. Most of the deaths hase occurred in patients witl;

nephritis or nephrosis ; theothersshow a. fairly consistent scquen :
of events. The patient has received o course of xntm\u\ouﬁqin]«‘:

Sudden Death. Cases haxe been recorded of sudden death after
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Ditnmg the cousse of wjections the urinary output is mcxlnsurcd
daily, Sometimes as much as 300 675, may !'xc p35§al in the
forty-eight hours after an injection. The course is continued until
all the oedema has gone, and the daly output hay fallen to the
neighbourhood of 40 ozs. Ttis Letpful to take also the weight of
the patient hefore and a day after the injection. If the fall s not
tmore than 3 Ibs, the cedema has probably cleated. It has been,
suggested that the course should be continued until the daily

range of the change of weight does not exceed 5 1bs, for a fortmght.
Ammonium chloride is then contipued in doses of 2 g. three
times daily, and the mercurial injeetion is recommenced if the

, weight rises. By this metbod 1t is claimed that all axdema i
Temoved (31)

. By Mouth, Tablets of neptal arc useful when adema tends to
recur early. Three tablets shonld be taken once or twice o week,
preceded by a single dose of thirty graimns of ammonium chlonde.

Tablets have been given daily for periods ¢ to sixteen months,
(35). The dosage vatied from 2 to & tablets with average of 4.
One or two g of chlotide or nitrate
were usually taken three times # day at the same time, Satisfac.
tory diuresis was abtained in most. cases thaugh it did not begin
for about & week (36). Toxic effects occurred in half those treated
over long periods consisting of vomting, diarrliea and abdominal
pam. Uremia ocowrred twice, and-this method should not be
used where there 1s impairent of renal function,

Inmicaziovs, When the patient has much cedema, digitalis

v should be given at onee and intravensus neptal preceded by
asnmonivm chionde on the following mormng. 1t 15 not always -

T d that pul v enng responds as well m'mp{m\
as does penipheral cedema.  Pahents with left sentricular falure
With orthopneen and nocturnal dyspneea. may expect to have g

+ consideralile diresss and great alleviation of symptoms, Lastly,
there are a few ditions such as ) % ¢
digitalis is madvisable, If pulmonary N

d eongestion dev,
. s the mest effective remedy avadable, .‘ o neptat
Cowm-l\n.xmnct\s. The only wnportant contra-mdieation 3¢
nephritis. , It is our practice not to give neptal if the hiood wrrn
‘ —;T::,:Z :(:‘ ;n;,;. :n doubtful cases we prefer to wart until the test
e ne, using eard; i
: % < ophylin i the meantime  If the drye

ronary |
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tions and the last few have piven e to apprehension, or transient
dysphaa, or pamm the chest muncdiately, after the wnjectum,
The eomee v continued. and the mt wmyechon eauses sudden
death (297 The ease of death 1 probably s cntneufar fbnffation
through a direct action the mercury 1on upatt the 1entniendar
musche (30) Fatabtion seemn to ocour especialls m pationts with
ehrone wasting divcase and old-standing «detia No death has
heen cecorded atter an mtianmesoutar micetion It s lad that
the 10 co. ampoute, hony mere dilute il be fess bhev to cause
ssplaasant reactions  Out of the mam thousand wyectons that
have heen pven the wnndir of fatalities has boen extromeh small
{22 onds had been reconded mehidag those nephrosis up to 1912}
{31} Provided that wateh o hept Jor transont somptams of
approhonsion or ds sprseea, atsd Hhat pationts weth ronad ossons are
exciuded mtray onons ge ons areapnte sate We huve hud one
deatlm nephrosss but no mpkoasint reachions wm candiae tases,
thougl occastonally v s egectons have buon discontmuedd
owmg to the warmmg syinptoms

Abvinisiaies By Fejeetion Intravcnonus mpcchons are
ethonnt than tramusentar (32) The
though
fntra-

alwrt oneestnth ol
mtratonous toute is pamless apart o the psctine
nevrosts mad Tosudt it the solubion cscapes from the son
muscting anpchons are apt fo cause a sharp stinag pa dor
ahout fittren nrnebos aftor the sgcction Pndess they are gneh
earefully ey nay doud to abmooss tormifon az cven to sloiggding
of the shin An adetnatons ares should Be vonded Wath atler
ronte the ¢ffect o enhavood by prohmisan adumustration of
Thes drvgs are naisoating, g

ampamune chleride o nitiate
1 ommerhy

can be taken mocutvin coated capsules of T1 g cach
1-2 g were ghvon thice tues dad but ot was tound thet an
equally god dore s resdted whest ot dose of 2y (3 capsides)
was m‘Lm two hows b fore the niges fon (32) o avord merensiake
s, myechions are pot given mare troguenthy than ¢ven thard
day, exeept 1 urgent cases when thoy may be gnoen v other
da"\ for a hauted time Ont may give maaon chior gr aa u.url\
m :(he moramg, and wtrat e nons ioptal 2 ce tao hours Iater Goud
results have been elasned from mtravenous candophy e gvon
one hour before the wtranmscolar wyeetton of mer~ahv b (33) but

we hate not found that thas offers any speed ads antage
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The diet imolses washing the butter to free it from salt s salt
free bread 15 alo needed.  Altogether 1t imposes a e iderald
stramn upon the diebit , Speci <heets dre appended buj.
we doubt 1f the method will have any gencral application 1 this
country until the food situation cases. Nevertheless there ate
paticats “ho improve dramatically ; and the relief !mm the
restriction of flwd mtake 15 much appreciated.

Acrp Astt Sarr Poor Digr {from Schemm).
A. Uurestricted foods (from which at Icast two or three servings
should be taken for any one meal).
Eggs—Two may ‘be substituted for one ment scrving.
Meats.—Any fresh meat, fish, or chicken, one serving daly.
‘Bread.—Whole wheat bread without salt or raisins.

Cereal. —Puffed rice, puffed wheat, shredded ‘wheat or any
hot cereal cooked without salt,

Macavoni, spaghetti, niee cooked and served without salt or
sauce.

Fruit,—Prunes, plums, cranbernes.

. B. Restricted foods (from which no more than two scn'ings"

shoutd be taken at any meal).
Vegetables—Two small servings daly of any vegetable
except parsnips, beans, thubarb, chard and spipach, which

are forbidden; use fresh or frozen vegetables or those
tinned without salt.

Fruit.—One sening of frut or fruit jmee dady exeept taising
and dates, which are forbidden,

Milk and Milk Products.~Two cups milk daily, one-quarter
cup ereom daily 3 unsalted cottage cheese substituted for
meat,

C. Soup.—May combine allowed yeg

etables wit : allon
or with sat Free broth, thmik alfonance

Sweets.—~Plan felly or pudding made f

, y s rom allowed gy
Bmdk, breadé cornflour, junket (no cakes or Pastry) e
everages.—One cup of coffee ’
et e or tea at each meal,

ich may be taken s any gu -
ty) s
Sugar, butter, salad o1, clear sugar canydi(els e
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is not given more often than at three day mtervals, mercurialism
is extremely rare. Should a patient develop transient symptoms
smmediately after an mjection, such as apprehension or dyspica,
the mtramusentar route should be substituted for the mtras enovs.

Low Salt Diet. Smce the mercased blood volume which leads
to ccdema 1s due to the retention of sodium m the body. a diet
law i sadt <hould ard materally i the removal of adema, 1t
has been the practice for many years to stop salt as well as to
restnet fluids to about 20 oz dmly when wdema 1s present.
Recentdy it has been <hown that an ordinary dict with no added
salt taken contawms about 4 g, of salt dmly. ¥ no salt 15 used in
the cooking, the salt is reduced to about 23 g Bv nang speeiat
diets which aim at securing & neutraf or actd ash, and avoiding
all mediemes contamning sodium, the mtake of salt can he further
reruced to 3 g or less, and at thiy level restrichion of fhud
unnecessary, smee the patient wiff exerete aff he drinks (37), If
dewred, thuds can be forced up to 7,000 co. daily though this 18
probably unneeessary Ammomum chlortde 1 g. sy hourhy (smec
the ammoma forms urea and the chlorde combues with the
sodmm}, and dilute hydrochloric aesd | v hourly durmg the day
may be given at the same tie (38),

When a diet contammg £ 5 g. of salt, mith 9 ¢ of ammanmm
ehloride datly was g en to normal subjects they lost an average of
3 kilogranmes each in four duy s and the volume of the plasma fell
by 430 ce (39), The serum protein aba rose. [ a senes of patients
with cardiae ecdema 1 75 g, of salt, winch equals & 7 g of sotium,
was gnen and water was untestricted,  Half the patients were *
substantally amproved (46} In another series the patients
recencd 2 g of salt and in rotatton restricted fluds unrestrieted
flinds. and forced fhads vp to 7,500 co (41} The first group were
uncomfortable and tended tu become dehy drated m hot weather.
In the second the cunsumption saried from 1,300 to 2,760 cc N
depending on the weather. Mamy patients m the thid group
became nauseated, but some wmproved grestly espectally those
with chronie nephntis aud hypertenwon.  The conclusion was .
that with such & diet patients should be allowed to drink as ek
ns they wish, and for this maay are duly grateful.  The chnreal
parados of thirst and a dry tongue m a patient waterlogged below

Tt comict e $his avoided
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a high senous pressure, Onygen will relieve the heart from the
extra work involved in producmg the faster eirculation needed to
overcome cyanosis, and also relieves myocardinl anoventia. A
comblnation of these remedies is vequired in emergencies such as
cardiac asthma and pulmonary aedema, Adrenalin has a special, ,
though limited, place in the treatment of cardiac a<ystole.
! " Rest
The patient must be confined absolutely to bed under the care
of a competent nurse. All unnecessary moyements must he
soided The type of bed designed by Lewis (42) is very useful
“~ for eardiac cases, &S it ean he sltered to provide the most comfort.
able angle at which the patient finds that he can reeline. In
addition to physical rest, sleep and mental repose are essential.
Restlessness, anxiety, and dyspncea, with cough, are the clief
efiemies to sleep. The voluntary movements of dyspneea, which
are substituted for the unconscious acts of normal breathing, are
disturbing,  Ventil way well be d )
the reflexes provoking 1t are quieted.
o)}gen saturation can quite well
be tolerated  The arrangement A .
of pillows is important, as sa PSY,STOUC
shpping down in the bed duning
sleep may provoke attacks of
*eardiac asthma. &P DIASTOLC .
Morphia. Morphiais the most
valugble drug n the acute stages
of }\e:m {ailure. In anuncompli-
cated case of heart failure the
effect 15 entirely benefical (Fig.
86). Morphiais dangerous in heart
failure  sccondary 6 kypho-
scoliodis (43), also when the
fauifure is complieated by sepais,
01d people nre”sometimes very
sensitive to morphia, Otherwise Fro 8
it s free from all misk, and much
l)arm may be done bywithholding 5:4ﬂ:;zml.:5mt‘l;’e":?‘e::.oal‘$o od
it. -In omergency gr. 176 shoutd P at the end

b balt-an.
in a0 attack of cardrae astins"
Vs "

& without harm »f
- A less than normal

PULSE

2
L)
<
z
4
=
&
I
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Diprary PROCAUTIONS,

1. No salt substitutes or soda to be used in cooking or at table,
Potassium chloride may be taken mstead.

2. Obtain wweet butter or wash butter to remove salt; buy or .
bake unsalted bread or use Matzuths )

3. No tinned meat or fish: no cheese except cream cheese,

*4. For gas or mdigestion, use no sodwm carbanate. afkali -
pofeders, or tablets except calenum cathonate . averd the cabbage
famnly. turnmips. peppers. radishes, outons, spices fried foods.

3. or extea hiquids wse onh well diuted plum, prune, or

eranherry jruce

Mechanical Drainage. Paracentesis s usually the last resort,
but it should not be delayed tao long

Flud may accumulate mn the Jegs, m the abdomen. or w the
pleural cavities, Although the dropsy usually spreads upwards
from the dependent parts, in speeial crrenmstances large colleetions
may form m the abdomen as i Piek s discase, or m the chest,
The legs may be drawed by multiple punctares or Southeys tubes.
In order to obtamn the mavimum effect the patient should be
sitting up for twehe hours beforeband,  Ordwmary precautions
aganst sepsis nrust be taken, but m these patients the punctures
are muck less hkely to hecame <eptic than those suffering from
renal disense. Paracentess of the abdomen or chest will not often
have to be performed It mav be necessary to tap a special
accumnulation 1 the abdomen if it s causing seraus entbacrasse
ment to breating  Before dong so the foot of the bed shonld be
ratsed. The kidney< mav function hetter wisen it has been removed.
A large hydrothorax shauld always be removed early.

The removal of flid from any of these parts may promote a
dmrests which will take anay the rest of the adema.

Treatment of Acute Heart Failure and of Cardiac
Emergencies
In the acute stage of heart fadure the mm of treatment 15 0
relieve the Jabourmg heart of as nmch of its load as possible.
In addition to the ymprovement n the cireulation cllccta\] by
digitalis and dmretic drugs, much can be done by providing
et and mental rest.  Venesection may be needed to lower
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* gature is needed. A large-bore tramsfusion needle may be used. -
Same prefer to attach the needle to an aspirating bottle.  The
needle 15 more pamful than a knife, waless the shin is fint
anesthetized.  On the whole, we prefer the kuife, which can be
used urte neatly and elennly with a bttle practice.

Trstrts - Apart from those patients who are snatched from

death, o successful venescetion always causes great symptomatic
‘relief. The right auneular and 1 enous pressures and the arterial
blood pressures fall; the output tises (see p. 311} The effeets do
not last long but can be maintained hy the use of digitalis alter
the venesection. Exceptions to the generally good results of
venesection are found in those conditions in wlich a raised venous
pressuee 1s needed to mamtam the output. In some cases of chronic
pulmonary disease with a low blood pressure the output fell with
the venous pressure and the patients were not iuproved (43).
. Arrucatioy oF Leeenuts. Only a Little blood ean be removed
by this means: they are no substitute for venesection. Rut
sometimes striking relief 15 aflorded to s patient with an enlarged
aqd tender liver by putting six leeches along the night coastal
matgm. The enlargement of the hiver scems to melt away and
the patient will return agam for a repetition of the treatment,

Oxygen

Although artenal oxygen deficiency does not oceur in uncom.
plicated carduac faifure, ovygen unsaturation is a feature of lieatt
ta)\urF secondary to chromic pulmonary disease, Cyanosis is alo
prominent when there 15 much pulmonary congestion. In both
these conditions oxygen may bung rehel; indeed 1n the fint
33 almost the only remedy available, '

Administraton of Oxygen. The most elfective way of giving
o\ gen is by means of a tent, in which the patient breathies 10-50
Ifl:mchmt pure oxygen. We have found the open-top type, in
™ mr:‘l::czmnent 15 not cut off from sound, to he the most useful
g d]msest. The tent can be employed for two or three days
oS fscor; tnucd for short periods at first to note if cyanosis
pviel ad ent 1s nat avalable, a B.L.B. mask can be used
s periods, if given for fifteen munutes each hour and con-

until cyanosis disappears, Six litres = minute raises the
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be given intravenously, and gr. § at the same time subcutaneously.
Othernise gr. } should be given subcutaneously on the first evening,
preceded by fifteen minutes by atropine gr. 1/50 if the'lungs are
much congested. The dose may be repeated on the sccond night,
if needed, hut further administration 1s undeswable owing to the
constipating effect on the howels, ' ,

Hypnotics other than Morphia. In chronic heart failure
hypnotics may be necded over long periods. Herom gr. 16 to
gr. 1/12 may be placed under the tongue. It is particularly usefut
for the non-produetive cough of pericarditis or that due to pressure
on the broneln from enlargement of the left auricle, A lnetus
contaimng heron {gr. 1,6) or codeine (gr. 1;4) is effective.

Paraldehyde 15 often well tolerated, but may cause nausea. It
is best given m brandy or creme de menthe., Bramide (grs. 30)
may alone do all that 15 needed. It works well reinforced by
chloral (grs. 18). Nepenthe M xx may be added. The harbitone
groups are mast useful when wsomnra has to be defeated or when
rthere is nervous unrest.  They are less effcctive if dyspniea or
pain is present. Phenobarbitone, dial, medmal {solable barbitone)
arc the best of the large number available

Venesection

The question of the need for bleeding should always be con-
sidered when a case of aeute heart failure is first seen. Nothing
affords quicker relief in a suitable case. The indications are to be
sought in the external jugular vems. VWhen these stand ont tense,
blood should be let. It has been shown that when the venous
pressurc is very high, the pressure m the nght aunele may even be
higher still during part of the cardwae cycle, eausing the column
of blood to move backwards and forwards (see p. 818). In these

* circumstances digitalis is useless, and nothwng but 2 substantial
venesection will save the patient from mmminent death.

Mertiop. ‘The essence of bleeding is the sudden removal of n
targe quantity of blood from ane of the vems at the elbow. The
amount will vary from 12 to 20 ozs. The old-fashioned mcth?d of

apening the cephalic vein longitudimally by s smn'll’ cut with 8

sharp lancet oF tenotomy ksufe 1s as good as any. Raising the arm,

and upp\}:ing hght pressure, will soon stop the bleeding. No
>
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alveolar G, to 80 per cent. The nasal catheter method is rather
wasteful of oxygen but can be quite effective, raising the nlveolar
0, to 27 per cent from the normal of 14 per cent, when the flow
38 at three litres a mnte, '

Treatment of Cardiac Asthma and Pulmonary (Edema

In cardine asthma intravenous cardophylin by stinwlating the
heart and relaxing the bronchospasm may ternunate the attack
quickly. Intravenous morphia should be given as well to control
the anxiety of the patient. I pulmonary wdema supervenes, o
venesection is needed, followed by intravenous digitals, the dose
depending upon the amount of the drug that has been taken
previously.

AprexNaLry,  Adrenslin stimulates the sympathetie nervous
system and constricts the arterioles throughout the body, so
causing the blood pressure to rise. It is alsa a eardiac strmmlant.
Subeutaneous ingection leads to a great increase m the ontput as
well as to acccleration of the beat. In larger doses, and when
g@ven mtravenously, adrenahn stimniates powerfully that func-
tion of the beart musele which s ealled irmtability. Multi-focal
ventricular premature systoles are produced and ventricular
tachyeardin or fibnllation can easy follow. It ss this action of
adrenalin which underhies its main clinieal use. For adrenalin
is strikingly successful in inttwting a ventricular premature beat
whichk may terminate a Stohes-Adams attack (Fig, 47). It is ako
employed by mtracardiae mjection in cardwce nsystole during
anxsthesia, and m vagal bradyeardia causing faintness,

In the treatment of cardiac faslure, adrenahn has no place
since 1t raises the blood pressure. This would merease the load
upon the heart, and outweigh any good than might be expected
from the temporary stinmlation. or from the rehef of broncho-

spasm.
Diet

Apart from the low salt diet for usc in cedema, certnin prnciples

regarding the diet in heart fmlure need to be conidered. -

In severe heart fadure nausea and vommtmg are hiable ta ljc B
troublesome and the appetite 1s poor. As a result the protein
intake may be too low and the plasma protems reduced. Meals*



. ML AR

Reduction of the Basal Metabolic Rate

In many cases of heart failure the B.M . is raised (p. 8265
swas natural that efforts should he made to reduce it in the hope
that benefit might accrue to the faihing heart. Total thyroidectomy
was performed but the method has not proved o success. The
patients breame myxadematous, but “they were more miserable
in their myxacdematous state than they had been prenouj\y with
the symptoms of failure. Recently an attempt has been made to
reach the same result with methy] thiouraci, the merage dose
being 0.2 g. thrice daily (45). Some success was noted in patients
with high output failure due to emphysema. In them the outlook i
so bad that any form of treatment is lemtimate. But thiouracil
has certamn dangers, and the treatment requires constant stper-
\ision. T most eases of lieart fajlure a novmal thyroid is best
left qlone,

A and After-Tr
The aim of the after-treatment of cardiac failure is to shorten
the period of convalescence, and to put the heart in the best svate
bsequently to maintain the circulati
possible. This can be accomplished by ma
Tearrangerment of the life of the patient.
Rest in bed should be continued until there is no longer auy
venous engorgement, adema or congestion in the lungs. Turther
progress may be gauged by the cardiac vate, Not until the rate
of the heart has been constantly under §0 for some days may the
patient be allowed to get up. . :
b?assage. Massage may often be usefully employed in the
earlier stages to assist 1n the removal of dropsy, The o dema flusd i+
stagnant and the tissues are incapable of Teabsorbing 3t. Massaz
of the lower extremities, with kneading of the mu‘;le\ il h(:l’
the venous Teturn, and force the fluid to circulate. A dl‘ur(‘siq » ::
be promoted, the nutriton of e Lssues will be 1y roved
the body as a whole will benefit, proved. s

for as long a time a3
ssage, and by a careful

The chief use of massage is in the stag v
Muscles that have become hmp and weah nf::rc :.Qlf)ncgu :;:}‘:tmﬂ
to bed are badly fitted to support the weight of the body, u'i‘cl,!
imposes a greatly increased load upon the heart musch e
walking is first attempted. Massage {cMerrage and Rne:\dem‘;;l:

s W ol



366 TREATJ{ENI: OF C.ARDLIC F{ILURE

increase the work of the heart as the oxx(;:lxt is raised during
digestion. Dyspepsia disturbs the heart by leading to arophagia.
Gastrie distension. or distension of the colon through fermentation,
interferes with the nction of the heart mechanically. :

In the most acute type of failure, such as after o large infaret,
nothing can be tolerated for the first day or two, expect glucose
drinks.  But as soon as possible a hght. easily digested but
nutritious diet showld be substituted. Meals should be small find -
spaced cvenly through the day. It is important to tempt the
patient’s appetite rather than to follow any ngid programme too
closely.

Two schemes for diet are suggested. One light, for severe
failure, and the other hieavier, for less severe eases. Modificatian
is possible to suit individual eases m many pomts. s

Starchy food should be reduced if gastrie flatulence 1s pronunent, -
Toast should be made from stale bread.

Arconor. Champagne stimulates appetite, and in small doses
is good for nausea. Alcohol, as brandy or whiskey, 1s useful in
small repeated doses 1 the aeute phases of fadure, if the patient
takes 1t. It is a useful stimulant, and promotes a sense of well-being.

Tonscco. Patients with heart falure are better without
smoking., The inhalation of tobacco smoke is vers hihely to set up
troublesome conghing, The inveterate smoker, who finds it hard
to give up tobaeco, 13 particularly prone to this. Patents with
angina who have been heavy smokers arc better without tobaceo.
But a few cigarettes a day, if the smoke 15 not haled, may be
sorthu e if they prove to be a camfort to the patieut, and thev
may aid digestion.

Fur: Coron. For the first fow days 1t 1s best to leave the bowels
alonc. An enema can then be guven. Thereafter a muscle stimulant
such as cascara may be gven if 1t 1s necded.  Salmc purgatives
shonld be avorded since they are apt to form gas

Vitamiss. Acute deficiency of vitammn B i ber-beri leads to
& condition indistingushable from heart fmlure {see p. 109)'. Bl}lt
it 15 rare, and in the treatment of heart falure proper this » !lmn’m
has no place. Ascotbic aeid 15 a mild duretie. Muror d.cﬂmcnmﬁ
are common and may Jead to some ancemea. Or:u!g(‘ Juice shou!d
be included in the dict ; if the plasma ascorbate is low, nscorbie

acid should be given.
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aimed merely at reducing the load of the heart muscle and improv-

" wgits nutrition, so that it can again meet the needs of the body,

Life must therefore be lived at a lower level, well within the
compass of the heart, .

. Graduated exercises will now serve a double purpose. They

will enable the patient to discover the distance Le can walk with-

out shortoess of breath ; and he can be instructed not to exceed

S They will also train the heart. The heart, hke any other

muscle, is capable of better performance if 1t 15 being used than

< 1t is never required to do more than a bare mmmum. The

distance that the patient is able to walk without diseomfort, when

he starts his walking exercises, 15 no eriterion of what he will be

+ able to manage later. A system of graduated exercises gives him

confidence 1 himself, and enables him to take an intelligent

interest in his own welfare, It prevents him falling into the two

dangerous extremes, either of takin.

g 1o precautions at all, snd
s killing limself rapidly,

or of becoming a elironic cardine eripple,
unable to move unassisted, a misery to himself and to Lis associates,
_ The patient can go for walks in selected areas, such as public
- parhs, where-thete ate usually suitable slopes and seats. 1l¢ then
~ learns how much he can do, and slowly regains his greatest capacity
for exertion, ' . )
" Patients who have recos ered from heart failure should have their
weight taken regularly, A sudden mcrease of few fmumh sugpests
a search for pulmonary congestion, hydrothorax, or peripheral ,
cs'd(,m:\. A fow days should then be spent in bed with neptal
cither orally or by njection. Many patients benefit from spending
one day each week in bed during which mental relaxation ay m:lBl
as physical rest should be encoura 9

patient should never become wat
CarDIAC CacEXIA. ~ Patients whose Jji
ife has been prolon,
through careful treatment ofter, enter a terminal phase Lf cunﬁ:i

or food is Jost and 3! 3
XNo treatment avails, but death is ﬁsuutllllye' \s\':lght eadiy fuls

“from ventricolar fbrllation, ien, premmatiy

‘is }]::;gr];ostlis‘; When the heart has failed the ultimate Prognosis
utIn many cases thepe jg scope for limited m

thit optimusm, and

the azsn ude should always be hopeful.,  Social and economije
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CLASSIFICATION 2t

- Glasq'\ﬂca;h;nf 1n considering the d:\&ﬁﬁcn!inr\ nnx} l|i“'=!“f’5‘;
of arterial diseases 1t is convenient to select cerlain points, much
on the lines of the “four point” diagnoshs of hedrt disease (1)
_Tine will bring the important features under review, . B
-~ 4. Emoioticat. Unfortunstely, in o number of instances

this %l reratn blank, '

2. Axatoscar. lere should be ineluded the type of vessel
and the part of the hody or tissue tn which it is found, and
the pathelogical changes mat.

4 Prvsioocterr Tursmearst.  Under this heating s
included the jability to claudication, spasm, wnd the
amaunt of vascular teserve for dilatation,

1. Frsenoxat Caracrry, The degree of clinicat derongement
or disability.

Clinical Examination. The artemes should he earefully *
palpated, where they are accessible, Therr thickuess, tortuosity .
and pulsation sre noted  The examsnation is best done when the
Imbs are reasonably warm The pulsation in one dorsalis peds
artery may be absent in about 12 per cent of healthy young men.
and m one posterior tibial 1n about 2 per cent. It may be abisent.
in the dorsal attery m about 7 per cent on hoth sides.  This
sanation n normal persons must be remembered 1 eaaminng
thawe who are aboormal (2),

The shin 15 exanuned for teaplue changes, elastieaty, thinnesw,
sealing, colour, the state of the nails, the return of bloodl when
drnen awsy by pressure  If these pomts are studied in normal
persons, abnotmabities Wil be more readdy appreciated,

Estovatios oF Anteri4z, Fosersos  Much attention has been
gnen to methods for assesong the degree of mpatrment in the
artenal supply and to the estimation of the relative importance
of the parts played by orgame obstruction and sasomotor tone,
The abilty of the vessels to dilate needs careful study, Simple
chiical means when mded by some expenence m their use, will
provide most of the inf wanted  Vasodidatat
effected by the following methods — i

1 Casvces 15 Postere, The patient

way be
should be on a bed in 5
warm xoom.  The Jeg 15 then elevated to 15% and the rate of

blanching 15 noted, T LT €
Ten sem%\di‘ n pathologienl states this is complete in a
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b, Ilot Reaction Test, The subjeet sits in a room x\(‘a constant
temperature of about 65°F. The temperture of the dimes w read
several times until 1t 15 constant, over about twenty minutes.
One arm is immersed in o bowl of hot water, at 45°C., from the
muddle of the biteps to the middle of the haml. The temperature

" of the ends of the fingers is read on both sides Afterashort latent
period there should be o nise of three or four degrees centigrade (8).

¢ Cutaneous Iistamine Test, ‘The shin 15 needied through a
drop of 141000 istamitie and-a wheat 15 awaited, This_should
appear 10 five minutes in a normal hmb. A delayed or negative
result may indicate poor prospects of healing if nmputation is
contemplated. .

3. Servan Angstnernie.  The administration of a spinal
anasthetic will allow i vasodit v inad

tor tone; it reproduces P the elfcet which
should yesult from successful sympathectomy (7). There should

be a Tise 1 the cutaneous temperature of the toes of at Jeast four
slegrees centigrade. )

jon by

1t is not uncommon to find the responses different in the two
legs, although they may appear fo be in the same condition,
5 Prrieugkin NERve Brock. The ulnar, or the peroneal or
posterior tibial nerves can be blocked with proeaine (3). It &5
necessary to block both the voramon peroneal and posterior tibial
nerves m order to get a refable result for the legs {R).

The elimination of spasm is-important, for sschaemic pain on
walking may be due to this alane (3). Gangrene is not 1ikely, but
the disability may be severe enough to warrant Jumbar sym-
pathectomy {10). ’ . h

6. IxTRavENOUS Iniremtox or Sovtvs Nrrmrres  After an
mnjection of 1 c.e, of a 4 per cent solution the arterial pubatien in
the h:\:) \;e m;:surcd by means af the oseiflometer (11). This test
15 sad to tter than th i inati

o ool e tha the test with heat for c\m\ma\m%' spasm

7. OscuaoveTny, By this means 1t 1s posstb] o

approsumately the level of the arterial ocoluz\cm, o o

and ipvestigs
pulses tI:‘:\t cannot be palpated. The demree of mmlents—m - g‘{u.
Meacmed ane o« 4 v -
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The pationt should then stand. Normally tHe veins will fill in
ten seconds. In pathological states there is delay m Alting and
flushing. The foot may beconte red m thirty seconds {3).

2, Reacrrve Hyeoeaymis, This 1s o modifieation of o test
originally described by Mosekowiez. YWhen the limb is warm, it is
raised for tharty seconds to dram out the blood A tourniquet 1s
then applied to the thigh and the femoral artery oecluded by
inflating the cuff for four mmutes, during which time the hmb
is kept warm, On sndden release of the tonrmguet a flush should
spread dovan to the toes m about fifteen secouds. The delay of the

fush may be as much as three nunutes when the arterses are ~

oechuded (4).

3. Tests oF St Toyeorartng, It 15 important to Gnd out
how far the vessels can dilate when the vasoconstnetor tone is
eliminated, for tlus gives an opportumty of assessing the relative
degrees of spasm and orgamie obstruction,  This procedure 15
necessary before deewding on the value of operative nterference.

The temperature of the shin of a hmb 15 a good wmdex of the
amount of blood {flowing through it. and the nise of temperature
15 ant mudex of the enpacity of the s essels to dilate  The temperature
of the skin 15 recorded before and after induced vasoditatation.
A skin thermometer s necessars , and for accurate work a thermo-
couple should be apphied By this means the temperature of any
digtt can be read accurately on a calibrated scale by the movement
of & beam of hight actuated by the deflection m a galvanonieter.

a. Cold Reaction Test The subject wts guietly, for not less than

twenty nunutes, 1n a room thermostaticalh controlled at 63° ¥,
The temperature of ench hand 15 then taken by holding the wire
Junetion of the thermo-electre slun thermometer hetween the
ternunal pads of thumb and poddie tmger. This partieular site
is chosen hecause of the dense anastomotie bed m the fnger tips.
where any cweulatory change s rapidhs rellected 1 thF tem-
perature  Severat prelimunary readings are taken at mtervals to
ascertan the temperature level at rest Then one hand 1s sumersed
covermg the underside of the forearm to the clhos for one mmute
in water at 157 ¢, It 1 then removed and dried by dablitug with
a towel jo avoud fmction. Temperature readimgs are reswmed on
Voth hauds and recovery eurves plotted. There 1 usually & fall of
cight degrees centigrade m the mmersed hand (3},
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excruciating seventy, It s out of proportion to ‘lllt‘ degree of
schamia (1), Then ‘small superficial blebs may be scen, (\ﬂc\\\l\?\ar
the toe nails, or dry dull patehes of skin, or some tiny abrasion
“fails to heal. Later arterial pulsation disappears, and the tests of
artenial function show grave deficiences  The infective process
may Yead to local gangrene and sloughing. .

The course of the discase is vefy slow and marked by
consuderable remussions of long duration. -

Pathology. The lesion eonsists of an inflammatory proeess

'invnl\iug all three coats of the artery. A three coats are infil.
trated With polymorphs ; the normal structure is lost, and clot filly
the lumen. Recanalisation may be seen aftet an interval. The
adjacent vtin wndergoes phiebitis and the erve neathy may be
mvolyed  Finally all three become matted together by fibrous
tissue, The artery may he completely obliterated. The fibrosis, in-

, liltration, snd Walleran degenerationaf the nerves, with thrombienis
of their vasa nervorum, introduces an important neuntie factor (2),

The valves of the veins become disorganised, and inflammation
and thrombosis may eause obstruction w1th dilatation dustally (3),
The skin becomes thin, Shiny, dry and sealy, Tlere is discolottra.
tion, blebs form and become mfected. The nasds are brittle and
do not grow.  Any lesion fails to heal.

The deprivation of blood leads to trophic changes. These
probably come fairly late, when the flow has been reduced to
one third of the normal (), The chief trouble 1s the progressive

. aeferial cbliteration. ‘The carher

impertant {5).

changes are not so

No sigmbieant changes in the bléad chemistry bave been noted

(6). Although the conspicnons lesions are found in the nrteries
of the legs, and to a Jesser degree of the arms, other arteries may

- beaffected too. Coronary thrombosis 15 common, Y
death {7). ¥

e

w and may cause
1 But the lesions are not necessanly those of thromhg-
angentis. Cerebral lesions have been Tecorded, transient at first,
leading finally to permanent hemiplema (8} , ()vca\mna“)"
. thromboses have heen found in the mesenteric arteries, cautsing
acite sbdomnal pan e

Prognosis. The outlook is bad,
Yong. In one seres the ay ersge len

2th of hife was twelve veare.

althougl the course may be ’
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Exayivation Wit X-Ruvwvs. An ordmary skwgram wll sh
medial ealerfication.

Ingecrion of Ramto-orgue Stpariscs, (18 co of 25 T
cent diodrast sohution)

Thorotrast or diotdrast ecan be wed by intra-srtenal mjeety
(13)  There are dangers connected wath thorotrast which mab
1t undestrable  This method bas boen used for study of the arten
other thun thove m the by A 50 per cont solutinn of diodrs
{30-12 ce ) has been myected mto the common earotid artery
show the corebral artenes (11}, Perabrodil (6-10 ¢ of 33 per ce)
solution for intray enons 1yecton) has been used alvo, and Jos
anetry sms well (13)
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Thrombe-Angeitis Obliterans (Buerger’s Disease)

Thys disease 1 almaost exchisvely contimed to mahs Crgnrett
smokmg appears to favow its dey elopnaent and thero s a tendeney
o & tagher madence among Jews The trac cause s unhnown
The arterses of the lugs are affected mon than thow of the arws .
and the vesns and nerves are s olvest as well The onset 1 wsualls
early m adult hfe between the ages of hitcan and forty - Farls
the Winess there are fHoeturg phases of the Hoyvnaud phenonsenon
Paans are felt w the soles toes and ankdes o these come on dunmg
watlang. Cramps accur w the mtssvlos of the feot and ralves One
leg 15 waally affected before the ather At thas stage pulsatuom 1§
stil} felt m the mam artertes The colour changes on alterations
1 posture may be abnormal  The feet tond to feel cold. Pan at
rest tends to beeome perstent and severe and mav be of
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These were only immediste results of one test, and it is pointed
out that they do not exclude some ultimate effect after repeated
5 i o - de d ot
Drres  Vasediators have little value, Nrotinamide does

seem to be really effective (14, 15). ‘npat’crinc two to ‘four
grams by month, 1s prpbably as useinl as anything chee for alleviat-
ing the paim of i ittent_claudication and alf g somie

improvenent in walking. " "

Albstention from tobacee is certamly important., Nieotine
causes sonie degree of vasoconstriction i niost people, ‘

SyypaTiectomy. 1, in spite of treatment, the disease pro-
gresses relentlessly, as it so often does, sympathectomy must be
_considered, The value of this depends entirely on the possibility
of Increasing blood flow by chmnating vasomotor tone; so that
in a disease Where an obliterative process is at work the effect
may not be great. For the legs lumbar ganghonectomy, mcluding
L, s the rule, It is important to gauge the possibilitics of vaso-
dilatation, and to what extent collateral circulation is present.
Thus can be done by observing the results of a spinal snasthetie

on the shin and temperature. -
The cases with advanced trophic changes, severe pain,
pronounced blanching on exertion and blueness on lowerting the
hmb, partienlarly after a recent exacerbation, are likely to afford
{i v results,  The coll \ ! may be bad,
and as a result of the sympathectomy blood may be shunted else-
where (16), By thus method temporary rchef may undoubtedly
~ be ohtamed, even if the tourse of the disease is not matesially
ehanged, Many can for a time return to work, and they are usunll:\
young  The nature of the occupation needs consideration and
other meastres wall help (17). T
Gangrene should be trested as conservatively as possible,

tome salme 15 useful, Relatively
by

Hy per-
good recovery is often achiesed
this means with Jess loss of tissue than at first scemed Iikely,
i REFERENCES, h
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serics of neatly a thousand patients {of whom 03 per cent were
smokers) amputation was needed m 30 per cent in three years,
40 per cent in five years, and 60 per cent within ten years {(10).

Treatment. This must aim at keeping the skin healthy and
protecting from trauma, and improving the circulation. When
the sk 15 dry, the use of oil at night and dusting powder in the
day, 1s advisable. Socks and shoes must fit well. Great eare is
necded with the nails, and any corns or bunions. In the acute
phiase rest will be essential,  Exposure to cold must be avoided.
Septic foci should be cleared up,

Exzacises. The arculation can be improved by rassing and
lowering the b, The patient 1s recumbent, The leg 1s raised
to about 70° and supported there untl it blanches, It is then
Jowered over the edge of the bed until it 1s thoroughly flushed.,
Lastly, it 1s brought back to the hornizontal. The cyele may be
repeated for an hour. Two or three such courses of treatnient may
be given cvery day.

Passive  CONGESTION (VENOUS OCCLYSION} Intermittent
occluston of the vems for a few scconds at a tume helps to produce
engorgement and increasc collateral eirculation (13). The patient
can do tlus for himself with a sphygniomanometer bag. The
pressure should be rauised to 60 mm. Hg. for two minutes and
reeased for four minutes. The eyele ean he repeated durag hall
an hour. Experimental evidence shows that the merease in flow
is related to the herght of the pressure in the vems up to a pointg
Then it decreases (12}

INTERMITTENT Sterioy axp Cowprpssion. By means of
suitable apparatus (Pavaex Unit) a positive, alternating with a
negative, pressure can be exerted on the limb, with the am of
increasing the vascular bed

IntnaveNous INsxerrons.  Large doses (23¢ ce} of normal
saline, or sontetimes shghtly hypertonic saline (2 to 5 per eent)
have been gaven mtravenously  They may be given every two or
three days. Magnessum sulphate (10 per cent) has also been used,
and sadwum citrate 2 per cent, or sodnm 1wdide 2 per eent.

Tovestigation with the plethy smograph showed !l‘mt intravenous
hypertonic saline produced some merease in flow in omkn'urd of
the cases, Padutin had very little effect. Intermmttent venous
occlusion was lkewise ineflective (13).
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“These were oty immediate results of one test, and it is pointed
out that they do not exclude some ultimate effect after repeated
use, 3 -

Drtes. Vasodilators have little value, Nnotmamide docs‘ not
seem to be really effective (11, 15). Papavenne two to I:our
graims by mouth, s prpbably as useful as anything else for alleviat-
ing the pain of § ittent claud
mprovement in walking

Abstention from tobacen 1s certawmly important., Nicotine
causes some degree of vasoconstriction in most people. .

SywmaTnecTony. 1, in spite of treatment, the discase pro-
gresces relentlessly, as 1t so often does, sympathectomy must be
.considered. The value of this depends entirely on the possibibty
of sncreasing blood flow by elminating vasomotor tone; so that
m a diseace where an obliterative process 15 at work the effect
may not be great, For the Jegs lumbar ganghoneetony, including
L,, is the rule. It 15 important to pauge the possibilitics of vaso-
dilatation, and to what estent collateral cirenlation is present.
This can be done by observing the results of a spinal anwsthetic
on the skan and temperature. .

The cases with advanced troplue changes, severe pain,
pronounced blanclung on ¢xertion and blueness on lowening the
I, particutarly after a recent exacerbation, are likely o afford
unsatisfactory results, The collateral eirculation may be bad,
and as a result of the sympathectomy blood may be shunted elve-
where (16) By this method temporary tehief may undoubtedly

~ be obtaned, even if the course of the disease is not matenally
changed Many can for a time return to work, and they are usually

young  The nature of the occupation needs consideration and
other measures will help (¥7).

jon and afford some

Gangrene should be treated as consery atwvely as poswible, Hyper-

tonie sabine 18 useful. Relatively good recon ery 15 often achieved

by this means with less lovs of fissue than at first seemed hely,
; 3y
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Polyarteritis {Periarteritis) Nodasa
(RKussmaul's Discasc)

This disease, characterised by widespread nodules on the
arteries throughout the body, presents a protean clineal picture.
There are, on the one hund, the general symptoms, and on the
other, special local mdications of arterial mflammation, leading
to ischaemic changes in the areas they supply.
© General Symptoms. Men are affected consulerably more
frequently than women. perhaps ten times as often. The disease
tends to appear m the early venrs of adult hfe, but may be met
with i old peaple as well. The onset 1s nsidions as g rule. Deca-
swonally 1t is sudden, partiularlv if some unexpected artennl
catastrophe, often intra-nbdonunal, reveals what 15 probably a
latent pracess. There i< fever, varyving wa height and running a
perststent course ; with this there 1s usuallv severe constitutional
disturbance, marked by tachveardin, sweating, great lnssitude,
and pains about the body, partreularic m the muscles and the
joints. The patient beeomes obviousdy seriousfy ll, tends mpid!y
to lose weight, and exbilats profound debuhity (1). Amemin
becomes obvious but is not severe. There may be some enlarge-
ment of the spleen and hiver: oce Iy there is t )
hronclitts and broucliolitts (2). These general symptoms are
not likefy to provide a diagnosss. At a varying interval after the
onset the different manifestations of local disturbance appear.
Singly they may lay a false scent, but when enough are present
together the picture becomes more clear.

Local Avteritis. In tlus disease the grosser lestons affect the
internal arteries as a rule, and so they cannot be palpated. But
sometimes nodules ean be felt on palpable artenes, such as th.c:
Drachinl, about haif a centunetre across, and ather tender. This
artentes does not attack the temporal arteries particularly. The
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arteries may thrombose or develop aneurysms. The lesions of the
internal artéries can only be inferred from their secondary elfcets.
There may be intermuttent claudication, N

Moscrrs. They are painful, with what scem to be thenmatic
pains from the onset. They may he neutely tender, Wasting may
set 1, and there may be loss of faradic reaction. Weakness may
become conspicuons in vanous muscle groups, eausing foot or
wrist drop.

Nerves The symptomis are those of a peripheral polyncuritis.
There may be parwsthesin and anwesthesia;  this peripheral
neuntis 15 no 'doubt hinked up with the motor weakness, althotgl
there are lesions in arterioles of the muselcs too. Reflexes are lost
erratically about the body. The vasa nervorum show lesions
which cause thus peripheral neuntis.

SI\ axD SuncUTANEOUS T1sSUES. Occasionally smafl split-pea

. nodules can be felt in the skin, but these are tare. Sometimes they

are very profuse and remarkably exanescent (2). More conspicuons
are areas of subcutancons pitting <rdetna, often quite extensine
on the-hmbs and about the body, These niay be associated with
the muscular weakness (3). Purpura may be noted, sometimes

extensive ;. andisymmetncal in distribution.  The smaller joints
may be swollen and panful.

VisceraL Syvrrows,

Acute abdommnal pain may lead to
laparotomy {4) The gall bladder has been found to be the site
of acute disease (5) Ulcers have been found mn the alimentary
tract, Ilzmorrhages may oecur from ruptured vessels, such P
the splenic or renal arteries (6). N
Thrombosis of mesenteric vessels may eause severe pan and
ditension, smulating intestmal obstruction.  Meliny may he
severe, or'there may be frank blood, As mentioned, the ln'u: and
spleen may become enlarged ’

Renar Lestons. These are very important They may ‘affect
the main renal artery and cause obstruction or ull[‘l;l’vsm. which
may rupture ; ot thrombosis. may lead to is(lmn\;a l\‘nd th

Goldlatt type of ischamic hypertension s of they may off, o
.stualler branches’or even the intrarcnal ar’icriolc«:’ e alfoct the
_ Hxmatuna and albunununa are + .
appearance of neplintis may .
A peeuliar sediment has been

€ty common, 1n fact the
predommate, even to

uremia (7).
desenhed an-the urine, o

consisting of
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red ‘ce}ls, granular and fatty easts, fatty bodies, blood casts,
associated with much protein (8). -

Canntac LrsioNs. The coronary arteries may be attacked, and
myocardial infatetion result (7). Ths is not infrequent. Hyper-
tension is common: somie say atmost invarable at one time ot
another {9), No doubt it 1 connceted with the renal lesion.
Retinal Jesions are rare, hut conjunctivitis is not yncommon :
the arteries in the lungs wsually tend to cseape, but tramsieat
areas of consobdatior hke preumonra may be found in the lungs,
and there may be hamoptysts (16).

Course and Prognosis. The course 15 usually lang, anything
from six months to two years, or even more, and the proguosis
ts very grave Heart fafure and renal farlure may come on : there
15 often cerebral hamorrhage.  Contractures may cripple the’
muscles.

Laboratory Investigations. All cases show a certamn degree
of lencoevtosis  Eosmophiha 1 not so as once supy
but may be lugh, It may be due to causes other than the disease,
partieularly astima (16).  There 15 usually moderate anremia,
The blood sedunentation rate may be a great deal rased. The
blood wrea may nse  The Wawermann s negative  The serum
albumen may’ be raised (3).  Diopsy 15 always worth while. 4
piece of musele near an wdematous area, or one which is tender
and painful, or a nodule f avadable, should be taken. Rlonid
culture 1 consistently negative,

Ztiology. Nothngy iv deiimitely hnown, There 1 posstby an
association with asthma to suggest further an allergie basts. The
ncate neerotie lesions i the arterioles nud arteries are unike other
disturbances due ta allergy (10) It has been claumed that anaphy-
lactic reactions to foreign serum. and sulphonamides (11), and also
iodme (12} have provoked the discase. Scusithvity to :\!\l:‘ul(‘
has heen blamed. for cases have heen reparted wiuch have arisent
during treatment for syptulis with orgame arsenical preparations
(15). Oneis struck by the very different nature of these various
antigens; where so much variety exwsts there nust be other
causes in the patients, » Inch have more m common. i

Pathology. The mtial lesion 1 an acute mc.dml necrosis,
smarked by hyahne changes. Possibly in larger arteries this comes
about from lesians obliterating the vasa rasorum. There Is
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cellular infiltration in those areas, polymorphs being ntmerotis,
There 1§ intimal proliferation, leading often to thrombosis, The
adventitia 1s nfiltrated too. The arterial coats may be o damaged
that an angurysm forms, which may rupture,  Macroscopically

. N ’
small whitish nodules on any of the internal arteries may he

seen  Microscopical lesions are often present when nothing is
visihle to the naked eye.. Infarets may be seen almost anywhere,
as a result of the obstructions in the arteries,
result,

Differential Diagnosis. It will be seen that a disease with
such a multitude of chinieal variations must e hand to diagnose,
until some definite local lesion develops, Nephritis, peripheral
neuntis, myositis, sone acute abdominal lesion, coronary throm-
bosts, may all have to be considered. As is nsual with widespread
lesions, the association of several incongruous, wunusual ,and
apparently utrelated features may bring the posability to mind,

1n 4 patient who is obviously very ill, with an infective type of
disease,

Gangrene may

There 15 no effective hine of ¢ at present. Sulpt id
nould scem to be contra-indicated. The posaibility of some
assoctation with temporal artentis, and disserinated lupos
eryth sclerodernia, d yositis and the Libmane

Sacks disease may be shown by future studies of this group of
rare diseases,

REFERENCES
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Temporal Arteritis ' -

This uncommon disease was deseribed first by Horton, Magath
and Brown m 1832 (1). The affection appears to be more Iikely to
affect women than men. The patients are eldesly or old, The
symptoms may be classified as general and loeal. The insidious
onset 15 usually marked by the general disturbances which may
preeede by months the development of the Jocal lesion which has
given ifs name to what 15 certanly a widespread disease affecting
the whole artertal system, The patient falls ill, with fever, sweat-
ing, and mdefinite pains m museles and joints, There is progressive |
loss of wesght, which msy reach a severe degree, so that when the
disense is well established the patient may really be very il
mdeed. Headache may be wmtense and prolonged, snd present
an early obscure svmptom. It may be due esther to wtracranial.
lesions, or dircetly to the mflamed superfimal arteries. The con-
spicuons lesion is a swollen thiekened nodular temporal artery,
miensely tender, which s the source of severe pam. Its pulsation
is dumnished. The shan over it becomes red and there may be
local cedema.  One to three mches of its course may be affected.
Ssmlar affection may be found i the ocepital or posterior
anrieular arteries  Mifficulty w9 opennfr the Jaw 15 common and
may seriously interfere with cating. (2, 3).  The cervical glnds
may be enlarged and tender,  In some cases the disturbance 18
slight as regards general hewdth, and the local feston mald.

Crrnwrar Svwrrows. Headache, vertyo, nansea and vomiting
nay almost symulate cerebral tumonr,  Mental shuggishness and
confusion (4, delirum (5}, and coma may supervene (6}

Evg Symprons. Photophobia (7) and varying degrees of loss
of visian amounting sometunes to blindness may develop, The
aphthalmoscope shony snelling of the disc. obhteration or ischamia
of the arterioles, and the areas they supply, hasmorrhages, oratrophy
of thedisc (8). Botheves may beaffected.  Ptows has been noted.

Antemar Lrssons, Apart from those m the sealp and retina,
and, presumably, bram, arterttis has been noted i the arms and .
the legs. The assoctated vews have also been am olved {9).

There does not appear to be any constant clevation of the blood

pressure. Fhere 15 usuadly moderate anenua and Ieucocytom\.
4

The sedimentation rate is rased, sometuncs to high degree,
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sse in the protein content of the cerchrowpinal fluid has Teen
noted. The urine usually seems to be normal. The Wassermann
reachion 1s negative,” i

Pathalogy. 'The lesions are characteristic and ?nn easly be

studied by biopsy of the temporal artery. An {nﬂnq“mj“"')'

- process spreads in from the adventitia and develops in the middie
coat. Foral necrosts appears firsk, and is followed “3‘4 the growth
of granulation tissue, in which mant cells are conspicnous (u?
The mflammation appears to spread along the vessel. The clastic
coat may disappear, or new laycrs may be laid down. The intima
shows proliferation and the lumen thrombosis.

There is distribution of these lesions throughont the artenal

* system. Most of the large arterics ssere affected in somne nutopsies
including the aorta (11, 12)  The Kidneys may be affected too,
and alo the coronary arteries (9).

The cause 15 unknown. Focal sepsis in teeth and sinuses has
been suggested, and there may possibly be some link with the
former, for extrachion of tecth has apparently relieved some
patients and taused exacerhation in others {14).

Prognasis. The disease mav run a course lasting many months,
but most cases appear tn Teeover m the end, even though the
patient has appeared very 11} at its height.

TrEATHENT, Some rebef of pam is afforded by excising the
inflamed temporal artery {10)

Tt 1s evident that this 15 & generalised disease affecting all the
arterial system. In some respeets it may resemble polyarteritis
Rodosa. They have in common myalgic pains, arthralga, and
extenal lesions  The distnibution of these is ddlerent, being more
“visceral 1n polyartentis, Here there 1s polyneuritis, more severe
renal mvolvement, and a bad prognosis,  Headache and ocular
symptoms are not Th \} geitis oblj
2::0;:g:'l;‘:dt::\.§f:£‘:§,ml 'aftcnes of the Limbs, i particular of
e o e veins and nerves i there 1s more wide-

P ammation through all three arterial coats. The disease
s ?I‘ll:m;} :kflu:&wlely confined to men,
e histological changes of perjartents .
distinguish from those of tcmpof-‘al xrt::t:, "(‘)3: t::: \i‘}‘:t‘;‘lce“‘:h:;
are mort 3 - .
conspif':o:l‘;p(‘;‘:?:;‘?e and destruchive, and the giant cells are less
s
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Temporal Arteritis -

This uncommon disease was deseribed first by Horton, Magath
and Brown 1 1932 (1). The nffection appears to be more likely to
affect women than men. The patients arc eldorly or ofd. The
symptoms may be classificd as general and local. The insidious
onset is usually marked by the general disturhances which may
precede by menthe the development of the local lesion which has
given ifs name to what ss certainly a widespread disease nffecting
the whole arterial system, The patient falls ill, with fever, sweat-
ing, and mdefimte pains in muscles and jomts, There is progressive
loss of werght, wluch may reach a severe degree, so that when the
disease 15 well established the patrent may really be very ilt
mdeed.  Hendache may be mtense and prolonged. and present .
an early obscuse symptom, 2t may be due either to mtracrantal.
lesions, or direetly to the inflamed superficial arterses. The con-
spreunus lesiont 15 a swollen thickened nodular temporal artery,
ntensely tender, which ts the source of severe paw. Its pulsation
is dimmished.  The Jan over st becomes red and there may be
local cedema. One to three snches of ity course may be affected.
Similar affeetion may be found i the oceipital or postertor
aunrrcular arterres,  Patlieutty w openmiz the jaw is common and
may serwously interfere with catmg, (2, 33, The cervieal glands
may be enlarged and tender,  In some cases the disturbance 15
slight as regards general health, and the local esion nld.

Cenenrat Syypsous. Ileadache, vertigo, nausea and vonnling
may ahmost simulate cerebral tumour  Mental sluggishuess and
confusion (4), dehirium (5). and coma may supersene (8)

By Svwrrovs. Photophobia {7) and varsing degrees of loss
of vision amountiyy somctimes to blmdness may develop,  The
ophthalmoscope shows suelhny of the die, obhteration or sscheernin
of the arterioles, and the areas they supphy, hemorrhages, oratrophy
of the disc (8).  Both eves may be affected.  Ptoss has been noted.

Awtemiar Lusions, Apart from those i the sealp gnd rct\ixm.
and, prcsumably, brain, arteritis hus been noted in the arms and -
the legs. The associated veins have also been myalved (9

There does not appear to be any constant clevation of the blood

pressure,  There s usually moderate anemia and )cnmcytosxs{
&

The sedimentation rate is raiscd, sometimes to & high degree.
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. M .

Dislribu&lon. There is a tendency for the most severe lesions
o be found in the sbdonunal aorts. The scar of the ducl.m
Jotalli, and the spot where the intercostals leave, ave fav oﬂfll(;
Stes. Whether this is due to local currents, or mcvlmnu:n
stresses from the pulse wave is not known. The coronary arterics
are, of cousse, notoriously prone, and so are lh.c rc:-rehml. \\'h'nl-
ever causes operate, singly or in combination,” the following
pracess-is established.- The cholesterol evters are r:.n;gulrcd by
phagoeytic cells in the subantimal tissues. Small Y.m\ﬁ'. _\c.llf)w
streaks ean be seen macroscopicaly, Possibly there is a positive
chemotaxis favouring the deposit of these substances. “There
then follows a Jogal reaction of overgrowth due to srrtation (1)
The nhrma beeomes thickened aver the deposits.
calcify, or soften and break down!

Results. Two important results finally develop. If the nrlery‘
13 small, obstruction of its lumen may impair the function of the
tissues it should supply, as in the myocardum, the brain, or the
tadneys. The presence of the ‘lesions favours thrombosis, as in
the coronary or cerebral arteries, f

In addition, atheroma may affect the heart valves. Itis quite
cotamon in the anteror cusp of the mitral (2). But there is little
tuckemng  Simularly, the aortic cusps ate sometimes affected at
their bases. Both may eadedly, but the function of the valves js
not as a rule much affected. The filbrocalesreous stenosis of the
aortic valves is prabably another sort of lesion altogether {p. 61).

Diagnosis. In most cases the presence of the fesions cnn only
be inferred by theis effects, as i the coronury atteries. The
presence of atheroma in one place is no indica
nanother Radiology may heln
18 often seen aY the back of
Jomed it, Caleification may t

Later these

tion of its presence
formmeog &t en s

of the shadow elsewhere, " Apart 1rom caletfication, possibly
nerease m the densi e
Examination of the paly
of atheroma,

Some
ty of the shadow may be detectable.

~ }m‘f‘c arteries gives no clue to the presence
o o l-x;ccpt for it< tendency to prosoke Tocal ischenna,
15 pathalagieal process is not in itself the o i
e ause of serions
Ménckeberg's Dedeneration. The chacaeteristic lesion 15 3
calerdication of the mn]dlc‘ coat. This is found in the medium-sized
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Degeneratives Arterial Disease ;
Atheroma {Atherosclerosts), Atheroma is o local degeneratne
process. Deposits of chofesterol esters eollect mn the subintimal
tissues of the larger wternal arteries  There are severnl causes
which may Jead to its deposst. The first »s time. Atheromatous
deposits are first detected quite early 1w hfe, and as age advances
they become mare extensine  The sceond 1s pressure, The wear
and tear of a rarsed pressure seems to favour o, Thae ss notably
so 10 the pulmonary arterses, where atheroms 1s rare unless the
pressure s rascd, as m nutral stenosss and ome forms of pul-
monary disease.  Systemie By pertension favours the des elopment
of atheroma. but the relationsinp »» not constant; it may be
extensive although the blnod pressure s low. Chalestere! errculates
m the blood stream and 1s the sonree of the depewts, Hyperehol-
esterolamia would theoretically tend to cause them. but here
agawm the relationslup is vague. The disease ronat wore conspreuous
1 some conditians, stch as chrome gloumeralo-tubular nephritis,
« where there 35 & ugh cholesteral lev el Hut perbaps the tme factor
ss inadequate, The artifieral production of atheroma rabbits
has been achieved by feedmg with chalesteral . but the parallel
is not very close m man The predispasition may ke w the sub-
mtimal txs.sues : there sceras to be an inhereted habihity to the disense,
“the mherited bad tubing™ of Osler,  The distrbution of the
Iesions scems to depend on local mechanucal factors, but 115 not
+ clear what they are. Diabctes appears to predispose o the dvvc)qp
ment of atheroma. Thé arterioles are mmmune, and the arteries
of the Innbs tend to eseape, except prossmaiy .



'
Dlstribu{i0n. There is a tendency for the most severe lesions
to be found 1n the abdomina} aorta. The sear of the l\ucl.\“
Botall, and the spot where the intercostals leave, are favourite
sites,  Whether this is due to local currents, of mm-hnn'u:nl
stresses from the pulse wase is not known. The coronary arterics

ate, of course, notoriously prone, and so are the cerehral, What-

ever causes operate, singly or in combination, the following
process is established.- The cholesterol esters nre engulfed by

~ phagoeytic cells in the subintymal tissucs. Small raised yellow
, streaks can be seen macroscopiealy, Possihly there i» 8 positive
chemotasis favounng the deposit of these substances, There
then follows a logal reaction of avergrowth due to imtation {1).
The intima becomes thichened nver the deposits. Later these
caleify, or soften and break down/ |

Results. Two mmportant results finally develop. If the artery
35 small, obstruchion of its lumen may impair the function of the”
tissues 1t should supply, as in the myoeardium, the hroin, or the
kidneys. The presence of the lestons favours thrombosis, as in

-~ the coronary or ccrchral arteries. . .

In addition, atheroma may affect the heart valves, It is quite
commen in the anterior cusp of the mitral {2). But there is hittle
thickentng. Smilarly, the aortic cusps are sometimes affected at
their bases. Both may caleify, but the function of the valves 15
ot as a Tule mueh affected, The fibrocalearecus stenosis of the
aortic valves 15 probably another sort of lesion altogether (p. 61).

Diaginosis. In most eases thie presence of the lesions can only
be inferred by thewr effects, as 1n the cr:ron:xr_\' arteries.  The
presence of atheroma in one place is no indication of its presence
m anqther. Radiology may hedp. A erescent of enlerfied athcroma
5 f:fteq seen at the back of the arch where the ductus arteriosus
joined it. Calcification may be seen as lines just within the border
of the Sh:lflm's ebewhere.” Apart from calcification, possibly some
;wrease in the denruty of 'the shadow may be detectable.

Xammation of the patpable arteries gives na ¢lue

to the
of atheroma, Except for its tendency presence

i to provoke local iscluewmia, -
s pathological process is not m 1 p isehaemia,

conseduences, tself the cause of serjons
M@3nckehergte pas--  o¢ . -
caleif

» V ATHEROMA 887 oy
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arterses of the hnbs, especially the legs, the posterior tibials in
particnlar. Ossification may be found. With this 1s an associated
probferation of the mtuna, which favours the possibihty of
thrombosts, Study of the arteries in amputated limbs shows the
remarkable extent to which these processes may develop. The
formation of clot appears to be the final event. deciding gangrene
{3). The tirchenmyg of the walls of the maimn channel ebstructs the
mouths of the branches leaving . This disease 1s most commionly
seen i old ien. and 15 the cause of the internuttent claudieation
of the clderly  Senile gangrene of the extrenuties of the hmbs 15
the final complication,

ASSOCIATION Wity Diaasfrs,  There s no question that an
association exists, just as with atheroma {4). Conversely. patients
whose dinbrtes 1o controlled appear to be less bkely to develop *
artermat disease (5} When trophne changes set . the presence of
dnbetes aggravates them, and favours sepsis and gangrene,

Taparwext, The prncples are those given under thrombo-
angeitss, As these patients are old. sympatheetomy 15 hardly ever
justified. The chances of improvimy coliateral esrculation are not
good. Cantrast baths, m whieh the legs are mintersed u hot water
for about ten nunutes, and then m cold for two. may be tred.
Many cases run 4 very slow course, the dimmmshed aetivites of
ofd age nre more tolerant of mferior blood supply

Simple Arteriosclerosis, It i better to reserve this name for
artersal thickenmg whuch 1s not the mediat by pertrophy of hyper-
tension, nor the medinl degencration of Monckeberg. nor the
submtimal Iipody strophy of atheroma £t ss unfortunate that so
often 1t 1> employed wmdnernnnately for ane or all of these, The
dfficults apnes that these special types may be present as well.
As age advances the arteries show wear and tear. They ted to
1ose elastiesty and streteh, so that they hecome tortuons, A rertuit
amount of thickenng v palpable due to hbrows of the mddle
cont and some probiferation of the wtis and elastien. These
changes arc more apparent w men, parbicuiatly those who have
been manual Iabourers. White age » the chief ssociation. this is

verv variable; some very old men have the artenes normal for 2
mam beenty years younger. and the converse is frequent enaugh (6},
Kinking of the Carotid Artery. The right enrotul srtery i

women may become kinked and somew hat dilated. The appenr-
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", ance simulates an aneurysm. Most of these patients \m(\.‘ l: hz‘]::;
. tension ; occastonally there is coarctation, Others are o‘ u\‘ e
and somewhat kyphotie, Usually ﬂ}c norta 1> clevated & .
el d, and the | n of the te may be high.
There is nsually some stheroma, but not syplul}s. Shiagrams s.hmr
{he shadow of the artery at the npex of the right I\fn::, th(:nh
tay be worried by the pulsation, or cousciots of its thmhlmr_v.
“The cause s purely dynamic, " The condition is best Teft atone (7).

REFERENCES *
1) ’Anf« Par{.'. 32 507,

Dissecting Aneurysm of the Aorta. Thus lewon was fully
reriewed in Shennan's monograph in 1934 (1); since then a good
many cases hay e bieen recorded filhing 11 the detans of n compex,
bt well recogmsable chneal picture.

Prnataay, The constant finding is the eystic medial neerndie

PR .

« vgv ey vaduy ve stetl by the naked 3 e, Small lymphocytic
areas may be found, and some degree of prehferation of fibrous
tissue The eause of this mucoid degeneration is unknown, bhut it
has been suggested that there moy be an excess of n mmeoid
substance normally present w mesoblastic structures (3). The
intima and adventitia are nornial. Nesher syplilis nor atheroma
ore causes. The rupture may finally be precipitated by beeding
from a small vas vasormnm. A rent ocuurs in the mtima, most
commonly W the ascendmg portion, or at the junction of the
ascending and tramsverse; or at the junction of the transyerse
and descending parts of the arch, The tear is wsually longitudinal

mn the first part and transyerse higher up. (44
Tha fdar to—s -
up ¢ .
\\\\T.t w2 s dleury sSm may rupture into the
pericardial sae and couse a raprdly fatal tamponade by a gross
. hamopeneardium.  The aorta, may becane dilated and nn
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arteries of the limbs, especially the legs, the posterior tibials m

, particular. Owsifieation may be found. With this is an associated

probferation of the mtima, which favours the possibility of
thrombosis, Study of the artenies m amputated limbs shons the
remarkable extent to wluch these processes may de\clop The
formation of clat appears to be the final event, deciding gangrene

"(3). The tluekening of the walls of the mam channel obstruets the -

mouths of the branches leaving it. This disease is most commonly
seen s old men. and 1 the cause of the internittent claudication
of the elderly. Semle gangrene of the extremities of the limbs 1s
the final compheation,

Assocration witn Diaseirs, There 1s no question that an
assoviation exists. Just as with atheroma (4). Conversely. patients

whase dinbetes 1o controlled appear to be less hikely to develop *

arterial discase (5). When trophie changes set m, the presence of
diabetes aggravates them. and favours sepsis and gangrene,

Trearvext. The principles are those given under thrombo-
angettis. As these patients are ald. sympathectomy 1s handly ever
justified. The chances of mproving collateral circulation are not
good. (ontrast baths, m which the legs are mumersed in hot water
for about ten nunutes, and then m cold for two, may be tried.
Many cases run a very slow course ; the dinumished activites of
old age are more tolerant of infertor blood supply

Simple Arteriosclerasis. It 1s better to reserve tiis name for
srierial thickenming which 1s not the medial hy pertrophy of fryper-
tension, nor the medwxl d tion of Monckeberg, nor the
submtimal hpoidystrophy of atheroma It is unfortunate that so
often 1t 15 employed mdnernmnately for one or alt of these, The
difficulty arises that these special types may be present as well.
As age advances the arteries show wear and tear  They tendd to
Jose elasticity and streteh so that they become tortuous. A eertun
arount of thickemng 1s palpable due to fibrosts of the nuddle
coat and some prohferation of the mtimo and elastiea  These
changes are more apparent 1n men. pnrnrulnrh those who h‘\\’c
been manual lahourers, While age ts the chief aseae-* 15

* very vanable; some vexy ol ~- [
v e ? . o
B A 14 ... n(gnt carofid attery in

ant Mnlsed aud :ume\\hnt ditared. Fhe appear-
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of*the innomibate and subclavian may alter the pubes fn the
radials 3 im alsement of the carotid catses syfcope and paralysis
{11). If the renal arteries nre affected there may be anurig 'nr
hematuria {12). - )

The loss of the pubses in the legs 18 very important, and may
provide the diagnosis. The Limbs become pale anit cold and bluish,
and numb. Al power is lost and the tendon seflexes ase abolihed
(13) A murmur snd thrill have heen d{scri\wd over th‘c femoral
artery {14).

1f the dissechon spreads mto the perieardial sae death occurs at
once  Some interesting cases have been recorded where the
coronaty atterics have been affected. Inone theleft was obstructed
and an infarct formed {15), The tight hat been obstructed and the
electrocardiogram showed the changes due to posterior infarction
{16, 17, 18). When this happens the diagnosrs may be confused
with caronary thrombosis, ’

n the root of the aorta the valves may be rendered ir\compclml,‘
and new niurmus, $) stohie and diastolic appear. The left ventricle.
rapudly dilates and imtractable falure may come on (1), There is
usually some degreeof leucoeytosis and oceasionally slight jaundice,

Ravtotocy. The shadaw of the ancurysm 1v ustially scen on
the feft side of the chest The'outhne may be wregulae, and the

density variable. Pulsation may be changeable from time to time ’
or refatinely shpht {20).

Course axp ProG~osts. ~Probably nine casés out of ten die
very quickly, from rupture inte the pcricardial sac, or less often
into the left pleural sae (21). But it 1s clear that quite a number
sunive, and some surprisingly Iéng; recovery may be very

N f°"‘,“‘_°‘f and activity at o normal level for same vanme fom ' 4

[

L r e e cudnbied (2],

Dracxosta, The intensely severe pain, with its peculiar spread
may be charactenstie  The loss of power and eireutation in thc‘
legs, or the appeatance of aorhe murmurs and e idence here and
there of prcsslfre ellects are the posttise points  The abdominal
pam and vomiting may simulate a surgical emergency, hut th
npdity 1s not notable, The site of the Pain may s "es)\'c E
occlusion, 1;1{1 the cardiogram does nat as a Tule su]?[’:ntt it"’““m’)
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aneurysm form, without actual rupture in the ascending portion
{§). Sometimes in additton to the man rupture, small multiple
aneurysms nre formed {6).

Spreading m the other dircetion the dissection may even rench
the popliteal arteries (7)) Sometimes a douhle tube s formed, @
false norta. and the blood reaches the true aorta agam m the
abdonunal region.  Rupture may occur mto the left pleural sac.
"This 15 usnalty rapidly fatal, but survival with a hemothorax and
death from a second rupture after some months has been vecorded
(26)

1t will be seen that when 3 lesion sueh as this spreads so widely
@ great varety of effects may be produced. The ancurysn: may
cxert pressure on adjacent structures. or the blood supply to
organs may be mterfered with,

Crnvaear Frariaes . Men are alleetedd twaee or three as often
as vomen  The disease 1 very rare under the age of forty, but 1t
has oceurred at fifteen (7). Almest all patients have Jugh blood
pressure. The onset 15 sudden, and often assoctated with phy sical
stram or emotional disturbance

Pain of excruciatng mtensity, of 2 rending, tearing character,
comes on suddenfy. usunlly m the precordid arca. sometimes m
the hack. and oceasionally m the abdomen. or lnmbar region, 1t
tends to spread from the front to the back. or vice versa, and
down from the chest to the abdomen. and mio the legs. There
may be radintion to the neck. but not often to the arms, In smite
of the pam. the abdorunal muscles are not particularly ngd.
The pamt may persist for days. Oceasonatiy thers 5o no pam {23}
the patient develops heart fmlure with a aortia reflewx duce to
entargement {8} There is commonly shock and collapse, so that
the blood pressure fall, which may be nsleading (9). Vomiting
1s usual and may be severe.

PRESSURE O ADIACERT STrE ¢ TrentEs. Here, there nagood deal
of variation  Pressure on the great veins may cawse eVANOsis and
venous engorgement ; this may be asymmetncal and the venous
pressures m ihe arms may be different (10). Pressure on the
recurrent laryngesl nerve may cause aphasia; on the asophagus,
‘dysphagia; and on the lung, dyspnan, collapse of the left lower
-jobe and plcum\ cftusion.

INTERPERENCE WITH ARTLRIFS,

Involvement of the orifices



IL(\';\—'.!UD'S PHENOMENON 303

such as the duygtal. Tt is particularly due to exposure to cold,
Some peaple are more prone than others, and women much
more than men. The spasm of the nrteriole may shut off
the Hood supply entirely so that the finger l»cm'mcx white 5
or, if onty a httle blood 18 entering,” the stagmation 1s such
that all the oxygen is Temoved and the finger tooks blue.
Lewis (3) showed that the spasm was independent of nervous
~influences, and due to the reaction of the muscular coats of the
arteries to the low surrounding temperature. It is. in fact,
2 local disorder of the vaseular system (1) After a time intinial
pro\:fer:;tiun may mterfere gpermanently with the cireulation
through the affected arterics. Another suggestion has been that
there may alvo be vasodilatation of the palmar area which shunts
some of the blood from the branches (3}. But theaasoconstrietion
of the digitals 1s obviously the inportant point. . .
$ince the onginal deseription of Raypaud n 1862 which did
not clearly differentiate them, the name has been gwen to a
vanety of quite distinet conditions. Local asphyxia, which may
be folloned by gangrene, may result from thromlmanzeitis
obliterans ; fromn sentle artenal obliteration, syphilitie arteritis,
and octasionally from the syndrome associated with cersienl nb
Hunt (1) describes the phenomenon in ten different conditions ;
A, Occurning alone,
Normal persons on prolonged exposure o cold.
. Hereditary cold fingers,
3 True Raynaud's disease, .« *

4. Local trauma, such as vibration. '
. -
5 Sclerodactylia (Acrosclerosis), after prolonged isehemia
for years - N
C. In the course of the distinet diseases gwen above,
. Thromboanyeitis obliterans,
7. Arterniosclerosis. :
8. Syphilite artertis,
)

*“Rheumatie” artentis,

10, Cervical b,

Some miscellancous conditions, such s scleroderma
lupus erythematosus, polyeythamia, tabercle ’



There is usually less fall in blood pressure. A sudden embolism
at the aortie bifureation nught cause the sy m}\(ums if the legs, but
the pain would be exclusively erural.

The “szlcnt case,” which has healed is most likely to be confused
with a s) philitie aortitis, if the lesion is confined to the arch, and
there is aortre reflux; and & negative Wassermaim reaction will
not exclude. The sudden development of scrious incapacity and a
new murmur may suggest the diagnosis (22).

TrEATMENT.  Absolute rest, and morphia m full doses way
prov ide a chance of healing, and recovery may he greater than the
desperate nature of thc case may at first suggest.
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Raynaud’s Phenomenon

“De Yasphyxie locale, et de in gangréne symmétnque des
extrémités” (Raynaud 1862)

More rccentlv this state has been well defined as “attacks of
dead fingers or toes, brought on b\' cold. withont obhteration
of the pulse, or massive gangrene’” (1).  Another definition x;
ntermitient spasm of the dyntal arteries. with ar without loca

natritional changes” {2}, There 15 active closure of the arteries,
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of the underlymg tissues 3 with great stifiness. Similar ehanges
may he seen in the sk of the face_and chewhere on the body.
“w’hz\w\s Ahe use of the term “actosclerosts” would better d(-qui
e conditron when restricted to the fingers, and seelerderma’
where it 1 duffuse, The vascular changes associated with this
condition are described elsewhere {p 103). The Ray naud phenom-
enon may be conspicuous i seleroderma and dermntomyoutis, In
acrosclerosts pain ts very troutiesome. Tmally the finger shrinks
and nutntional changes become severc. In about threc-quarters
of these patients there is localised seleroderma of the face (3).
: How far an terosis Jeads to digital

or how far ischmmic spasm is the primary cause, is undecided.
Ve can suppose ihat the selerotie changes ultimately beeome the
dominant factor. Lewis found pathological ehanges in the digital
arenes. - . > :

Finally, es artenal sclerolts and thromboangeitis are dealt with
fully elsewhere, a word may be said about syphiline arteritis.
Thewe cases exhuibif “the Raynoud phenomepon; there i
paroxy smal hemoglobinuria, and changes in the enrs and nose ure
frequent, The incidence is usually among younger patients, The
Wasserman reaction 15 positive, '

“Rheumatic” Artentis (Iunt} is said to be warhed by the
Raynaud syndrome arising after sore throat.
CervicaL Ryp Syxprodie. It 1s amportant to recopmise
, tlus because of the possibility of relief (8). A ‘u»rviml rib
may damage the wall of the subclavian artery. There 15
comptession by the rib against the sealene muscle or the davide.
*In some cases the artery and vein may he compressed between
the clavicle and the first b, The differential diagnosis may
e made by paralysing the sealenus anticns wath loeal anasthetic
(9). Incliming the head to the affected side relieves the ain,
Brating back the shoulders may provoke the attack, llr)\tur:
_ ference with the brachial plexus may cause wasting of the
smaller hand muscles; there is pain on carrving weights, A
skiagram clinches the diagnosis of cervical rib, Ra; 'n‘ ]l'
_ phenomenon 'may be seen in the fingers. ) Fmands

; - Tufltmem. Drugs are not really
‘ iyran etn -

ellective. Panasasine (Y gram)
actical (10).
. Asuitable
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3. It s the wsual physiologieal reaction, of the exposure be

rolanged enough and severe enough. X

2. Hereotranry “Deap” Fixesns, Far the commonest type
s found under “hereditary eold fingers.” Tlus reaction is probably
wesent 1n some degree 1n 20 per cent of persons {8), The aflection
1 usuaily tovial, males are affected as often as females; and the
anset 15 usually m chitdhood s several members of a family are
often subject to 1. AN grades of attack may be expenenced
Often the distmbution is asymmetneal.  Patients must aveid
exposure to cold which cnuses the spasm, by wearmng suitable
clotlang and so forth, A often as na} this 1s & counsel of perfection.
and the disabibity or inconventence is not severe enough to warrant
resunciation of pleasure, or the acceptance of tiresomre restnictions
and habiis; or else the manual routine makes st impossible to
aveud some degree of expesure, Drugs are probably of hittle aval.
Hyperthyroidism o1ll certamly rehieve 1.

8, True Raynaud's Discase 1s probably rare  But some writers
have certamnly ncluded many of the severer vases of Group 2.
Here the onset 15 later, women are almost exclusively affeeted; |
the course 1s severe with progress tonwards grave disability and
nutritional changes, leadng to superfictal meerosts and somebunes
gangrene.  The resultmg searrmg becomes very troublesome.
Occasionally lesions of tie nose and ears and cheeks result, 85
well as m the fingers and toes

Whether this 1s & true distmetion between this condition and

.
the myilder and commaoner one of dead fingers ts as yet unsettled |

The merdence of age and onset and the course suggests that the
two are different. On the other hand, the chmeal prcture seems to
give no line of distinetion

Vinratiox. An interesting tvpe 1» met with m workmen who
handle vibrabing tools, snch as riveters and pnenmane dnlls (7)
But here, too, the eaposure to cold 1 the more important cause.
whether from the exhaust or the cold metal, rather than the actua)
vibration.

5. SCLERODACTYLIA, OR ACROSCLERGots, Cases can be graded
in degree of severity i an unbroken series from trfling transient
jschamia on prol d exj ¢ o cold, te .thc severe :mfi
persistent changes of sclerodaetybia, with much pain and dzcablh‘t};
Here the skin becomes tlnck_and wizened, and there 1s t)s}ckcpl‘i,

3

¢
3

s

1
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tion is rought on by exposure to cold. When the hand is warmed
the circulation returns and the shin becowes red and warm. .
Severe chilblams are common, Gangrene does not occur, The
pulsation in the arteries 15 normal, for nothing 1 rev cnlf'd by the
osallometer. On wartming, the temperature of the shin rises in the |
usual way, <o there is no impairment of vasadilatation.

Microscupical examination shows spasm of the smaller artertoles,
with dilated eapillames, N

The condition may be akm to the Raynaud syndrome. Hym-
pathectomy, however, grves some rehef, so there may be an
increase in v asomotor tone, in addition to some intrinsic sensitivity
to low temperature {2). Cutancous injechion of 171000 histamine
ghes a wheal in tios condivion, but net in oy nand’s disease,
Lenis (4} coneludes that in these cases there is an unnsual degree
of susceptibibity of the small arteriotes of the skin to cold. In the
nunor grades 1t 15 a common ailment borne by many people. It
15 ont fraportant to keep the hands and feet warny, by wearing
smtable coverings, aderquate shoes, and woollen stockings instead
of silk, with gaiters in cold weather.

Telford (3) hias found that preganghomc seetton of the wlate
rami of the upper sccond and thisd thoracic nerves will provide

relief It may be sell worth while 1f intractable ehulbiains persist
and eause much nusery,

N REFERENCES
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" . Feart f, 28, 780
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Erythrocyanosis

This 15 a reddish-blue discolouration of the' shin in young -
women. affceting the legs from sbove the ankles upwards, It is
very rare in males. The skin 1s purpluh and ¢old,

The minut
vessels are diated, and the arteriales are constriet :

TS I
There may >+ e
formaswol
and pipmer «
st spulLIes ean be
may be severe. The nodules may bm‘;’: e be el llrhmg

e down and for,
Pawm may be intense, and & considerable degree of dls.\bil:;;- ‘;::‘:)st
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chimate may occasionally providd the solution if the patient is
hucky. Otherwise avoidance of manual work that causes exposure,
and suitable clothing for hands, Tegs nnd feet must be worn when
the temperature 1s low,

If these measures are not effectual. and trophie changes are
settmg m, with mterference with the use of the hands and mueh -
pam, sympathectomy must be considered. By this means the
normal vasomotor tone s chnunated and so this degree of
lindrance to maximal errculation of blood s removed. Pregang-
Bame sympathectomy. or ganghonectoms ., ncluding D, for the
arm, relieves, but the wnderlymg abnormahty n the vessel wall, .
s yndue sensibihty to eold. remams.  The grade of relief is
probably related to the grade of abnormahty present before
operation.  Attachs are less severe and less easly provoked at
first (11). The resubting degree of vasodilatation sqon tends to
decrease, For the most part m thesé cases the operation will be
done to relieve the bands  Actually, the results of operation for -
the disease affeeting the legs are better. It s smportant that the
patient should realise that a Horner s sy ndreme will result, and
the hands will hecome very dry, Bilateral lumbar sympathectomy,
mnclucing L, mav cause stershty m males,
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Acrocyanosis
This 15 a functional vascular dworder affecting manly young
women. The bhuieness of the extrermttes of the hmbs s usually
Intateral and symmetnieal. As a rule the fingers are sffected, and
the disturbance reaches as far as the wests The ears and nosemay
also be affected.
These s very little change m the appearance of the skm on

changing the posture of the lunb (1), There ss no pun. The condi-
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Towers the threshold of the pain'nerve entings to tension and _tn
heat. Such pain was found m patients with cr_\l.hmcynnm.\:, v

" thrombo-angeitis and senile gang Tension was the chief
“cause. as the temperature of the foot did not nse. Tenderness was
present and friction could provoke pain,

- These cases are not true erythromelalgia, although the painful
sensations afe similar to those complained of in that dnense.
Lewis (6) 1ia3 suggested that the name should be chanped and -
“Frythralgia™ substituted (redness and pain).  Another tcrm

“Ersthermalma,” refernng to the warmtly, has alo been
suggested (3)
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Arteriovetous Aneurysm
Locally there is pam, and verhaps disability depending on the
site. There may be throbbing. Pulsation, a theill ang murmur - *
are the cm:dmal signs, with some enlargement of the veins. The
interesting peints are the changes which occur n the cireulation
as a result of the arterio enous fistula 1.,
, If the commumication develops in n himb before the epmplyses ©
unite there is fikely to be hypenmphy. The artery proximn.l to
the fistula shows atrophy of the middle coats; further on it 15
. small and the pulse weak. The yems distal ta the opening become
greatly enlarged and tortuous, The oxygen content of the venous
blood 15 increpsed @) -
Hamodynamics. There s an jnerease in the cardjac nutp:n. B
there 1s an increase in the blood volumie (3). The arterial pressur:r
tends ta fall, and the pule rate 1, rise. The work of the heart j, '
considerably inerensed, perhaps 25 per cent..The venguy pred .
tends to mse an the Jater stages. The heart heceo Mg,
i.n}e: the systolic pressure tends to rise and the lh:z:liccn:::‘;cl‘}.
0 the final phases th i 3 .
Temporary clx;sure \]0‘9‘_’: :Shcd"ﬁl:]u " cﬁngcst.)ve licart fulure. :
preseme, © . pulse and rajses fhe duastolie
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The disease is found in patients with fat lefrs; in fact, the patients
tend to be obese and florid. Thin legs are not affected (1). It is
probable that a deficient venous return, with vasoconstriction |
-from exposure to cold in a fat himb, are the important ewses.
A subcutnncous nflammatory reaction then results, A parallel
may be drawn to smular conditions seen in hunbs affected by
antenior poliomyelitis,  Good results have been obtained from
bilateral lumbar ganglionectomy in severc eases. Mild eases may
respond to protection from cold. As-Lews remarked, the discase
came in with short skirts and a1k stockings. and 1t will go ont with
them.
REFERENCE
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Erythromelalgia

This very rare disease, consssting of & “pminful redness of the
Lintbs,” was desertbed by Werr Mitchell in 1878, Since then the
term has been used rather looscly for several different conditions.
When the feet are dependent they become very pamnful and hot, -
so that the pressure of the shoes 1s mtolerable and walking almost
impossibie. When the legs are raised the pan s relieved  Thepam |
15 burmng m character and of a pecuharly mtolerable wtensity.
The foot beconies red and the pulse 1 full and bounding. Onlz{ .
observer (1) found that during the attack the temperature of the
skin rose. The hands might be affceted  Rlevation of the b or
cold relieved the pas The rise ne temperature has heen confirmed
{2) The entieal level hes between 32° and 36°C.  There s free
mflow of the blood. for the ovgen content w the venous blood
leaving the part s high. The small vessels appear to be deficient
m tone and are distended by hydrostatic pressure (3). Under the

_ capillary nucroscope it can be seen that the eapillaries are enlarged
and mereased m number (1), The cisease may oreur in associrhion -
~with polyeythensa. Some rehief to the pavt may be afforded by
.spirm {2). Inhalations of adrenabin are reported to be effective (?)‘

The wtiology of “burming™ pam was mvestigated by Lewis (‘a)-
Pain was provoked by warming, cochng, or friction, and s!relclu.ng
of the skin. An mflammatory process may be assocrated with

this sort of pain. The tissues are thenm susceptible, state; n‘nd
they are Mtimulated by some substance released 1 them which
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‘Thrombophlebitis

Venous thrombosis may result from inflammation, injury, or
stasis, from certain abnormal conditions of the bla.od, s‘."‘h as
after hwmorrhage,'in polyeythuma, and after such infections as
poeumonia and typhoid fever. . N

Superficial Phiebitis. This usually oceurs in a superlicial
varicose vein, and is due to an abnormal condition of the intima
aided by stasis, and perhaps trauma. The thrombosed vein is -
sore and tender, and the shin over 1t reddened. Gout is sometimes
a cause. There is no danger of embolism. )

_Thrombosis in & previously normal vein is quite a different
matter. The thrombosis is due to.infection. and a septic embolus
is hikely to hecome detached. There may be soreness along the
saphenous vemn in the calf or thigh, for example. A small reddened

, patch of cellulitis can be seen and a shght brawny sweling feit.

It1simportant to insist on rest in bed to avoid the risk of embolicm,
from twd to four weeks.

Thrombosis of Deep Veins.

Thrombosts “due to injury is
seen after fractures.. Deep thrombosts of femorat or pelvic vens
, comes after abdominal and pelvic operations. , Fractures of the
li‘emut with the prolonged 1mmobilisation of the part favour the

and fon of the thrombus up to the thae yeims.

Earher mobilisation and getting up after operation should redure
the Likelihood of occurrence.

Thrombophlebitis of deep veins 1n the leg may cause very gross
cedema, which never completely clears up :

Primary Thrombosis of the Axilliary Veln. It seems Tikely

that Compression of the subclavian vemn by the clavicle against
the first nb and subclavius musele 15 a cau

v lavius se. Bodily bulld may *
avour !}'m compression in some people. It occurs when the
. elav m}-e is moved backward (1), In one group of cases 1t is a
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Pulmonary Lesions. An interesting variety of arteriovenous
communication, of congemtsl origin, has been deseribed in the
Iungs.  The complmnt s dyspneca, cyanosis and giddiness.
Polyeythemia may be quite high (4), There may be clabbing of
the fingers. There are physical signs of a mass m the fungs, and
over 1t there 1s o focalised but continuous rushing murmur, The
skiagram shows a shadow  one lung which sprescds out from the
foot and may resemble a bunch of grapes. Caleification may be ~
present {5). The wiial capacity s reduced.  There may be an
inerease 1 the blood velume, up to 50 per cent (6} Anintravenous
uyeetion of 70 per cont diedrast guves a dugnostie outhue.  Many
small aneurysms may be present (7). Pneumonectomy has
successfully cured some of these cases. but both hings may be
affected.

When the arterioyenous opemng 1s closed all the abnormalities
disnppear  Eagation of the vessels mtroduces httle danger of -
gangrene as the collateral cirenfation 1s so good It would appear
that hgation and evewston of the artery and vem grves the best
results. But the surgical iethod must depend on loeaf factors (8).

A somewhnt sumlar state of affaws eccurs m s patient with
Paget's disease (ostettts deformans), who may have congestive
failure. In one such ense the eardiae output was greatly rased,
as also way the pressure m the nght auncle  The pulse pressure
was fugh  The cause was the enormously mereased flow 1 the
vasculor hones It was estimated that the flow of blood m the
bones was tuenty tunes the normal.  The vasculanty of the
affected bones produced results comparable to an artepovenous
aheuryamn (D)

Rlippel-Trénannay Syndrome. The notablke powt 15 the
overgrowth of one hmb. or all one sudc of the body (hemilyyper-
trophy). This 1 due to enlargement of artertes and vens; the
former amounting to ewsord aneurysms. and the Iatter to gross
varicosity, almost angeiomatows m eharacter,  There 13 also
superficral nrevous capilffary dilatation  There 18 probably free
commumeation between arteries and vems. Thrills and ursTS
are detectable, There is cedema and gross vancose vieerstion as
a rule. The hones show mercase of vaseulanty m ﬂxF shingram, ‘

The cause appears to be congenttal abnormahities in alt typc's of
blood vessel. Climeally it amounts to an arteriovenots fneurysnt
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On account of the farly high incidence of dangerous or intal

bolism after postaperative thrombosis, hization of the femoral

vem (7) may be combined with the use of heparit and dicoumarol.
Unfortunately it is often the case that the dangerous and {atal
clots are those which form in the pelvis, and whose presence s

” quite unsuspeeted until the disaster has occurred. It has bren
pointed out that a source of dangerous thrombi, which form at or

. soon after operation may be found in the veins of the ealf. Pressure

may © »table, or aftersards in
bed. An indefinite pain under
the ¢

© sellng and thickening,
a lettle cyanosis of the foot are easily overlooked These clots are
more dangerous than those of the femoral vcin extending up to
Pouparts ligament (8). ° .

How far these

x will check rrences of the
migrating type of thrombosis 1s not yet certain. - There have been
some disappontments, but there seems to be an accumulating
waght of evidence that post-operative thrombosis can be con-

trolled by these mcans, and the risk and incidence of pulmonary
embolsm lowered, )

‘REFERENCES . N
.l, ‘S:\msu'j {1943)  Amer Heart J.25.31)

Cova erwamg g aed, 224, 930,



o2 “ASCULAR DISEASES

comphieation of heart failure. This may give rise to embolism. In
soie patients there may be malignant disease within the thorax
(2). Some cases occur in heslthy young men, It often comes on
after exercise, such as rowing. In many cases trauma, often slight
and forgotten, seems o have been the cause. The arm and hand
beeome swollen and eold, and the superficial veins are dilated,
showing a collateral circulation. The @dema does not sbways pit,
50 there 35 probably Iymphatic obstruction as well as venous. The
fesion 13 more common in the night arm than the left. Ths does not
apply to left-handed persons (3}. Recovery is usually complete.
Embolism s unlikely ().

Thrombophlebitis Migrans. Phielntis of superfial vess,
and also of deep, sometimes ocewrs in recurrent attacks. Ocens
sionally there ts pulmonary embaolism, which may be the first
symptom. In other éases there is cerebral thrombosis  Males are
‘usually affected  The condition may be associated with tirombo-
angeitas 1t has been held to mdicate latent cancer of the stomach.

Resvurs or Pruepms,  The obstruction to the ven rases the
venous pressure distal to the block  This leads to increased out-
pouring of flmd mto the tissue spaces, and the formation of
cedema.  There 1s probably also some degree of venospasm, and
also reflex arterial spasm, which reduces the mflow, This 1s not
always present, as sometimes the affected hmb 15 the warmer.
Anoxenna will further damage the capillary walls if 1t 15 present.
"Fhere is also stowing up of the Iymph flow., When the aeute phase
has subsided, arterial spasm goes. The resulting aedema may be
pitting or hard and non-psttmg  The vem muny then start fo
recanalise, and collaterat vems wilf open up  The hmb should be
elevated to md the senous fiow. The foot should be flexed and
dorsiffexed from tune to tine.

Anticoagulants. Heparie and Dicounarel have been exten-
sively used in order to prevent the extension of the thrombotic

pracess {see p. 213).
There 1 usually guick rehief of the pam in the thrombosed

Itmb {5).
In view of the chronie and recurrent course of sorue cases of
it may be advisable to contimue the treatment for three

hiebitis, c
z Dicoumarot should not be used where there is

or four weeks.
varicose uleeration {6}

\



AKTICOAGUI‘.!.\'TS 103

On account of the fmrl) high sncidence of dangerous or fatal

bolism after postop hrombows, hgation of the feworal
véin {7) may be combined mth the use of I\ep'\nl\ and diconmarol,

Unfortunately 1t is often the case that the dangerous and fatal
clots are those which form in the pelvis, and whose presence is
quite unsuspected until the disaster has occurred, 1t lias been
pointed out that a source of dangerous thrombi, which form at or
soon after operation may be found 1 the v eins of the eall. Pressure
may imtiate the trouble, en the operating table, or afterwards in
bed. The local signs may be very slight. An indefinite pain under
the ealf, with shght tenderness, some swelling and thickening,
a little cyanosis of the foot are easily overlooked. These clots are
more dangerous than those of the femoral \cm extending up ta
Pouparts higament (8) -

How far these anticongulants will chech recurrences of the
migrating type of thrombos:s is not yet certain, - There have been
some disappointments, hut there seems to be an accumulating
weight of evidence that post-operalive thrombosy can be ton.

trolled by these means, and the risk and incidence of pulnmnmy
embohism lowered.
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comiplication of heart failure, This may give rise to embolism. In
some patients there may be malignant disease within the thorax
{2). Some cases occur i healthy young men. It often comes on
after exercise, such as rowing. In many cases trauma, often slight
and forgotten, seems to have becn the eause. The arm and hand
become swollen and cold, and the superficial veins are difated,
showing & colateral cireulation. The eedema does not always pit,
s0 there is probably lvmphatie obstruction as well as venous. The
lesion is more common 1 the right arm than the left. This docs not
apply to left-handed persons {3). Reeoverv 1s usually complete,
Embolism is unhkely (2}

Thrembophlebitis Migrans. Phlelatis of superficial 1eias,
and also of deep. sometimes oceurs in recurrent stiacks. Occas
sionally there 1s pulmonary embolsm, which may be the first
symptom, In other cases there is cerebral thrombosis  Males nre
‘usually affected. The condifion may be assocmted with thrombo-
angeibs, 1t has been held to idicate Jatent eancer of the stomach,

Nzsvers oF Puiesirs  The obstruction to the vein rasses the
venous pressure distal to the bloek,  Tlns leads to mereased out-
pouring of fimd into the tisue spaces, and the formation of
cdema, There 1 probably also some degree of venospasm, and
also reflex artenal spasm, which reduces the mflow. Tins is not
always present, as sometimes the affceted lumb 15 the warmer

© Anoxemia will further damage the capiflary walls of it 1s present.
There is also slowing up of the lymph flow  When the acute phase
has snbsided, arteral spasm goes. The resuiting cedema may be
pitting or hard and non-pitting  The ven may then start to
reeanglise, and collateral veins will open up.  The linb should be
dlevated to aid the venous flow  The foot <hould be flexed and
dorsiflexed from tme to time.

Anticoagulants. Heparin and Dicowmarol have been exten-
sively used m order to prevent the extenston of the thrombotie

process see p. 218)
There is usunlly quic

timb (3).
In view of the chromie and recurrent course of some cases of

it meay be advisable to contmue the treatment for three
Ls. Dicoumarol showld not be used where there 15

k rehef of the pan 1n the thrombosed

phiebitis,
or four weel
varicose uleeration {6).

.
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of the heart are weak, "There may be light eyanosis of the finger

nails and ears. The eyes may be sunken and the evehalls ﬂncc{(‘,

if dehydration is severe. The output of unne falls, almost to anusia.

Atlology. 1t may be cony enient to give a Tist of the ?mthc

causes underlying the pathogenesis.  One can then consider the
main physiological derangements which are prestnt {1, .

1. Necrooexte.  Derangement of the vasmmnolor centres by

d stimuly p g in “primary shock.”’  Vaso-

constriction is the initial reaction.

2. Hasarocexic. Loss of fluid from the cirentation predomu.
nates here. {1} Seteré hamorrhage duc to trauma moy have
oceurred, whether by open loss, or 2s a result of the local damage
associated with gross skeletal trauma, (2) Burns may have been
extensive, causing profuse Joss of plasma. {(3) Hydraulic. In
some cases dehydration may be important,  Loss of fluid by
severe diarrheea, as in cholera, polyuria in diabetes, and peristent
~ommting, may be important eauses of depletion of the fluid in
circulation, Profuse sweating is another cause of the loss of much

fluid.

8. Toxic or.VasocEsie. Severe toxwemia in some infections
paralyses the vasomotor system and may affect the vessels directly,
as m diphth lia and p N

To summanse, the result of these causes 15 that there s a
discrepancy between the blood volume and the size of the vasculag
system. The result 5.2 deficient supply of blood to the organs of
the body (1). :

“ Wound Shock, It is in cases bt trauma, so common of recent

years, that the hzmodynamies of peniplieral crreulatory failure

have been most extensively investigated, briefly named “wound”

shoek.” The maw subjects for observation are: (1) the Wond

Solwma tava. -

W

pr 249 sns s bl Lie pulse, and the Tevel of the blood

pressure, and the filling o

preses Sl,:m e thn:utl;;.hc veinis, and the state of thc’vcssrli
Dreneast 13 tne Buoon VoLurwe,

 Teduction ya the Bood volume,

of loss of Blood through bleeding

burns and crushing injunes,

" Tn traumatic shoek there is
This 15 usually the direct result

(2). Insome contlitions, sneh oy’
the Joss 5¢ ohinfte S o3 1



. CHAPTER X111
FAILURE OF THE PERIPHERAL CIRCULATION

Tug easualties of the secontl world war have stimulated further
the interest in this type of cireulatory failure which oniginated
thirty vears ago, and a great deal of information has been accunmu-
lated by means of new methods of investigating the circulation.
The expression “shoek™ 15 short and convenient, and is used as
'+ & synonym for peripheral eirculatory failure, but it introduces an
“idea of violent traunih which is not necessarily a donstant cause.

It was first made use of to describe the state of what Cannon used

to call “primary shock,” i which the stunning effeet of some gross

injury produced a vasomotor colapse of a syncopal character,

“Sceondary shoek™ was the term used to describe the later features

of peripheral erreulatory fadure, The word “shock” has come to_

stay; even if its meaning has been transferred from a name of the
cause to a description of its effect, for the longer name is rather
cumbersome, if move precise. It must be remembered that many
. causes arc involved, and the duration of the state of shock, and

the rate of its development, modify the clinical preture to a

cansiderable extent, The condition 1s not usually statie, but likely

to become a progressive vicrous sprral which may end in the death
of the individual.

Clinical Picture. In many respects this is fairly constant, but

may be modified a good deal by the degree to wlich certain
variable factors may be present. The patient is apathetie. set
often well aware of what 1s going on. Sometimes there is restless-
ness. Pain may be severe, depending on the extent of the injuncs
that may be present. There is usually thust  The aspeet is pale,
whether from Joss of blood or vnsoconstriction, and the skin
generally coal, and there is often profuse sweating There may be
air hunger if defietency of oxXygen s grave, The temperature is
often sybnormal.  The pulse wenk and “thready”; usunlly it is
- fast, but the rate varies ; the blood pressure tends to be low and the
Y <sure small, - The cervical veins are empty and the sounds

< pulse pres
404
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The fall m the pulse rate and the vasodilatation are the
wmportant changes, for the nctual stroke output of the heart dm:s
not tend to fall any further in these syncopal attacks {3) ATIns
sudden fall 1n pressure may oceur after the removal u'f refatively
small quantities of blood, as a result of an ahrupt fmlm:c of the
penpheral resistance (7) B

Later Results. Cauptac Ourrur, After a large haemorrhage,
the effects are as given above. In less severe cases an adjustment
15 effected which reproduces the state of affairs found 1n severe and
prolonged anzemia. Then the cardiac output actually rises, 1n

“spite of the fact that the blood volume is still low (8). Tow thisis

achieved is not clear, but some veno;

pressor mechanism may be
at work

HzsoniLurion. Adjustinents take place in the solume of the
crculating blood. Imtial estimations of the degree of anenua
resultmg from severe hemorrhage are apt to be misleading, The
hamoglobin level only falls at first to 80 or 83 per cent after
a foss of over two punts, so that dilution 1s only of the order of
15 to 20 per cent. Full dilution does not occur unt)l some forty
hours after the loss of blood (0f (7). These powts introduce
+ techmeal difficulties in estimating the blood yolume, Insuflicient
mixing may oceur, or dilution or loss of blood may take place
during the estimation, so that samples vary,

. RexavFunerion. In shock, from whatever cause, the exeretion

of unne is very seanty, It has been *shown that the rate of
glomerular filtration and the Now

of plasma through the hidneis
1s reduced (10). Thus it 1< eyadent that the low excretion is not
merely due to a low hlood pressure., The reaal flow falls to about
one-tenth of the total blaod flow, although in the normat Peron

cureulation as a whole by
output from the kldne)s’, or there oy e some g arise
cireufation within the kidneys.
culation does not actiyate the ren:
bikely that the demonstration g
dney, which acts 2 o by
of Trueta'and his felloy

al pressor mecharusms, 1t seems

£ a secondary cireulation m the
Pass to the reng} cartes, as the result,’
WOrkers nt #ha wr e oo
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.

rather than of the whole blood, This paint introduces certain
differences which will be considered later.

Cuanors v TE VExous Svstes, - The state of oligieniia leads
to the following results (3): Reduetion m the volume of the
cireulating blood causes a decrease an the filling of the veins, so
that the retumn of venous blood to the heart 1s reduced., This
causes a fall in the output of the heart, It 15 possible that other
factors mfluence the efficiency of the vefious return, apart from
the volume of the venous blood returming.  "The laek of muscle tone
and minor muscle movements may awd pernspheral stagnation. This
#» the fasture of what Yandell Henderson has ealled the “*tome booster
pumps” (4). The result s that clinteally the vems appear empty.

Craxeps v T, Arteaisn Circvzariox,  Three pomts have
to be considered here. As has been noted, the cardme output
fails, This fall sn output tends to lower the artenal blood pressure.
The level of the blood pressure depends on three  arable factors,
(1) the viscostty of the blood. winch ean be onutted for the
moment ; (2) the cardiac output, which s falhng, and {3) the
resistance due to the tome contraction of the periplieral artenioles.
The outpat ean be measured gecurately by eatheterisation of the
right auricle, using the Pick prineple, and the blood pressure s
eastly ascertmned. The penipheral ressstance can then be gauged,
It v apparent that there 15 a rise m the pevipheral resstance,
which ts no doubt an attempt to mmmntain the bload pressure, Just
as aceeleration of the heart helps to mmntam the nunute volume,
The pallor, and evident vasoconstriction of the superfieial vessely,
are chimeal evidence of the method whereby the perspheral
resistance 18 inereased

These are the mmn features of the penipheral creulatory fmlure
which are eharactensstie of shock whatever the cause.

VasovacaL Rracrions. MeMichael (2} and Richards {5) powt
out that further reactions may occur  These may be desertbed s
vasovagal. The aceeleration of the heart gives way to slowing,
and the blood pressure falls profoundly. This drop i pressure

, sppears to be due to # vasoditatation in the vessels of the skeletal
muscles {3). This reaction was demonstratedt i the forearm
mwscles by the plethysmograph, and i browught abaut by the
autonomue nervous system, for blockmg the mmn nerves wath

Jocal anesthetie abolishes it (6).
- *
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The fall in the pulse rate and the vasoihatation ate d\\m
important changes, for the actual steoke output of the heart (;c.‘
1ot tend to fall any further in these syncopal attachs (3). This
sudden fall in pressure may oceur nfter the remoy al n‘f relnm'c‘ly
small quantities of bood, as a result of an abrpt faifure of the
penpheral resistance ). - -

Later Results. Carpric Ovteut. After a Jarge liemosthage,
the effects are as given nbove. In less severe cases an adjustment
s elfected which reproduces the state of affairs fonnd in severe and
profonged anmoma. Then the cardiac output actually Fises, 1n
spite of the fact that the blood volume 15 still Jow (&) How thisis
achieved is not cléar, but some venopressor mechanism may be
at work,

Hzvoonemios. Adjistments take place in the volume of the
errenlating blood. Initial estimations of the degree of sn.emia
resulting from severe hwmorrhage are apt to be misleading. The
hamoglobun level only falls at fiest to 80 or K3 per cent after
a loss of over two pints, so that dilution js only of the order of
15 10 20 per cent.  Full dilution does not aceur unhil some forty
hours after the Joss of blood (9) (7). "These points introduce
technieal difficulties in estimating the blood volume, Insuflicient
Tmivtng may oceur, or dilution or loss of blood may take place
durtng the estimation, so that samples vary.

. RexwFoverox. Tnshock, from whatever cause, the exeretion
of unne is very scanty. It has been ‘Sown that the rate of
glomerular filtration and the flow of plasma through the kidneys
ts veduced {10). Thus it 1s evident that the Jow excretion 15 not
merely due to 3 low hlood pressure,, The renal flow falls to abont
tme-tenth of the total blood flow, although in the normal person
A\ Test one-quatter of the total Hlood flow passes through the
Kidneys 1t would appear that there is & vasoconstrictor action of
the renfxl arterioles which inay have a beneficial effect on the
oredlation as a whole by shunting » proportion of the cardiae
output from the hidneys, or there may be some change m the
mfu]‘anon within the kidoeys  This alteration 10 the reqal e
culation does not activate the renal pressor mechamsms. It scems
1“};1}‘ that the demonstration of a seeondary cireutation in the

ney, which acts as = .
of Tr)(nem :.l\‘d I\ti mﬁf.’,’ “pass ta the renal costes, a5 the results
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Oxford have shown, may lead to further important developments
in this aspect of the local results of shock.

Frvaw Cnavees. Inmeversiie Suock. If the state of shock
is prolonged, a state of “irreversible shock™ is reachied, and death
occurs. This final phase ean be produced in dogs by keeping the
blood pressure at a low level by bleeding (11). The cause is severe_
and prolonged anoxia. The prolonged anovia affects all the tissues
of the body (12). Possibly the circulation to large areas of the
vaseular system is shut off, m the same way as that to the kidne;vs .,
has been shown to be, Administration of oxygen in lugh concen.
tration will not save dogs when shock is profound and prolonged.
smce the shut off areas will get no exygen (13), Farlure of the
tone of the perspheral arterioles niny aggravate the shack so that
it becomes srreversible (14). The myocardium may be unable to
respond to any inerease in venous pressure produced by transfusion
(14). Possibly there s also a failure in some venopressor
mechanism.  There may now be atuny and dilatation of the
capillaries (15). At post martem these appear congested, and
minute hamorrhages are found. At the end the blood is con-
centrated (1} (10), as though there had been some escape of
plasma from the cireulabion mto the tissues  The question of the, -
possibility of mereased capillary permeability has been disputed.
Using tive proteins bmed with jodme. no evidence
could be found that they ped from the circulation at
any place other than that where trauma had occurred. 1his
conclusion only applied to post-heemorrhagic shock (16).

A good deal more information 1 needed abaut the changing
phencmena of final srveversible shock, whieh is in fact a process of
dissolution. Little 15 known about the extent to which the Ingher
centres in the nervous system may be mvolved. It 15 safe to say
that there 1s @ breakdoun m everv vital fonction. Changes m the
blood chenustry are now progressive and acidosis develops. {3).

The Cireulation in Traumatic Shock. As we have secs, the
state of peripheral crenlatory farlure known as shock may be
due to several eauses, which may be present afone or together.
;Some of the conspicuous deficiences m the arculation already
hescribed are present with them all. But there s a good deaf of

clative degree of thew intensity. Certam speeal
d eompared.

variation i the X
features of the different types will now be reviewed an
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The information is hased on the article by Tichanis (3) which
deseribes very extensive investigations by teams of workers. R

A senes of coses showing shock was studied. The pressures in
the atm veins and in the night ruricle were measured, The artenal
pressure was taken, The Blood volume was estimated, ag well ns
the plasma volume, the volunie of tise red celis and the amount
of the plasma proteins. The cardiac output was recorded, The
renal clearanices were alwo estimated,  The cases were dinaded
wito fise classes, ' , N

L SEFrxTAL Travma  (Baiensivg TRACTURLS)  wicnout |
Suock. Yere the blood volume, venous and nrierial pressures,~
output and penpheral resistance were all normal. Tt may be
concluded that 1f skeletal trauma is not associated with a fall in
hlood volume shock does not ocenr,

2 Stuersr Travsta wimn Suock, The total blood volume
was reduced by 33 or 40 per cent. This corresponds to a loss of
sbout two litres, which agrees with Nolle's estimate of the amaunt
of loss needed to eause full shock (17). In these patients there 1s
considerable loss of blood and plasma at the site of bonvanjury.
The ¥ight auncular pressure was Teduced to 70 per comt, but the s
pressure in the arm vein was normal or s en a hittle high, indicating
venoconstriction to be present. This is evident enough sinee it is
the cause of the difficulty in putting needles into veins in shock,
The cardiac output was diminished by ovef 80 per cent.  There
as 3 considerable {all in arterial blood pressure, The peripheral
atteriolar resistance, caleulated by the fraction

Rlood pressure '
Cardiae output per sec ond’

uxs'actunlly normal.  Thus 1t would appear that there was »
diminntion in the vascular bed caused by venoconstriction to
compensate for the dimimshed blood velume.
Teadings showed that there was hamodilution, although this was
suflicient Yo restore the volume of the blood to normal. ’

3. Hesonrmacs Wittt Spors,
volume,

Hetmatoerit

Here the figures for “Wlood
I night auricular pressure and cardiae ontput were the same
85 in the cases of sheletal trauma, The average Jev ¢l of the hlood
pressure was, however, rather higher, fndicating a higher degr

of peripheral resistance, ere, too, o oy free

hamoditution was noted. The .
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heemodilution in both these groups 15 presumably due to inflow of
fluid derived from the tissues generally. The initial fall m blood
volume 15 due to loss at the site of mjury, and not ta genera foss
through merease of capiliary pernieabihity. This 15 obvious enough
in frank hoemorrhinge, but may be less conspicuous when there
is eseape of blood and plasma into the museles and tissue at the
site of injury. A large volume of loss may not cause any
consprerious merease w the size of a lunb, such as the thigh.

ArpowiNat Yxdurips wite Suock.  The blood volume was
somevhiat low i these cases, but not <o low as in those with
haanorrhage. But the right auncular pressure was very low, and
the cardiac output decreased. A dufference from the cases with
heemorrhage lay m the presence of haemoconcentration.  Probably
this was due to loss of plasma mie the pertoneal cavity, for
peritomtis was present  The fall i the blood volume was chiefly
due to the loss of the plasma.

In contrast to the cases with traumsa and hemerrhage the
artenial pressure was somew hat high, imdicating a hagher perspheral
resistance.  Possibly the mereased viscosity of the hlood partly
accounted for this. Kapernments on dogs with tourmuet shock
showed that alow blood pressure after trauma where much plasma
was 1ost, was more grave than after traumg nssociated with
hiemorzhage,  Shock nught be severe and the bload pressure stil
relatively lugh beeause of the hagh yiscosty of the blood due to
heemoconcentration from loss of plasma (16). The low level of
the aunicular pressure suggests seme breakdon n of the mechamsm
controthing the venous return

Bunrxs wrrn Stieek. The fall m bload s oluwe was greater than
m the cases with abdomnal myury, The night aunicular pressure
fell rather less than i the other groups, The ecardine output was
dumnished to nbout the same degree  Possibly there was more
compensatory venoconstrietion  The blood pressure was farcly
well mamtamed, mdiesting a lugh perpheral resstance.  The
feature peculiar to these cases was the pronounced  degree of
hrmotoneentration due to the profuse loss of plasma fram the
burned areas. This loss appeats to be proportionaf to the areas
Purned (17). The Iugh degree of the siscasity of the blood would

fielp to mamtam the artenal pressure )
These groups can be divided nto two types, those with
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hemoditution, following severe keletal injury and hnvumrrlm;:c.
an those wifh hemoconcentration following burns and xwf\(m\ﬂ\l
wjuries  Tnjection of dyes in the Iatter group show that in them
the loss of dye 15 far greater than in liemorrhage or sheletal
trauma. and confirms the gross Jows of plasma {18}, In one group
the Muid pours m from the tissues and dilutes the blood, in the
atlier 1t pours out, and leaves it concentrated.

Y the cases of traumatic and hamershagic shock there was
suovia of all the tissues, The oxygen cortent of the venous bloaod
was Jow, showing that the tissues were usig more oxygen than
sormal; vestiessness wmight secount, to some extent, for this high
oxygen consumption. The saturation of the arterial blood with
oxygen was normal, but the anamia and Jow output meant a
dinwished oxy gen supply. There was some degree of acidosis, the
factic acid in the blood being high; this temed to increase as the
deprec of shock progressed.

Study of these groups of cases has done much to clear up the
basic changes in the hemodynamics which cause failure of the
penpheral exculation. Less is known nbout certain other 1y pes,

» Toxemic Shock, Chmeally it has long heen suspected that in
some eases of severe infection. such as pneumonia, tphioid,
diphthena, peritonitis, some degree of periphesal failure may
develop and contribute to a fatal result, In some of these there
may be Joss of fluid from swealing, diartheea or large exudates,
But such evidence as there 1s does not indicate that there i
any great fall in the blood volume (5, 19).

The carduae ontput
{alls, and 5o does the blood press

ure, so that the pabent may be
almost, pulseless, The lieral resi is p Hly low,
The veins are probably relaxed, for the yenous pressure is not
raised. ’

In these cases raming the verous Ppressure \hy transfusion does
not lead 1o improvement.  Probably the swhole cardiovaseular '
system s damaged and fmls as 2 whole. An addytional possibnlity
has been suggested by Iick {20} In various aeute infections hi
found areas of necrosss 1n the suprarenal «nrtex with inflammaty
@nd exudate n the deeper zones, A faslure of the suprarenals myj ‘lm
well agpravate the collapse of ey

the circulation. To
3 what exte
towns from damaged tissues “may later aggray ate shocku:';

uncertain.  As animtial cause they probably play LtHe or nm wavs
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hremodilution in both these groups 1 presumably due to inflow of
fluid derived from the tissues generally  The initial fall in blood
volume is due ta loss at the site of myury. and not to general foss
through merease of capillary permeabihty  This 1s obwious enough
in frank hamorrhage. but may be less conspieuous when there
1s escape of blood and plasma mto the museles and tissue at the
site of injury. A large volume of loss may not cause any
conspicuous increase in the size of a Junb, such as the thigh,
Anpouwrvar Iesumies witn Suock.  The blood volume was
somenhat low i these cases, but not so low as in these with
hamorrhage. But the night auricular pressure was very low, aad
the eardine output deereased A difference from the cases with
hemorrhage lay in the presence of hemoconcentration.  Probably
this was due to loss of plasma mto the pentoneal cavity, for
perttombis was present. The fall in the hlood velume was cluefly
due to the loss of the plasma
In contrast to the cases with trauma and hemorthage the
artenal pressure was somewhat bugh, mdicating & Ingher peripheral
resistanee,  Posaibly the inereased viscosty of the blood partly
aceounted for this, Lxperiments on dogs with tourmguet shoek
showed that a low blood pressute after trauma where much plasma
was lost, was more grave than after tranma associated with
heemorrhage, Shock night be severe and the blood pressare stilf
relatisely high because of the high viscosity of the blood due to
hiomoconcentration from loss of plasma {36)  The Jow level of
the auricular pressure suggests some breakdown of the mechamsm
controlhing the venous return
Brrns wity Snack  The fall i blood volume was greater than
1 the cases with abdommal myurs. The right qunscular pressure
fell rather less than w the other groups  The eardiae output was
dimimshed to about the same degree  Possthly there was more
compensatory veneconstriction.  The blood pressure was foly
well mamtamed ndieating a bugh penpherat resstance.  The
{eature peeubar to these cases was the prongunced degree of
hemoconeentration due to the profuse loas of plasma from the
purned arens  This foss appears to be proportional to the arcas
purned (17). The hngh degree of the viscosity of the blood would
help to maintain the artermal pressure. "
These groups can be divided mto tno types, those with



TREATMENT . L

and the blood pressure low, it \hx;\:s that there 1t a sate n.l' o
canstriction attenpting to compeunsate for a much diminivhed
Blood yolume and output, 1€ thie skin is warm !Iu- prospects are
better, evenaf the blood pressure is low, for & quick recovery may
be expected.  Probably the blood velume and output are not solow
a5 in the othiers, and less vasoconstriction oeeurs (1), Tn many eases
the clear-cut types defined by Richards cannot be distinguished
and one must be prepared for “mined” types. In some patients
the deleterious vasodilator effects of aleohol add a serious tomphica-
ton. Toevaluaté the relatis impostance of the many and various
“factors which may be present, changing in’ their severity almost

from hour o hour, requires much clinical judgment and experience. -

- Treatment. The sooner treatment is undertaken the quicker
the recovery. It is better to anticipate the graver phases of shock
than to rescue the patient from a progresuve and dangerous
'dec\ine into the irreversible state, when no treatment avails.
Traxsresion. To restore the volume of the blood to its normal
level is the first consideration, Whole blood should replace Joss
of blood o replace lost blood with plasma will apgravate hamo;

dilution.  When half the blood lost 1s restored the hlood pressure ™

18 usyally satsfactory. The first pint should be given in a quarter
of an hour, followed by ancther more stowly. If a gooil response
is obtaned, and there 15 no further bleeding (23), the systalic
pressure should rise 10 to 20 mm. Hg per pint. To make the
patient safe from relapse probably at least four pints will be
necded. Loss of plasma from cozing may continue for a long tive,
‘even 1f frank bleeding has ceased. In cases of shock from burns
plasma 1s adeguate. t

Fluids, Tot-drinks, such as tea and coff
s ce, are s
as there is often thust, ~ ’ st et
'l’ofluﬂ.‘ The"pn\ient should e Nat, exeept pethaps in chest
mjuries, .]alevntmn of the fect is undoubtedly of value. The blomd
pressure is raised, and the patient becomes more alert,
Temperature. Warming the skin is Tikely to be harniful, x;.;ﬂlc
compensatory vasoconstriction may be interfered with. 0 b
other hand, the body must not be exposed to cold, st
Ozypen. Qxygen, even mn hy o, )
Ozyger 5 gh concentration, has b
dnmp}mmlmg. Cases of chest injury will need it In mc”;en -
arterial oxygen saturation is normial, e the
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Peripheral Failure in Heart Disease. Shock may be a very

grave complication arising early after a .coronary ocelusion. ln
heart failure the venous pressure rises ; while in shock the right ©
nurieular pressure 15 low. After coronary occlusion, it has héen
shown that the blood volume s normal. the output of the heart.
Jow, and the arterial pressure reduced. The night anrcular pressure
may be somewhat rmsed (5). This would show cardiac failure.
There are some resemblances to shock m the pallor, low skin
temperature, sweating and fal m blood pressure (21}, It may he
difficult to decide which type of falure, cordiae or peripheral,
predonnnates  Congestion of the pulmonary erculation, eausing
dyspreea, and signs of cedema of the Jungs are important indica-
tions of left ventricular farture. wluch may reach a severe degree’
before the jugular vessels appear to be engorged. Even when the
venous pressure rises, the output mav fall. as though the heart
could not respond to the merease n fithng pressure.

1t has been suggested that the state of shock may lead to fresh
coronary ocelusions, and so mshiute a viwows cirele. owmg to
fatlure of the coronary cireulation (223, Tie the final phases of heart
falure 1t seems probable that falure at the perphery is present
too, for the whole circulation has bioken down  The vistble stagna-
tion m the vessels of the shan. the cyanoss. and einll, and falure
to respond to veneseehion al} pont to this 1 but the enginal cause
was primanly cardiae. More preene information 16 needed about
~hoek s coronary ocelusion, and much s stifl obseure.

Pervoxary Eunovisy,  Shock mav be setere soon after
pulmonary embobsm.  Then the tendeney to dey elop jugular
engorgement way be countcrbalanced by the tendaey for the
venous pressure to fall as a result of shock (see p. 158)

Clinical Observations in Shock. The claborate measures
deseribed above are not ordinanly avmlable for chmeal ohserva-
tion. The rate of the puise can be deceptive—vagal slowing may
be a serous symptom Hf assoerated with vasovegal collapve. The
level of the blood pressure 15 of the greatest value (233). In ahmost
a1l cascs the artenal pressure ro parallel with the severity of the
fofture. A progressrvely falling pressure 1 always a serious g
On the other hand there may be sevese shock after burns, with but
Jittle fall in pressure. The feel of the pulse to the educated finger
15 very informative. If the skin of the extrenutes 1s cold and pale.
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Morphia should be given in doses large enough to control pain
or restlessness, ’

Vasaconstrictor Drugs.  Methednne (20 mg. by intravenous
injection or 30 mg. intramusculorly} seems to be helpful in
vasovagal collapse (3). The use of suprarenal extracts is still in
the expertmentat stage.  Paredrine (10-20 mg. by mteamuscular
injcetion) causes venoconstriction and so might be useful {2t}

Except to combat fafling vasomntor tone the use of vasocon-
strictors at present is linnted ; but m vasovagal enses they may
be valuahle, and there are distinet possibalities of drug therapy,
espeeinlly with regard to the induction of venocanstrietion.

Sults of Soduon.  As cansiderable amounts of sodium are Jost by
various chanuels, particularly 1 burns, it scerns logieal to replace
st. There 15 some evidence that sodinm ehlonide aided recovery
from shork due to burns i rats {25).  Large deses of sodium bicar-
bonate {30 grammes m 18 hours) teken by mouth, cause shght
merease in venous pressure and plasma volume in normal persons,
and s0 might be wefulin peripheral fnilure (26). They would combat
the tendency to wereasing acwdosis i cascs who are doing badly.

Liver has been found to he useful sn redneing the mortality and
inercasing the survival time after burn shoek m nnee {27y This
nanght be valuable in huraan beings

In view of the large amount of protein lost, the intravenous
replacement should he supplemented by proten by month as
soon as possible. . Heoko! should never be given as it v a vaso-
dilator.  Coranene and stryeknine do not touch the basal abnor-
malitics i most cases, but perhaps stinulate falimg meduflary
centres  Digidahs s valueless, and indeed harmful,

Although reeent mveshigations have thrown much hight on the
heemodynamies of peripheral aweulatory fmlute, wuch 1 still
obscure. Modern miethads are needed to elneudate the penpheral
failure i the neste mfcetions, m such states as diabetie coma and
Addisow’s disease. It i stiff unknown why the sudden vasem agal
Breakdowns oceur, or why some cases pass inta wrreversible shock
nor are s} the fentures of tus fatal condition as yet understoord.

When peripheral fasture complicates mfection, treatment of ‘thc
jnfection must be the first ann. Pemeiffin and the sulp’honmmde\
have aftered the whole outlook here. When fever 1s high, hydro-
therapy in the form of teprd sponging is henefieml.
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Jead from the right stm, 15 —3 mm., and Tin VL, —2 mm...\Ym\ 1
will be —2 —(—3)=-+1 mm. Thisis the reason for the positive T
found sometimes 1n lead Tin anterior infarction. In lead 111 the
potanty is such that a relative state of positivity at the lc'(t Tewr
1s represented by an upward movement of the fibre. To obtain the
Aefieetions 1n Jead TUL, VT must be subtracted algebraieally from
YF {the left leg unipolar fead). Lead ILis the sumof feads Iand ll.l.

The chest leads CR and CF are also bipalar leads, but differ in
that the effect of the remote clectrode is much loss than that of
the chest electrode, since the latter is so much nearer the heart.
The potentials at the chest are between three and five times
greater than those at an extremity (1), so that the influence of the
extremity electrode 15 only about a quarter that of the chest
electrode.  But in chest leads knowledge is sought only of the
potentials over the precordium, and any effect at all from the
remote electrode will distort the curve.

Einthoven Triandle Hypothesis. In1913 Einthoven, Falirand
de Waart enunciated their hvpothesis that, having regard to the
comparatively great distance to the extremities, the heart could
be regarded as being at the centre of an equilateral triangle formed
by the two wrists and the left ankle, and that therefore the
algebriac sum of the potentials at the three points of the triangle
at any given moment m the cardiae eyele was rero for all forees
parailel to the plane of the tnangle. This hypothests hns been
acecpted by nearly all the leading cxperimenting eardiologists
smee that time  If then the three hmbs are connected to a central
terminal which 1s used as the remote electrode, all forees parallel
to this plane will be elinumnated, and the remote electrode, to that
extent, will beindifferent. It 15 recogrsed that the cardiae yector
moves 1n three dimensions and npt in two, hut the forces iny ofved
w the perpendicular mosement are considered to be small, and
not to exeeed 0 3 my (1) Thus 1t 15 claimed that the potential of
the central terminal never exceeds £6,3 mv throw hout  th,
cardiae cycle, and that for practical purposes these [Mgd‘ can ‘c
w:z‘d?:ﬂ to he‘ unipolar. Wilson (2) named the lcad; \vhcan H::
ceptral terminal was it ALY

Wilion (1) nvam- ‘,de V7 {valtage) leads,
terminals to
with and \

=



CHAPTER XIV
NEW THEORIES ABOUT CARDIOGRAMS

SOME NEW POINTS IN THE THEORY AND PRACTICE
OF CARDIOGRAPHY }

Ix tlus chapter there are two important topies for discussion ;
in the first place the technmique and theory of umpolar leads 15
considered.  After that there 55 conuideration of some new points
of view which seek to elueidate the physical changes upon which
the vardiogram depends. No doubt one should be able to give an
eleetrical explanation for every deflection mithe eurve, and there
18 no guestion that much has been achieved m this respect. Mest
wnportant of all and of chief value to the climenn is the more

te locahisation and d of pathot i change.

Unipolar Leads

The standard leads are bipotat  They represent the ditfercuce
in potential hetween the two ponts at which contact 15 made.
¥n leadk X the electrades on the two wrists are connected, and the
galvanometer records the difference in potential between them.
The instrument 18 set—or speaking techmenlly, the polanty s
such—that a state of relutive positivaty at the left arm 15 repre-
sented by an upward movement of the fibre, To obtain the
difference m potenhal betseen the two arms, which 1s recorded
by the galvanometer, the voltage at the right arm must be sub-
tracted nigebrawally from that at the left. Thus, if the size of
the deflection T is — 2 mnu. at the right arm., which equals —0.2
millevolts, and +1 mm. at the Jeft arm, T in tead Twill be -+ ma
Therefore, smee the potentials at the right arm are usually negative

except in extreme right ot left axis deviation, 1t will follow that T

in lead X will often be more positive than in Jead VI, the left arm

unipotar lead. If the potentials at both arms are negative, but

the right arm 15 niore negative than the left, the deﬂccm?m m

lead T will be positive. That 1s to sax. of T w VR, the unipolar
. 416
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appreciable only i about 10 per cent of eases. Th(,: deflections
1 VR are uniformly negative, giving a positive errorin CR leads,
except in extremes of feft ot risht ais deviation when the deflee-
tions are small or diphasic, and the error is then negligble, ln}’F
leads the deflections sre small and positive when the electrical
axis is normal ; with moderte left asis deviation (sgmi-hnt}1nn(ﬁ\
heart) they are so small as to eause no error, With increasing Teft
aus deviation, they are negative but still small, giving » snalh
positive error. Tnnght axis deviation (vertical heart), lowever. the
T deflections tend to be large and positive with the result that 1
considerable negatise error may be present in CF Jeads involving
the risk in some cases of recording a negative T which is due to
distortion

Unilateral Ventricul

a

ar Hypertrophy. The diagnosis of
P ting unilateral ventricular hypertrophy by means of
muitiple chest feads is based on the following principles. Aetive
heart muscle is electrically negative to inactnve muscle,  The
impulse spreads down the Purkinje tissue in the sub-endocardial
7ane, and reaches the ventrieular eavitics almost at once, which
are therefore negative thronghout the QRS phase, The impihe
then spreads outward through the ventricular muscle: as st dots
<0, the muscle which has heen activated will be negative, while in
front of the advanaing wave there will be & zone of postivity.
Tlus 15 reflected to the surface of the body and causes a positive
wave (R) to be the first major deflection to be reeorded in health

When the impulse finally reaches the epieardium s state of
negativity 1s reflected to the surface of the body and a downward
negative deflection then takes place  This deflection 15 called
the “intrinsic deflection™ (Lewis), The prolongation of ths
deflection 1nto an $ wave depends on whether that prt of the
ventnieular musele over winch the electrode lies has been activated
eatlv or late in the cardue eyele. By the ume that, the impulse
has renched the surface of the right ventricle, the left ventricle will
ot yet be fully activated, The nght ventricle will then become

negative to the left and an S wave will be nseribed §
ed in | g
the nght of the precordumny eads over

Shauld, however, the electrode be
aver the thickest part of the left ventnele, the whole heart will be
0 systole when the impulse has reached the epicardium in that
regon, The QRS phase will be over

i no current flows and the fibre
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apparstus consists of three limb ferminals which nre brought
together ot a ecntral terminal. To this is attached the right arm
terminal from the cardiograph, the left nrm terminal being
employed in the usual way for the exploring electrode.

Unipolar Limb Leads. With the wupolar technique the
potentials at any pumt on the surface of the body ean be ascer-
tained. Unipolar himb leads were formerly obtamed by attaching
the explorng electrode to the limb to be examined as well as the
terminal for the remote efectrode, but the deflections were often
very small., Goldberger (8) showed that deflechons of the same
shape but of 50 per cent greater magmtude resuited when the
exploring electrode was substituted for the remote electiode
ternuna] i the imb to be exammed. To obtam the nght arm
potentials by this method the exploring electrode 15 attached to
the nght arm, and a V" conneetion is attached to the left arm and
left Jog, the thard bemg allowed to hang loose.  Unipolar Jimb
leads are termed VR, VL and VF. Goldberger proposed that his
leads shoufd be ternied “augmented unipolar Tmb leads™ (o VR,
etc.), but with the genersl ndnption of the method the “a" {for
augmented) has been dropped,

Distortion frem CR and CF Leads. It has recenth been
suggested that the differences between CR. CF and V leads are so
shght ns to be neghgble (4); and that therefore CR lends (5} or
CF lends (6} are tu be preferred. The probable distortion m CR
leads can be predicted from the messurements of the deflections
m fead VR and o CF leads from the deflections i lead VF.
In cach case the figures of these measurements must be divided
by about six if the angmented method of Goldberger 1s used. sice
the extrenuty electrode ouly exerts about one quarter the miluence
of the chest clectrode and the Goldberger method magmbes the
deflections by a thied (§ x§=1). The result must be sublractcd
algebrically from the figures for the measurements of the ebest
Jeads m order to obtam the fuue potentials.  Thus negatne
potentials in Jrad VR will result in & positn e error in CR lends for
subtracting @ hegatne nieans adding a posstive,  Exmmmation
of 500 Vi1 and VF leads hias showed that the T deflections werc

% mam. or less in 88 per cent of the eases m VR {eads, and st about
T Oads (7Y This would give w distortion
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Fic 90
Fig 89 faght tcn\ncu\a{r hypertrophy
Tught-sided hypertrophy 1n & from a case ol atral septal
o ten it stral stonoss defect Note farge late R in
apd actne rheumatism S tead V1 and predomipant S
18 almost absent i V1 The waves appearmg 1n V4, V5 and
heart 15 vertical V6 T is nverted 1n V3, V4,

V5and V6 This was due to

the § waves decpen. As i GiEtals Theheartssyertical
mum requirentent the size of the It wayes should be less than one
quarter of the magmtude of the S waves which should exceed 12
mm (7) The transitional point swings over to V4 and V5. The
R waves may be large in V4 and V5, In advanced eases T is
mverted 1n V4, V3 or V6 and the QRS is widened. These changes
are pot affected by rotation of the heart (Fig. 88).
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comes to rest at zero potential ; the 8 wave is consequentlv absent,
In normal subjeets, using the six posttions for the chest clectrode,
it will be found that the voltage of T 15 nbout half that of § in
Vi and V2 and that they are equal m magmtude at about V3
which 15 sttuated approxmatele aver the saterventreslar soptum
S 15 absent or dmunntive in V5 or V6 (Fig 873 In left ventriealar
Rypertrophy the R waves become dannnutive i Vi or V2 and

P R%

Lot ventnealar bupustrophs
¢ kst Jeads show dumnuatns
& waves with deop § ware

Fio &7 VEoSrand 13 traminad
v & umpolar hmh porat betwern aty i
e e voliage of 5 n Rihased g of compteres
- 3 n N o

¥ ars M wversion of T

land g 8 e (IR= 0 16 sceond  The heart
V'3 "G The transitional pownt 18 B .
Vi and T8 een V3 and V3 « horrontal
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G 89 Right \tmncu\r;r hy mlnr()p::‘);
Rizht sided hy pertrophy m a from a case of atnal sepf
Bl of ten with tral atinions defeet  Note large fate R 1n
and actne thewmatsm S lead V1 and predomminant S
s dlmost absentin V1 The waves appeaning 1 V4, V5 and
heart 15 vertical VB T s inverted in V3, v4,

Viand VB This nag due to
the Swaves decpen. As a mune  BEHalls The heart s septyeat

™um rcquirement the size of the Rw.
quarter of the magmtude of the § waves whieh should exceed 12
™. {7)  The transitional POt swings over to V4 and V3, The
R waves may be largen Ve and V5. n advanecd enses T jg
inverted 1n V4, V5 or V6 and the QRS 15 widened. These changes
ere not affected by rotation of the heart (Fyg, 88y

aves should he less than one
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In right ventricular hypertrophy a large and late R, sometimes
preceded by a @, oceurs in Vi, S being absent, T is ususlly in-
verted, The late R may be seen only in V1 (Fig. $9) but sometimes
alsom V2 and V3 (Fig. 90). § waves appesr in leads further to the
left, but there is no abrupt transitional pomnt. Constderable hypet-
trophy of the right side is nceded to cause these changes since the
tight ventricle must approximate in thickress to the left.’

Oceasionally the late R wave may be seen ip a lead midway
between theright border of the sternum and the right midelavicular
line (V3R) when the usual chest lead series 1s normal (8).

Unipolar Limb Leads and the Position of the Heart. YWhen
the heart 1s in a normal position the openngs of the gorta and
pulmonary arteries and to some extent of the pulmonary veins
point upwards and to the right. A lead entering the chest at the
right shoulder will face these vessels and through them the
ventricular cavities. Although the deflections of the nght arm
lead are not the same as those obtamed with an intra-cardiac
electrode, simce adjacent structures have some ellect, they are
similar. ‘The ventricular cavitics are negatin e throughout almost
the whole of systole, and the deflections of the right arm lead
are also negative unless the heart 1s very much rotated. If
the heart 15 rotated clockwise, becoming more vertical, the great
vessels wall tend to pemt directly upwards, or mudway between
the two shoulders. In that case the dellections of the left arm
lead will take on the same characteristics as those of VR and
become negative (Figs 89, 90). A vertical heart may be caused by
2 low left diaphragm. as in narrow slender chests or emphysenu. or
by night ventrieular hypertrophy. When the heart becomes more
horizontal, rotating enti-clockwise about an antero-posterior axis,
as aceurs in left ventricular hypertrophy or with a lugh left
diaphragm, lead VF has negative compleses (Fig. 88).

There are two possible explanations for this Wilson (1) considers
that when the keart is horrzontal the aorta and pulmonary arterics
\ssue horizontaily, ar nudeay between the night shoulder and the
diaphragm, and so lead VF, which enters the chest through t.he
jeft diaphragm, so ta speak, takes on some of the characteristics
of lend VR and has mverted complexes, Goldberger ({U. hows-
ever, pomts out that the zone of positvity winch ltes ll’; fmn)t
of the advancing head of the impulse as st spread through each
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tentricle is cqualled by n zone of negativity at the tail of the
ware In health lead VF will face eacl ventricle equally, It will
therefore face the advancing head of the impulse and the initial
deflection will be positive. 1f the heart is vertical, lend VF will
face more of the Jeft ventricle, and the initial deflection will be
more posttive still. When the heart lies horizontally, lead VF
will face more of the right ventricle; but 1t also faces the tail of
the wavein the left ventricle, which in that position hes superiorly,
The left ventricular muscle mass is greater than that of the
night ventricle and exerts o larger potential, and so the stronger
state of negativity of the tail of the wave in the left ventricle will
vvercome  the smaller positive
potential of the advancing wave
the right ventncle and a small
negative mmtial deflection will be
found.  In thus view an § wave n
the left leg lead always signifies
that the heart is horizantal,

Bilateral Ventricular Hy per-
trophy. By means of the
combined us¢ of a chest lead
series and unipolar himh leads, a
diamosis of bilateral ventricular
bypertrophy can often be made
The cliest leads will show left
ventricufay hypertrophy, wlile the
mipolar mb leads will show that
the heart 15 vertical, Standard leads
often  show nght axis dewiation
(Fig 81). Unless the chest 1 very
emphysematous a vertical heart 1
the prescnce of left ventricular
Bypertrophy s aliways due to second.
ﬂ':;}hn;xtrgphy of the nght side. . Fro 91,

tndle Branch Block. In hug. ramatic mitra) disease w

e b Sock the aiteted e RIS oo i
recetves the impulse through the how v

Bbrillation  Stangarg e
Septum from the healthy side,

The andSinvag,q d
‘entrieular cavity on the diseased 17t vemtncular &}l,)n‘,:n‘s(:{;“

@ heart 13 vertycal
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side will be positive during the carly phase of the QRS, and the
negative intrinsic defleetion over it will be late 1 the QRS, In left
branch Llock the mtnnsic deflection in Jeads aver the raght side
oceurs early in the GRS, and the R wave s diminutive, It may he
absent in V1 if the heart 35 horizontal since, when the great vessels
fssue horizontally, a lead fo the right of the stermam may hme
some of the charactensties of the mght arm lead. Inleadsover the
Teft ventncle the intrinsic deflection 1s delayed in the QRS and there
1sno § wave. n right branch block the opposite is seen. A wide
R with no $ ocours m Jead V1, the downward Jumb of the W
constituting the mtunsic deflection, and being late i the QRS.  In
Jeads to the left an R oceurs, but its downstroke 16 comparatively
early and is follow ed by a wide S during which the nght ventricle ss
activated. Owing to the greater thickness of the left ventricular
wall, the intrinsse deflection does not occur as early as o leads over
the right ventriele i left branch block. but the T wave 1s slender.

When the beart 1s in 2 honzontal position, Jead VI, reflects the
potentials over the left ventniele and bas positive deflections.
Lead V¥ in that position usually has smaller negative deflections.
resernbling those of VR, Lead Tw VL VR, whalst lead I is
VEF-~VL, The deflections of VL will therefore be revessed in
these twe leads. bamg positive w Jead I and negative in lead I
This 15 the reason for the discordant curves seen often in left
hundle branch block with postive deflections i lead I arnd
negative defleetions m Jead HY {page 249},

It 15w night branch block that the tno explanations for the
direction of the complexes m lead VF lead to divergent results,
Wilson (1) consuders that 3f lead VI has complexes resembhng
those of the leads over the left side of the precordsum and the
compleves of lead VL resemble those on the night sule of the
precordium, the heart 1s placed vertieatty (Fig 51} In Gold-
berger's explanation an § wave w feod VF alvavs means that
the heart is horizontal,  In right branch block n deep S1s frequently
present in lead VF and m Jeads V5 and V6 over the left of the
precordium.  This, according to Wilson, would mean that the
heart 15 vertical, wlile accarding to Goldbherger 1t is hottzantal.
In such eases we have scen concomitant hypertension and the
heart enlarged to the left on sereetung so that the explanation of

Goldberger would seem to be preferable



ELECTROC.ARDIOGR.LMS 125

REFERENCES
Wisox etat (1948) Amer Heart J,27,19
Wutsos etal (1934) Amer Hemt ] 9,447
GorppErger (1042) Amer Heart [ 24, 378
Geicer, GoeRNER (1036), Amer Feart f .32, 163 N
Hovos, Touavo (1047) Amer Heart ]33, 63%
WaLLack, GROSSWAN {1946} DBnit Heart J 8,83
fary, Reprers Ta be publish
Myrss, KLE, SToTFR (1948) dmer Heart [ 35,1
Gotpeescer (1984). Amer Heart J., 28,621

F-E_Raho ket

Some New Theories about Electrocardiofirams

Dunng the last few years a good deal of attention has been
directed 1o the elucidation of the clectrical changes in the leart
muscle which underlie the QRS-T deflections. Some doubt has
been thrown on the vabidity of the theory on which the conception
of Einthoven's triangle liypothesis is based, but it still remains
sound. The matter is extremely technical and needs a fuller
equipment 1n the knowledge of mathematies and physics than the
ordinary cardiologist can boast, It scems desirable to attempt a
short and simple survey of some of the articles on the subject. One
of the most useful applications of this study seems to throw hght
on the pathogenesis of the curves ofinfarction. (The introduction
of multiple unipolar preecordial leads has been valuable in helping
to elucidate some of these problenss.) It will be, perhaps, most
wseful to readers to start Ly recalling what occurs i a single
1solated cell of muscle when 1t hecomes active.

Inats resting electrical state the heart muscle cell 15 to he
regarded as @ mass of Living protoplasm enclosed in a semt-
permeable membrane  The positive eations ean pass through this
’(‘::'t“‘:t;::m an:‘ :::;;c tal;:n:;el\ c's"nn nts‘ outer surface, The fegn-
ner suface, The Ic'dl h Toug! L‘am ;anac themselves on its
positine and negatine, are 2“"“" {’?‘:r“z‘l‘ ST‘ e twn ke
from tlectoeal p.iwsm, “hc . z; t( lnu ets ™ Using o\;:x:nfxmn%
and the powtree .cha; B “s:;‘,n e 1::;%'5 may be called “sinks,”
2t one siae by oo lmpﬁlsc mc‘:u:oumh l:n the cell 15 stimulated
becomes Er;ucablc ; ;h mg membrane at that s[}ol

P and the antons can pass out. Depolarsation

il

::&T:ﬁ:: x:\: tl’;elz stimulated end. Flectrical equilibrium v upset,

e gmen ‘(\;I flow from the end which 15 still polarmed back to

cnnneel:b : bs'e end, 1f one were to imagine that the two ends were
ed by a conductor to for a eirewrt. The current wall flow
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until the state of depolarisation is comyplete throughont the cell,
As soon rs this state is reached the cell is 1n 2 vondition of uniform
electrical activity. When this is over the process of repolarisation
will begin at the end where depolarisation started, This will cause
a current to flow back through the moaginary conductor in the
direction opposite to that of the eurrent of depolarisation. This
current will cease when the electrieal “doublets™ are restored and
the state of polarisation 1s once more camplete. If & galvanometer
were inctuded i the eireuit its indieator would record a diphnsic
movement, the first phase quick and the second slow, for the
phase of netivation is fast, and that of recovery gradual.

Vestriconan AeTivarioN,  The ventnewar syocardmn: is o
synevtinn, It s provided with the Purkinge system which
conduets the wpulse stisaulating actiaty as fast as possible over
the mner surface of the vemtneular cavities.  An appreciable
mterval of time elapses. however, between the activation of the
parts near the lower end of the septam, wineh reeeive the impulse
first, and the parts winch receive st Iast, an the upper part of the
canus artertosus and the upper and outer part of the wall of the
left ventmcle. Heret nrrives @ 83 vecond Inter  Purkonge tusue con-
ducts the ympulse ten tunes as fast as heart muscle fibre, so the
passage of theunpilse throngh the y entrentar wallss relatys ely slow

As the process of actiation spreads over the wside of the
ventricular cavities, the electrieal charge on the mner surface
beeomcs negative to that on the vuter perteardanl surface, winehas
positwve. There 15 then a difference of potenbin! across the ven-
treular wall wlisch persists untit the unpudve reaches thie percardial
surface, which then becomes negatine too

Vactors. In clectrical matters the term “Vector™ 1s used to
denote suy quantity that has “magminde’ . “sense,” winch may
be pamative or negative t and “dircetion.” A vector can thus be
drawn as & bne, whose length is proportional to its magnitude snd
whose direction shows its posstion m space,  The pomt i spaee
from which it origmates s ealled its “orgin”  the pomt wn space
to which it is directed 55 catled its “termmus © The “sence” of the
vector can be indicated by the plus or nunus sign.

As activation progresses within o ventricle, what 1s termed a
sshell” of clectronegative potential s seb up withm the cavity. )

Across o polnriscd surface, on one side of wheh the nogative
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H

anions are ranged, and on the othier the positive entions, }l}e vectar
pamts at Tight angles, from the negative to the positive s'ulo.
hen dealing with the hollow elcetrical*shell™ lining the ventricle,
the vectar of electromotive foree of the sentricle will he at right
angles to the plane of the opemng of the margins of the shell,
The Jength of the veetor ill be proportional to the area of Athc
opemng of the shell, The direetion of the sector of the right
ventricle at any given moment of time will by different from that
of the left for anatomical reasons, The to vectors ean, however,

d by lating them to a point of origin,
without altering the sense or magnitude or dircetion of either.
By drawing the parallelogram of forces, of which they will forns
two sides, 1ts dingonal will give the sum or resultant of the two
vectors. In this way the two vectors of the two venthieles can be
added. The line of the diagonal gives the magnitude and dircetion
of what has been called the electrical axis of the heart. Lewis long
ago pomted out that the spread of the impulse in the right sentricle

nas dhoekwise in di and anti-clock

wen the left ventricte.
The “termum” of semal positions of the veetor of the right
ventsicle dunng activation will therefore describe a Siffereny path
in space from that of the left for the gencral directinn of the spread
of the impuise 15 diflerent on the two sides  The vecord of the
movement of the terminus of a vector is called the vector eardio-
gram  The electrocardiograph records the potcntials of the sum of
the <cctors of the two ventricles. While the QRS complex is bewny
written the direction of the eardiac veefor or clutrenl axie 15
constantly changing. Tt 1 passible to determine the direction of
the vector at any mven moment of time if the standard lcads are
recorded Y by, or »f punding pomts are dered
on each lead, when taken separatcly 1 the ysual way. The

direction of the vector can be found by
(g 924}

e ond using Einthoven's triangle
can also he plotted on the “triaxial o
system” where the three sides of the tnangle s

are draswn thro
a central point at angles of 60° to each other, and markmnug;
six sectors, according t0 Bayley’s method (1) (Fig. 92u), -
Il (2) shows that if umpolar Jsmh fmed wes-os +
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6”’5![5 This difference ean be reconcdded
I by introducing a facter v/3. For
the mathematical proof of this
the article should be consulted.
Prorrive i Veetor. By
plotting the height, i miithmetres
for choice, of corresponding de-
flections 10 two leads, say 1 and
1. on the appropriate sides of
Emthoven’s trinngle, so that one
end of the segment is at the centre
of the side. and the other marked
off along the side aceordng to
whether its vatue 15 plus or minus,
two puints are obtamed from
which perpendicslars {normals)
can be drawn. One normal from
the centre of each side will pass
through the centie of the triangle:
the other two will interseet, and
mve the pont from which the
Fig 92 line may be drawn to the centre

The theee leads are drawn  of the triangle, which will gave the
2’13"1‘352 ;;tcefxlt‘gﬂ n};okr:::“ c?,;i posion projected on the frontal
are shown + or — {ifter plane of the efectreal axs, or
Bayles ) wéwcate  the magmtude  and

direction, at that mven moment, of the cardiac vector (Fig. 824).

In this figure, 6 positive unts of length, say millwoetres, are
measured along the side of the triangle correspanding to tead 1.
Four wnits are sunilarly measured, positive, along Jead 11T, and the
intersection of the “normals” from the ends of these sections gives
the position aud length of the vector e, which s the electrical axis
at that moment. The veetor ¢ subtends o section of 10 nnits of
length on lead IT, which 15 the sum of 4 and 6.

The same procedure can be conveniently adopted m Fig. 02y,
m the Bayley method; by marking out the approprate lengths,
positive or negative, along leads 1 and T from the centre, and
dropping mtersceting perpendhculars at the end of each section

marked off,

R

A
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In & normal heart, normally placed in the chest, 1t can be shown
that the sector resulting from the sur of the two vectors in \m\}u
\entricles rotates during the phase of activation in an anti-
ocksise direction: the article by Gardberg and Ashman (3)
should be consulted for a very cear expasition of these wdens.

The Vector Cardiogram. The first important work on this
subject was done by Schellong and others m 1937 (3). Yatterly
the technique has been taken up by Wilson and Johnston {5),

"The vector eardiogram can he recorded in this ingenions way.
Bt using a eathode ray tube the luminous spot on the fluorescent
«creen can be made to record the electromotive force of the heart
beat. By means of suitable connertions the movements of the
Tununous spot will correspond to the movements of the terminus
of the cardiac vector. The isoelcetrie point of the spot corresponds
with the central point of Emthoven’s equilateral tnangle or of
Bavley’s tnaxial reference sy stem. Duting the mseription of QRS
the spot will desembwe @ loop, or clongated oval, and may be
wnitten eather by clochuise or anti-clockwise movenient, The first
records were coflated with the QRS dellections, 1t was shown that
the vector cardiogrtan could be wnitten n two planes, using frontal
and anteroposterior contacts. Its spatinl projection eould then
be demonstrated. The loops could bie viewed stercoscopeally (#).

The loop was collated with the QRS (6) and it was thought that it
might be useful 10 distinguishing

notching and splintering of
pathological engm from that of
no account (7) The comiention
¥ to deseribe the clockwise loop
as”positive,” and the anti-clochwise
a5 ‘negative”  1In a normal person
the long axis of the posttive loop
lay at an angle of about -+60° to
the honizontal (Fig 93); 1t wsll be
remembered this 15 the angle which
E (the clectsical axsy forms with
lad I In a ease of left axis
deviation 2 “negative®
described,

Fio 93
loop was y,

ormal I -
and the Le of the angle between w&ﬁ’s“"‘“"*’ fel
of the axis of the loop to the hori. normal LCG

Sy

Lationshyp
P, and the
deflections on the
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zontal was about - 58°; 1 another case it was —20% In right sixis
deviation the “positive™ or elockwisc deseribed loop showed anangle
of +150° ta the horizontal at its maximum. By projecting the
loop on the sides of an equilateral triangle it is possible to draw
the QRS for each leads the position of the spot of light in its
cixcuit being wsed to show at which moment of time corresponds
to which wave of QRS.

This correlation of older data by quute novel means 1 of
consyderable mterest,

Howard {8) points out that the V.C. {vector cardiogram) »,
in fact, a space curve, for the body's ficld extends in three dimen-
stons. The V.C. as written is then a projection on the frontal plane
m two dimensions, jyust as the B.C.G. 1s denived from potential
differences recorded in the frontal plane, By means of a Farly
stmple geametrieal method, based on the triavial reference system,
in which, as we have seen, the three sides of the Rinthoven
equilateral triangle are drawn through one central point, Howard
shows how the vector cardiogram ean be canstructed by measuring
the size of the deflections, positive and negative, w each of the
three standard leads. The “loop” for the T-wave can also he
plotted. For detmls the ongmal article must be consulted. The
curves those plotted agree very well with those plotted by the
cathode ray osciilograph.

1t is foumd that a positive clockwise lonp 1s the normal for
nearly all hearts normally placed m the chiest, both for QRS aod
for T. In loft axis deviation the loop ic negative {anti-clockwise).
There 15 some evidenee to show that myocardial disease mov
reverse the rotation of the loop for QRS, whule the T loop remamns
unchanged. The further application of tins method of unalysing
the cardiogram will be interesting.

The Ventricular Gradient. It has been shown that i properly
standardized curves, when the height of any given deflection i
Yead 1 is added to the height of the same deflection w fead I,
the sum gives the heght of that deflection m lead IL T,hb 1
shown in Fig. 924 These measurements only give the position of
the eleetrical axss, or of the direction and magmitude of the cardite
vector, as prnjecied on the frontal plane of the body at the gien

ilnlity has been explored whereby the

ipstamt, A further possi ;
element of time cart be troduced. During the phase of activation
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(or depolarization), the durection of (.hc vettar ot elcch:icnl axis is
onstantly changing, but it is possible to amve at its average
posttion throughout that time. The same apphes to the phase of
repolarization. The two may also be conﬁld\?l’c(.l together.
Wilson, Macleod and Barker {8)showcd that if the arcas enclosed
by the QRS deflection were d by ap the area
of QRS,, plus area of QNS =Area of QRS,, These arcas are
measured in terms of time and voltage, so they actuaily represent
microvolt-seconds. If these arcas are substituted for the figures
of the amplitude of the deflectsons on the sides of Finthoven's
trisngle they e the wnelination of the electrieal axis during the
zhole of the QRS interval, which is called the “mean electrical
axis." The “mean electrical axis”™ of T can be found 1n the same
way, by measuring the ares enclosed by the T waves and plotting
the result on the Emnthoven triangle. s Wilson and others (10}
point out, the mean electrical axis of QRS gives the direction, in
the plane of the Finthoven triangle, in which the process of
depolarisation spreads  ‘The mean eleetneal s of T gives the
the drection of the spread of repolarisation, The two mamfest
ateas, of ORS and of T can now be consdered together., The
mamfest area of QRS-T 15 a meusure of the effects due to loeal
vanations in the excitatory process. If the excitatory process
spread and regressed umformiy throughout the muscle, the ares of
QRS and the area of T would be equal, and opposite 11 sign, and
thewr sum, the area of QRS-T, would be zeto. But as this is not the
case, 1t 15 held, therefore, that the avea of QRS-T gives the measure
of Yoeal variations 1 the exertatory process, and the electrical aviy
of QRS-T tndieates the line along which they are greatest,

I these measurements of the areas of QRS-T are plotted in the
same way as the electrical axis, it is posyble to define 8\ ector, for
it has magmitude and direction. ‘The name gnen to it s :(he
“ventreutar gradient,” sometimes mdieated by the letter G

The word “g{adzent," then, means a difference n le;cl of
::t:\r\ca\ ‘Potential Thfg dilference in p(}tential is a veetor, for

has magmtude, and it also has direction ; the two levels of
potanal bcn whhth gradent o e, f o s

w e oeuL anAENItUde and A
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electromotive force formed by a lack of uniformity in the duration
of the excited state in the heart muscle. The “gradient” would not
exist if the sequence of repolarisation were the same as depolart-
sation, The ventricular gradient expresses the electrical forces
which result from a difference in the sequence of repolartsation
from that of depolarsation (11). Changes in the ventricular
gradient reflect changes in the muscle. Changes in the T wave,
apart from these of bundle branch block, which are related to a
particular type of QRS, may show changes in the musele. The
famsliar experiment of cooling the apex and causing T wave
inversion is an example of this (12).

Changes in the Normal Human Ventricular Gradient.
While it is clear that changes m the gradient as reflected in
alteration m the T wave mav indicate changes in the state of the
myocardium, as has long been known, there are other varations
to be explamned which may be seen m the cardiograms of normal
hearts. It is well known that these varztions may be due to
alterations m the posttion of the heart in the thorav. Vector
analysis may now attempt an explanation of these deviations
from the normal.  Varation v the position of the heart in three
dimensional space can be analysed by considermg the possibilities
of rotation about one or more of three axes. We must consider
rotation round the avteroposterior axts, wlich may be described
as clockwise, to the right. to a more vertical position. or ceunter-
clockwise, to the left, to a more transverse posttion. Next there
is the possibility of rotation about the longitudinal axis of the beart,
clockwise or counter-clochwise, as viewed from the apex. Thirdly,
rotation may occur round a transverse axis so that the apex may
come to lie further forwards or further backwards in the antero-
posterior plane. There may be simultaneous rotation about two
ot three of these axes, particularly as regards the longitudinal
and anteroposterior.

RoraTiox ROUXD THE ANTFROPOSTERIOR AND LONGITUDINAL
Axus. Just as rotation of the heart about an arteroposterior
axis changes the direction of the QIS axis, so does it alter the
dircetion of the ventneular gradient.  The negative Ty of a
placed heart comes to mind. The reason fof' t{ns will
rotation around the longitudinal axis is con-
heart 1s rotated clockwise round its long axis,

transversely
be apparent wher
sidered. A vertieal
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when viened from the apex, so that the left ventricle ‘comes to
lie even further bebind. A transversely siluf\tcd heart is rotated
counter-clockwise round its long axis when view ed from the apex,
so that the left ventricle comes to he more to the ffonl. T}\u\
sotation round the snteroposterior axi 1s associated with m!nlmn,
lockwise or counter-clockwise, round the longitndmal o, l}x
fact. clockwise rotation round the anteroposterior axis is
associated with clockwise rotation round the longitudinal, and
uice versa, Actually we shall see that this rotation affects the
relatwve positions m space of the threeaxes; the QIS, the gradient,
and the anatomical or longitudmal. In & transverse heart, when
viewed from the front, the gradient lies more transversely than
the longitudmal axis; 1n a vertical heart the gradient Yies more

rtseally than the dinal avs, 1 about the lonm-
tudinal anatomical axis of the heart will then alfect the position
1n space of the gradient. The rotation may thus be clockwise or
counter-clockwise when the heart is siewed from the apex.
Expressed 1n relation o the change in the QRS axis, after ednchuwisr
rotation round the long awis, the position of the gradient vector
lies somew here between 5° to the night and 83° to the left of the
mean QRS s, After counter-clockwise totation the position is
hetween 32° to the nght and 107 to the left of the QIS axis

If we now eonsider the three axes together, the anatomical, the
QRS and the gradient (QRST), the gradient vector or ax, in
clockw tse rotation around the anatomueal longitudinal axis, when
plotted, will be found to lie to the nght of the long axis, and the
QRS as will he found still fucther to the sight (Fig. 941). If the
heart is rotated counter-clockwise round the Tong axss, the gradient
vector will be found to hie to the Jeft of the anatomical long axss,
and the QRS axis stil further to the Jeft (Fig. 945), If the fongi-
tudimal anatomucal axis points downward, forward, and to the left,
the relatis e changes m the positions of the QRS vectar and of the

gradient vector can only be evplained by supposing that the
gradhent axis ponts less far forward P

--lies, 1 fact, in o posterior
plane, so that elackwise votation sWings it to the nght. The

fact that counter-clockwise rotation sw ings the QRS throush a
wider are and brings it to the most lefltward position su"Eesh
\.\m \_t Yies w2 plane st further behing, Three mine o

PR
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are orientated in space relatively to one another as suggested
above. The conclusion is that the axis of the gradient (QRS-T)
in three dimensional space must lie bekind the anatomical axis
about which Jongitudinal rotation occurs: the QRS axis lies still
furtherbehind. Therefore in clockwiserotation about a longitudmal
axis, the axis of QRS will point further to the right than that of
the gradient; in counter-clockwise rotation the QRS axis will
swing further round to the left and ke to the left of the axis of the
gradient, deseribing o Iarger arc.

QRS

QRS

G

H

Tic 94a
Showing cffect of clochwise
rotation about H on the
relative positions 1n space of

n

Fic M9
The same heart as i A
Show.ng the eflect of counter-
clockwise rotation about H,

on the relative posttions m
spacc of G and QRS (After
Ashman and Byer)

G and QRS  (After Ashman
and Byer}

H Longmtudinal avss of rotation of the heart
G Gradient—a vector
QRS Mean axis of QRS complex

1t will be remembered that normal hearts when placed vertically
in the thorax are rotated clockwise round an anteroposterior axis.
swhile transversely placed hearts are rotated counter-clockwine.
In the former (vertical) lead I shows § and no Q. while Jead 111
shows Q and no S. In the latter (transverse) there is Q in Jead 1,
and S and no Q in lead III (11). So far the (],rccng.n of the ases
cctors G and QRS have been cansiL!Crcd as projected on the
frontal plane. But, as these rc]nfi\'cl'y different degrees Of'dlm‘gi
in the axes G and QRS on rotation about the longm;d'mn
axis suggest, in three dimensional space, they are actually on

or v
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dufferent planes, ane behind the other, |:’r:d 1::: in
fact separated, probably by an angle of 30° (12).
Rotatox Rotyn TR TRANSYERST Asts. A
Since these vanations in the position of t.hc heart
must be conuidered as taling place in (lu:cc
dimensional  space, it remains that the llurfl
possibility of rotation round the transverse ais
must be taken into account. The anatomieal
longitudinal axis of the heart powts downwards,
1o the left, and forvards. In persons with decp H
chests, anteropostenerly, the heast will lie with o 95
the apex pointing reore fornards. When the chest Showing 3
is shallow from back to front, the apex will lie ‘ertwalhear
pointing further backwards. Thus it will come about ;‘::é:i:ﬁ:{;
that the angles which the axes QRS and the gradient  ststransverse
form with the frontal plane of Einthoven's triangle ?;;i;:‘:rlx:‘:ﬁ
will alter. An 415 may, when lying more antero-  ing cfiect on
postenorly, be foreshortened in the frontal plane g“sl-:s";‘:‘;
(east less shadaw as it were), and the converse will  demee on G
also bold (Fig. 95). This rotation round the '(n*:‘:" ;‘:‘H
transverse axis will affect hioth the axes of QRS Byer )
and of the gradient; not necessanly to the same
extent 1n each case, and so be the cause of unusual degtees of
deviation 1n thewr spatwl vel % In the 4

s
these variations 1n position will he rcflected by differences in
QRS and T, whieh

may appear without relationslup to
one another,

Abnormal Changes in the Ventricular Gradient. Changes
mn the mamfest magnitude of the human ventrientar prathent
{QRS-T a¥15) may be die to several causes. An increase in rate
dimnishes the magmtude of the gradient, and vice versa., The
flattening of T in tachycardia 15 familiar enough. Change in
posture from supine to erect mag cause an extreme decrease. Tt
may be that change 1n rate and decrease 1 stroke volume are the
underlying factors in ordinary cardiograms. Various changes in
T have long heen known 1o neeur, on alteration in rate and some-
tunes in posture  This new approach may help to elucidate
these altera

tions 1 T when studied from the viewpomt of the
magnitude and direction of the vectars represented bhar 4L
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nreas of QRS and QRST (12}, Since it appears that in three
dunensional spaee the wxis of the QRS vector points backnands
rclative to the axis of the gradient (QRS-T) vector. the angle
between them cannot be truly refiected on the frontat plane.
Rotation round the long axis of the heart and perhaps about jts
transverse axs will materally affect the position m space of theve
axes, both to one another and relatively to the anatonueal Jong
axis of the heart itsell. These apparent discrepancies between the
atatormeal axis and that of the mean QRS aws have led to
questions as to the vahdity of the method of Fanthoven's tnangle
for plotting the position of the vectors (13} It may be possible
to aceount for them when they are considered m this say,

1t may he that when the deviation between the axes of QRS
and QRS-T (the grathent) 15 greater than would be eypected after
due allowance has been made for the possible effects of rutation
about the jongitudimal and tragsserse aves. the caue ss hikely
to be some abmormal <tate m the myocardim,  On purel
empirieal grounds there are fairlv defimte conclusions as to the
significance of changes m the T wave m many mstances  Studies
on these lines will place such wdeas va & firmer foundation : evenaf
veetor analysis he too elaborate and tuwe consuming for erdivary
chmeal warh. the results abtamed should be eastly apphed

Deviations of the RST segment can be explained i the absenee
of gross myocardial snjury or percardstis Thet are. in 8 seme,
physiologieat rather than pathological. They are duc to varmtions
m the repalarisation of the muscle, The deviation 1 opposite
direetion to the masn QRS deflection, 1t 15 suggested that sepolan-
sation of the subendocardml surface » m advance of the
depolarisation of the epicardial surface, The RST deviabons due
fo digitalis sppenr to be eansed by changes in the repolarnation
curve. In left ventrienlar laperfrophy & type of what nught be
called T wave deviations may be seen They wre opposite to the
main deftection. Tn order tu ditinguish the phywologieat type of
RST dewviation from the pathologreal, such as are scen in nfarets.
the names “repolarsation™ or “1egressh £ deviation and “ingury
deviation have been suggested {11).
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Interpretation of the Effects of Injury and Ischemia or
Myocardial Infarction on the Cardiofiram

The important paper of Bayley {16) deals with this subject.
As = tesult of occlusion of & coranary artery some of the muscle
dies Outside the deadzone there is a zone of injury, and outside
this & zone of ischanua, adjacent to the healthy muscle. The
imjured 7one produces a ewrrent of injury, for during diastole a
positive potential {saurce) is directed tow ards the healthy }uu;rlc
and a negative potential (smhY towards the dead. In taking the
curve this injury current i lised by the 7
current introduced mto the cireuit, The current of injury in
diastole may be represented by a vector pomting to the centre of
the chamber affected, and lying at right angles to the planc of the
surface of the infarct. But as accession of activity means some
reversal of polansation, & current will flow again and cause the
displacement of the RS-T junction {p. 197). As the injured zone
gradually disappears, by death or recovery, so the injury current
diminishes (1). The T wave changes which remain are due to the
persistence of an ischremie zone in which the onset of repolansation
15 abnormally slow during diastole.

Another suggestion 15 that potential differences artise as a result
of blocking at the edge of the injured tissue of the way e of exuta-
ton. If a unipolar electrade 13 placed over an infaret it will record

a positive RS-T deviation, for the spot is positive to the negative
and aclive muscle neat by,

The modern theories of the

ting

T ion of elect liogi

have been applied by Bayley (16) 1 an attempt to cluedate
certaw curves which 1nchieate wyoeasdinl disease.  Much of the
matter 13 too extensive for short survey here; 1t is coneerned
with electrophysical theory, and with a mathematical analyws ;
s well worth careful study, But it may be posible to )
some 1ndi of i -

of some

. .
g exp which aceount
for the wellknown changes in th
e cardsogram fro: X
faretion m myocardial

An mfarct 15 a dead, electrically

inert region i th
tentncle, The deetrieal axis of the hcarg * P
spare may be regarded as a vector,

t i three dimensional
components; these are the two ve

which 15 the sum of tyo
ofOTS. ANE  Porves. Y\
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electrical charges of accession which oceur during activation of the
right ventricle, and the other of those which occur in the left.
This cardiac vector is recorded as projected on the two dunen-
sional frontal plane of the body. The movements of the terniinus
of the cardinc vector describe a loop during which the QRS »s
written. This loop is the vector cardiogram, and may be recorded
by a suitable apparatus, the cathode ray tube, as has been des-
cribed. An electrically inert zone oceurring i the wall of a ventricle
interferes with the uniform spread of accession (or the building up
of the electrical shell on that particular side), It will be clear that
actually the dead zone really gives rise in a sense to elcetrical
forces because the differences in potentials in the diametrically
opposite part of the affected ventricle are now unopposed. These
are negative to the relatively positive potential of the dead arca’s
mner surface. Dunng the phase of accession an electromotive
force develops round the dead regron. If the electrically positive
surface of this arca is directed towards the centre of the ventricle,
the vector due to this force will be directed at right angles to the
plane of the centre of the area m which it 1s gencrated, in fact
from the centre of the dead zone to the centre of the ventnele
The length of the vector (representing 1ts magmtude) will depend
on the area of the dead zone

In the case of a posterior left ventricular infaret, its vector wiil
ke directed upwards, forwards and to the left. From this position
m three dimensional space it will be projected on to the two
dimensional frontal plane when the record s taken.

If this vector be projected on to the “triaxial reference system™
of Bayley (in which the three sies of Einthoven's equilateral
triangle pass at their centres through a central point, thus foritmg
6 sextants, numbered from 1, at three o’clock, round anti-clockwise
to 6 at four-tlurty o'clock); the initial loop of the veetor cardio-
gram will be distorted into the first sextant, This wﬂ:( produce o
positive deflection, R, in lead I, a negative deflection () wn
lead 11, and a negative deflection 1 lead 1 (Qy) (Fig. 96).

One may infer, as alecady stated, that the size of tbf? Q, and Q
will depend on the area of the dead surface that gave rise to thcn}.

If the infarct is very small, and surrounded by healthy muscle, it

ay produce no effeet at all, )
mS}inI\)ilurl\' this reasoning may be applied to anterior mfarcts.
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ey o=ty )

Ta 96

Loop displaced by posterior mfarct
{After Bayley)

T 97,
Loop displaced by antenor
infarct  (\ter Bayley)
The positive yner surface will be directed dowmwards, backwards,
and rather to the nght. The vector, at right angles to the centre
of this plane, when projected on the tijaxial reference system will
distort the imhal phases of the QRS “loap™ into the fourth or
fifth sextant ‘There will then be a small Q. and initial R, and
R, (Fig. 97)
1f on infaret were perfectly sntesor, so that the veetor of its
electromotive force were exactly nt cight angles to the frontal
plane, 1t 15 clear that this force could exert no influence on the
QRS, for it would have no projection (east no shadew, as it were,
with the sun directly overhead). In this way the changes in the
mitiAl phases of GRS may be worked out for mfarcts in any
position 1t 55 cleat that n the ease of two diametncally opposed
stoudar wfarets, ane would theoretically neutealize the effect thot
the other mught produce
Thus 15 then a very bnef exposition of the hasis of the theory of
changes 1n the initial deflections in QRS a5 effected by infarets
avcording to their site and s1ze, But not only do these dead areas

affect the electrical changes of the process of nccession, they also
affect the process of regression, s shown by changes in the T wave.
The order of n the ventricles is it

] d d by the
order of accession. Thus to some degree QRS determines the form
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of T (as m bundie branch block). But local lack of uwiformity in
the duration of the excited state will modify T. The order of
regression will then he changed from its usnal relationship to the
order of accession (QRS).

As we have seen, by mensuring the areas of QRS in two (or
three} leads, results can he obtained, which when plotted on the
trangle of Einthoven, or the eorrespanding triuxial reference
plane, define o vector for the whole duration of QRS, not for one
instantancous moment. This vector quantity 1s » measure of the
total magnitude of the clectnieal effect durmg QIES, and sts divection
shows the arerage direction of the nccession wave duning this time.

Simtlarly, o vector ean be plotted by vsing measurenients of the
T waves, It will show the magmtude and average direction of the
electrical forees of regression. Po reeapitulate some of what has
already been smd, we may deery that if the vector of accession
were equal and opposite to that of regression, thewr sum nould be
vero—they would cancel out.  But m the normal cardiogram tins
15 obviousty not the case. The normal order of regression 15 not
the same as that of nccesston. There 15 lack of umformity m the
changes m the ventrieular musele wall, at the endocardial and
epeardial surfaces,  This fack of umifornnty can be expressed by
addmg the sectors of accession and regression to form a new
veetor, the gradient, called G. {It mav be noted that a cireumilex
denotes » vector guantity.)

AQrs + 871 =)

where .U QRS mdreates the vector derrved from the aca of QRS
andt A T the vector denved from the area of T. This thard sector
derived from QRS-T 15 the mean electrical axis of QRS-T, and
called, as we have scen, the “ventrieular gradient > Ite magmtude
depends on the effect of the totat Inck of wmformsty dunngsistole.
ity direction must hie along the Jine where these vanations are
greatest.

By measurtng these areas of QRS-T w the standard leads the
‘lite;tlox\ of the vector {gradient) can be plotted m the frontal
plane of the trinstal reference system {or of Emthoven™s tnsngle)
But actually, ay we have scen. it hey m three dunensional space
(ns do the othersy. YWhen A denotes n vector depending on the

arens of QRS and T respectively



INTERPRET.ATION OF EFFECTS 133

¥ AQRS+AT=G
then AT L~ A QRS

1n fact, the area of T wilt depend on the area of QRS and the
gradient. What alters QIS may nlter T, causing ‘“‘"“““f) T wave
changes  What alters the gradient wll nlter T, and *primary
T wave changes are the result. X

An example of‘a “secondary” ‘T wave ehange is that scen in
tundle branch block ; of a “primary™ T wave changes that due
to diptabs.

The lack of uniformity in the regression phase is held by Nayley
to be local and to exut at the epicardial and endocardial sur(aces
of the ventricular muscle. The normal gradient vector has a base
to apex ditection, pointing frot these arcas where the duration of
activity is longest to those where it is shortest. If the gradient
also points rather backwanls, as already shown, in three dimens
sional space, one would snfer that the areas of longest lasting

clivity were antero-basal surface arcas, and those of the shortest
duration m the postero-apical region.

Bayley points out that ventricular 1sehemia, acute or chrone,
15 the most important causc of alteration m the position of the
gradient in space, and consequently of its projeetion on the frontal
plane Tus alteration, reflected as a primary changein the T wave,
15 determined by the intensity and site of the 1schinna in the
ventrieular wall. The endocardial surface has a better chance of
mamtaining ts blood supply than the epicardial. The position
of the normal QRS.T vector or gradient 15 affected by ths isch.erie
zone, and 1t tends to he drawn 1nto a ling at night angles to the

conton AF 4L

. . . 1 uSE Lhange
with A G In the case of posterior mfarction & T w)ll Pass into
the second sextant of thie tnavial veference system, and projeet
negatine T wave in leads 11 and 11 (g, 08),

Sumifarly, m antcrior mfaretion A T will be found m the fifih
sextant, projecting a negative T w:
R 2 ave m lead 1 (dotted hine)
¥ bnrad wd oot s

Jury
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2 At the edge of a dead nrea there
is 5 zone of injury. During dinstole
there will be a difference of potential
at this place; the positive ur

¥ “source” surface will be directed
towards the normal, the “sink” or
negative towards the dead muscle,
We have seen how this difference of
potential may constitute the eurrent

-

Fiig
Y of jury.  Tiis current may eause
Fro 95 the RS-T deviauon (the Pardee
{Alter Dayley ) curve) of myacardial infarction.
Bayley explams the evolution

of the eardiograpiue changes associated with nfarction in
the followmg way.  Ischmmun of muscle 1s the witil effect
of impaired coronary flow, Thts aboormnal state w the muscle
causes primary changes i the T wave or gradient. I the
blood supply Leeomes warse, an injured zone develops withw
the 1schenue zone.  If thus injused zove renches the epreardsal
surface the mjury current from it causes displacement of the
RS-T junchon,  Most of the pnmary T wave change then
disappears.  1f the flow 15 re-established these mmor RS-T
junction displacements may go  But 1f an infaret devefops,
as shown chmeally by fever, leveocytasis, merease in B.S R, the
injured zone extends so that the cuter ischarte zone becomes
small, “The centre of the mjured zone dies.  The maxumal RS-T
junction cisplacements now develop nnd with them abnormalities
in QRS as well, of which the appearance of Q 1s the most sipnife
cant, showing o transmwal mfaret 1V ’
eplement=s 7

and
P aem, sy the inpured zoue dinwnishes, for some of it

recovers to the wcheme state and some dxea complctely It mav

now no Ianger be i contact with the e ° o

And st ) .
- snatity Bere Secn, come back

3 .
fura iy persist.

Summary. The development of the abnormalities tn the
cardiogram may be based on the following fundamental phases,

~—
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To begin with, as the result of ischemia the gradient Es d'n‘.crm\.
and this causes the primary and temporary alterations in !hc
T wave, There 55, in fact, a local change in the lnck of umfn.rnuty
of the excited state. With the development of a zone of injury
a current of wjury 1s formed, This may be rcprcscu\cq l.ny a
ector whose direction is at right angles to the plane of injury,
ponting towards the centre of the ventricle, and whose length
18 proportional to the area of the plane of injury, Thif vcc'(nr
will divert the QRS vector; the result will be RS-T junction
deviations and alterations in QRS, particularly the desclop-
ment of Q@ waves if the infarct is transmural; at the same
ume the primary T changes vamsh. As healing progresses the
injury current fades, with disappearance of junction displace-
ments in RE-T; the gradient diersions reappear ns negative
T waves, for an ischmic zone is present agnin ; the QRS changes
may partially regress. Next, the secondary T wave changes may
disappear finally. But thete may remain a permapent diversion

of the vectors of QRS and T, which persist as permanent abnor-
malities m QRS and p dary at | in T.
1 the infaret heals up, and remains embedded in normal muscle,

without surrounding ischamia, the curve will resume a normal
appearance.

Bayley and Monte (17) report an interesting case in whom they
recorded changes i the T wave of the type they consider to be
caused by ischemua,  Analysis of QRS-T areas showed that the
direction of the gradient veetor hiad rotated tn an anti-clochwise
dueetion. This “negative” rotation is held to be associated with
posterior wnfarction. Actually postmortem cxamination showed
that wscherma of the posterior part of the left ventricle had
occurred from obstruction to the right coronary artery by a
dissecting aneurysm  Sections of the heart musele 1n this aren
showed no pathologieal change. They consider that the ischemic
state may last for a considerable time-~perhags far two weeks—

dicated by T wave changes, without cardiae pain i
and
pathologteal change. Wi . , et

e have recently followed transient T
changes, lasting some weeks in a case whick showed no ischmmi:
changes m the front of the left ventacle at autopsy,

Experiments b,

¥ Bayley and La Due {18) have sho i
whn that
dogs complete occlusion of & caronary srtery, causing isch;rmi‘:
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2 At the edge of a dead aven there
is & zone of injory. During diastole
there will e 2 difference of potential
at this place; the positive or
Ysource” surface Wil be directed
towards the normal, the “sink" or
negative towards the dead muscle.
We have seen how this difference of
potential may constitute the current

I~

+

L
5 of injury. ‘This current may cause
Fro 08 the RS-T deviation {the Pardee
curve) of myocardial mfarction.
At tay b
{Adter Bagley Bayley explams the evolution

of the cardiograpie changes assocrated with mfarction m
the following way. Ischwmis of musele 15 the whial effect
of impaired coranary flow, This abnormal state m the musele
causes primary changes in the T wave or gradient. If the
blood supply becomes worse, an injured sone develops withsn
the ischaenue zone, 1f this mpurcd zove seaches the epicardsal
surface the wjury current from it causes displacement of the
RS-T junctton,  Most of the primary T wave change thea
disappears, I the flow 5 re-estabhished these nunor RS-T
junction displncements may go  But of an mfarct develops,
as shown chmenlly by fever, lewcocytowns, increase w B S.R,, the
injured zone extends so that the outer wchemic 2one becomes
small. The centre of the injured zone dres, The mavimal RS-T
Junction displacements now develop and with them abnormalittes
m QRS as well, of which the appearance of Q s the most aiom €.
cant, showing a transmural info=*t ™% ’
aninawd .

D sy utidtng the mjured zove dimmnishes, for some of st
vecovers to the 1schzme state and some dies completely, It may
now no longer be m contact with the o . »

anl T azd L . L
4osuality Were seen, come back

o 2ay persist. .
o e The development of the abnormalities 1 the

Summary.
cardiogram may be based on the following fundamentst phases.

TN
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Aorta, crarctation of, 28 {sre also
Coarciahion of Jortal
disccting aneurysm ol fsee Das-
secting ancurysm of aorta)
Aortic areh, abnermalitees of, 24
nght suled, 24
divease, angina pectons i, 217

AcTotyanass, 306
Acrosclerosis, 394
cute abdominal disease simulating
cardue farctwn, 209
Addison’s disease, 107

rardio-thoraric ratio i, 103 competrncy,
averdoseof DOC A ,effect of, 107 | sclerasys, 6 N

Adherent percardium, 63 septum, defects of, 12
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1 Stokes. $dams syndrome 244 angma prctonsn, 219
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circulation rate 1, 185 312
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myocardial degeneration in, 185
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Aneurysm, aortic, 78, 79
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cardiac following mfarction, 211
dussecting of aorta {sex Dissecting
aneunysm of aorta}
of smterentricular septum, 1, 15
of s of valsalva, 13

Arterloscierosls, sumple, 344
Tinking of carotid artery due to,
3%%

Arterio-venous aneurism, 323
cardiac output i, 307
causiog hippelTrinaunay  syne
drome, 4K}
hemodynamics of, 399
puimonany, 400
Arteritis temporal, as grneralsed
disease, 394

N pathalogs of, 34%
ztiology of 215 prognass of, 33%
aostic diseass and, 317

at test, 219

11004 cholesterol m, 219
COFONATY artery disease and, 218
diagnosts of, 218
differential dragnosis o, 220
electrocardiograms of, 316
n anemia, 186, 218
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prognos:s of 223
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surieal freavment of, 223
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treatment of, 921
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Angfotonin 1n hypertension 119
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associated with digbetes, 333
diagnvms of, 337
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Tesults of, 387
Atresta, pulmonary, 10
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pathofogy of, 7
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diagnosi; af, 274
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produced first the primary T wave negativity and then the
Junction displacements of injury. Later the secondary T nega-
tivity appeared. The ischiemia phase begins at once and Iasts
just over half a nunute, When there is partial ocelusion, release
of the ligature is followed by recovery and disappearance of the
negative T wave.  These observations support the theoretical
explanations which Bayley and others have put forward to account
for the progressive changes w curves of 1schamia snd of mpum.
It will be remembered that transient changes in T have been
recorded on many oceasions during an attack of angina pectorss.
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e heart {aslure, 333
m mutral stenosss, 333
in pulmonary disease 333

Da Costa’s syndrome, 261
Defects of aortic septum. 12
Deformities of chest, 164
sternum, 168
Dextrocardia, 39

mtra‘enous 347

maintenance doses of, 343

metabolism af  potassium  and,
344

methods of admunstration, 347

oral 349

preparations of 342

saturation, effect or T waves of

344
Digoxin, 342
method of admnctration 347
Diodrass, mjection of 378
Diphtheria, 160
cardrographic changes in, 101
myocarditis m, 10t
pertpheral fature 1, 101
treatment of 102
Dissecting aneurysm of aorta 399
“adjacent structures, pressure on,
0

391
clinucal weatures of, 390
Coutse and progro<s of, 334
dsagnosis of 391
pathology of, 383
radwolagy of 391
simulating cm‘dmc infarction, 208
treatment of, 302
Ductus \rteriosus, patency of {see
Patent ductus arteriowus)

Dysprea,
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1%
Murmurs, harmless, 57
Myocarditls, acute isolated, 102
‘pathalogcal fndings wn, 198
cisnica} featutes of, 103
Myotonia atrophica, 104
Myxedema, 179
angina pectons n, 183
carduac enlargement 1m, 181
lesions am, 18}
cardiographic changes in, 182
crculation changes in, 180
coupestive fadure in (83
pericardial effasion i, 18]
treatment of, 181
Myxoma, casdr, 95
stmulating mitra) stenosys 95

Nephritls and hypertension, 131
Neptal, 354 .
Nisrite of sodim, 333
njection of as test of artena)
fanction 335
Nodal shythm, 229
@dema, 339

dimmnished plasma proters and, 331
ncrease 1 volue of blond amg,
30

low salt diet 1 358

mechanical dranage of, 360

tased venous pressure and, 33p

treatment with cardophy i 354
@sophagea leads, 201

panch simol

tion 209

Orthopneea, 324
Oscillometry, 375
Ouabain, 343

method of administration 34%
Qutput, cardiac (see Cardiag output)
Oxygen, wn heart faure, 364

therapy a cardiac mfarction a1

% cardiae infare.

Pagers discase carduac output 1
i

$51

ventnicular tachycardia {see Ven-
tricular tachy cardia, parosy smab)
Patent ductos artenowus, atiolngy, 31
assactated Jestons, 34
cardiac outpat tn, 307
diagnosis, 33
ellect on crrculation, 32
Lgation of, 31
Pellagra, 110
Penieilling sn nfective endocardates,
T

Perlacteritia  nndasa,  abdomnal
symptoms i, 351
anclogy of, 36
cardiaé fesions 1n, 342
differentiat dagnoss of, 353
mascular pam n, 35¢
Deurays in, I
nodules 1m, 391
pathajogs of, 342
prognosis, 35
retal lessons i, 332
sy Taptoms of, 350
Pericardial effuson, in my xewdema,
18

4ac, dsseases of, RY
congenstal o fects in, 83
Pericarditls, acute, electrocardio-
grams s, 87
adhesive 63
chrome, ®%
canstnctive (N
hemodynamucs of, 01
pencardiofyais m, 91
Xeray findings tn, g5
diagnosis of &y
fibonous 83
bemodynamcs of, 85
10 cardiac nfarction, 203
contusion of heart, 0§
Lupus Lrythematosus Dhasems.
natus, 6§
rheumatic hrart dyweasc 45
svondary cardiac tumours, 97
pamcentens in, 94
tamponade n 83

of

ac ] effusion, el ;g:lm'n }«11
I’ara’%g‘ngﬂomas of adrenal glang, pmo!ng?:flu vy s .
Paro!)s:\gxal autcular Sreplatign ;Z::z::c‘;cff;::;go{)(‘:::‘lns m, 304
(n::;u, - de:;c;:;;n bload volume leading
‘az ::;ax: {50 Auncupay

d1a pare,
trchycardia, 2ay VI3
ngia prctoris in, 215

131110 cardiac outpug in 405
Eitmo-ulution 1, 40

m beart disease 412

renat fanction 1n 407
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coarctation of aorta and, 145
cofd pressar test w, 114
Coronary artery disease in, 132
course of the disease, 128
diagnosis of, 114
diet m, £38
encephalopathy m, 132
endocrsng canses, 117
enlargemnent of the heart i, 199
heemody namees af, 122
heredity 1, 118
1 acute nephoitis, 137
in chronic nephnits, 187
wdiadual diathesss in, 116
wmverted T waves n, 130
kidneys i, 126, 133
left ventricular fadure wm, 131
tumbar punctute i, 139
mahgnant, 133
miral stenosis in, 133
patholomeat changes 1, 125
prtwtary tumours and, 138
precordsal leads i, 130
pregnancy and, 135
pressor substances sn, 118
prognoss of,
pulse pressure m, 123
reqal arterioles n, 123
wschaamisy s, 117
tetinal changes m, 120
splanchnicectomy, 140
effects on airculation of, 142
sesults of, 141
selectaon of cases for, 141
suprarenal tumotrs and, 13%
thioeyanate therapy m, 138
tissue extracts 1o, 140
tobacco, effect of 138
treatment of, 137
unsdateral renal lesions 1w, 122
\enesection i, L
Hyperthyroldism (sce Thyrod,
isorders of}
latent, X173
Hypertrophy of heart, 103
‘cangenttal wdiopathic, 36
Hlypoglyeesmia, angwa pectons wm,
218

llyp::tensiom course and prognosts
of, 258

postarad, 257
symptoms of, 257
treatment of, 258
Infarction, cardac  (see  Cardiac
wnfarction)
Interference dwssociation, 241
Intermittent complete heart black.
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237
Interventricular septuwmn, patency
of {see Septal delect, ventricular)
pc%agmtxon of, 1 cardsac infarction,

Kidney, dual arenlaton o, 120
unlﬂsxgcrnl lesions in hypertenswon,

Kilppel-Trénnuaay syndrotite, 400

Kussmaut's disease, 380

Kymofirams, m cardiac wiatction,
B

207
Kyphosis, 164

Leeches, application of, 363

Libman-Sacks disease fsee Lupus
Erythematosus Dissemmatys)

Lupus Erythematosus Dissemuarys,
67

endocardatss s, 68

myocarditis w, 6§

pencarditis m, 68

tenal lesions s, 68
Lutembgacher's discase, 9

Malignant hypestenswon, 133
Massage, in after treatment of beart
faxlurs, 367 .
Mercurial diuretics, actron of 353
admimistration of, 356
chioride 4 5
eflect of, 356
contraundications to the nse of,

57

wmdications for, 337
oral admimstration of, 357
preparations of 354
prolonged treatment with 337
renal chapges and, 333
sudden death foltowing inyection of,
55
toxic teactions due ta W5
Mersalyl, 354
Mitral thsease, tupture of chunde
tendiner 1, 56
paptliary muscle in, 57
regurmtation, b
stenosts, 54
bail thrombus 1, 59
¢y anosis in, 5%
enlargement of left auricle i 39
hxmoptysis in, 5%
pultmonary artery 1. 57
Pressure i, 63
valve, calcification of, 87
Monckebergt's degenertion, 385
treatment  with contrast baths



vibration and, 3% .
Reactive hyperzmic test, 374
Reclprocal thythm 240
Refiression waie, vector quantity

of, 130 .
Rheumatic carditis, digitahs m, 350

and polyarteritys nodosa, 50
aoic  incompetence,  angNG
pectons 1, 247
auncular fibnllation 1 273
chromic, 54
prograsis of, 63
clmical foatures of, $T
heart hlock 1n, 48
morbid anatomy of, 43
pericarditis 1n, 43
premature systoles in, 49
prognosts of, 49
prophylats w, 52
pulmonary lesions 1n, $6
salicylates 1, 52
sulphonamides in 53
treatiment of A1
Rheumatold arthntis heartin 66
RS-T deviatlon cavsed by current of
injusy, 437
Rupture of heart, 192
m cardiac contusion, 97
m cardiac miasction, 209

Sarcoldosis, 104
Sarcoma of heart 96
Sclerodacuilla, 304
Scleroderma, 103

cardiac Jestons 1a, 106
Scaliosis, 164
Sermilunar salves abnormal, 21
Septal defect ventncular,
Septum, intcraurscular, development

5

interventricular_des elopment of 3
Shock, assoctated with abdomtnal
mpunes 410
chinical observatinns i, 412
due to burns, 410
1n pulmonars embolism, 412
foxeme 411
traumatic circulation i, 408
treatment of 413
Sinu-auricular block, 224
Sinus archythmia, 221
phasic 227
Skin temperatute, spinal anwsthetic
and 373

n
test tustamune, 375
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reaction to cold, 37¢
reaction ta heat, 375
Sound, third heart, 317
Squltt, 343 239
Stokes-Adama sy ndrome, canses of,
23%
cliical fratures, 233
elpctrocardiograms in, 240
s Crr:x!m;;rlll OJL ;‘)l
trophanthin, 34
mcl:hod of admumstration, 348
Subaortic stenosis, 2 .
Supernormal recovefy phase, k1)
Sympathectomy thrombo-
angutis, 359
Syncope, 231
Syphilis, ctiology,
aneurysmin 5t 7%
aortic NCompetence in
and angina pectorts, 2
aomitis, Th
Aystin Flint marmar in, 78
bactesal anfection an, 79
cardivascolar, 75
diagnosts R
endartentis of pulmonary artery
n, 150

T2

incdence 33

progrosis of 8

rheumatic infection in, 70
stenos1s of coronary etia in, $6
symptoms, 71

treatment, 80

Tachycardta, auncular paroxysmal,
235 {see Anncular tachy cardia)
sinu-auricular, 260
In anxiety neurosss, 261
1 glucose deficiency, 262
12 hyperthyroulisai, 261
m mfection, 261
1 myocardial fadure, 261
1 penipheral airculatory fatlure,
261

ventnicular paroxysmal (sec Veno
tricular paeavysmal tachy cardia)
‘Temporal arteriis tste Artintis,
. temporal)
Tetrad of Fallot, 18
‘Theophyllin, 333
Thiouracil, in angina pectorss,
15 thyrord disorders, 176
‘Thrombo-angiitis, chinical features
of, 376
exercises 1n, 378

watrasenous saline i, 378
passie eongestion 1n, 378
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resutting m irreversible shock,
408

vaso-vagal reactions 1, 406
wound shock and, 405
embolt in cardiac infarction, 211
nerve block, 373
i vascufar diseases, 375
Pheeochromocytomas of adresal
gand, 135
Phthisis, cardiac lesions 1, 163
Piek’s syndrome fsec Pericardtts,
constrictive)
Pitu;t":ary tumours and hypertension,

Dhaseoat ~a - . .- .
|5 .
cardiac tfarction, 20% i
Pneumonia, hypostatie, 1n cardiac
mifarction, 260
Pneumothorax simulating cardsac
wnfarction, 208
Polyarteritis nodasa
arteritss nodosa)
Polylcgghmmm. cardixe output in,

{see Ter-

coronary occlusion w, 188

Postural hypotensfon (see Hypo-
tension, postural)

Potassium, efiect on clectrocardio-
gram, 108

Precordial leads, 198
ndafferent electrode m, 192
multiple, 198

Pregrancy, after effects on heart,
17

and hy pertension, 136

assessing the sisk of, 169

effect on narmal heart 167
mncidence of heart discase ra, 168
mdications for prohbiting, 170
indications for terminating, 170

management of, during easly
montbs, Yo
management  of,  dunng  later
montbs, 170

Premature systales, »tsology of, 266

auncylar, 263

nature of, 263

nodal, 264

prognosis of, 263

symptoms of, 269

treatment of, 270

sentricular, 265
‘multsple, 265
pasasytale and, 269
theory of re-entry and, 268

LA

“U wave and, 268
Pregsure, right suncalar, 309
effect of veresection on, 311
night ventricalar, 148, 308
venous {see Venous pressure)
Prothrombin mdex, 34
Pulmonary arteno-venous
rysma, 400
artery, artertolar lesions of, 149
atheroma of, 149
dilatation of, £2
n mitral stenowis, 57
syphalitic endarteritss, 150
atresm, 16, 19
ciscutation, disorders of, 47
embal in cardiac infarction, 210
embolism, 132
causes of, 1586, 158
eardsograpine changes 1n, 155
ciincal features of, 152
cotnplicating heart disease, 153
differential duagnoats of, 156
peripheral fatlure ta, 153
precordial leads of, 155
retinal findings 1, 154
svmptaws of, 153
treatment of 15%
hypertension, 150
right sentncular fadure i 150
@dema scute, 326
@tiology at, 3T
yn cardiac intarction, 209
treatment of, 364
schistasotniase, 150
stenosis with cloved veatricular
septum, 1§
with pateat ventricular septum,
1

aneu-

surgial treatmeat of 20
Pulsus alternans, 334
nature of 334

Q waves in cardiac wifarction, 197
Quinidine, 294 i
action 1 5iT0uS Movement, 232
m agrcutsr dhrdlation, 204
i anruulyr fatter, 257
w parovysmal avneufar tachy-
cardia, 300 .
tn parexysmal kbrilation, $97
in paroxssmal ventnealar fachy-
cardia, 300
methods of admimstration, 294
selection of cases for, 204
tovic effects of 284
Raynaud’s disease, 392
causes of, 393
treatment of, 395






