CARDIAC -FAILURE
with special reference to
.Valvular Defects and Auricular Pibrillation,
based on

An Experimental Investigation into the Extra Load put on the
Heart by Damaged Valves,
and

An Analytical Study of 320 Consecutive Cases of Feiling Heart.

George Allison Allen,M.B., Cu.R,

April, 1924,




## $%&

%

+ -

80

, t)

% (

2



n

=)

=]
3
vz

CONT

‘Introduction.

CardiaC'Failuré.;

Cardiac Reserve,

Diminished Cardiac Reserve.

 Symptoms of Diminished Reserve.

‘Indications of Heart Disease,

Eipériments to determine the extra load
due to Valve lesions.

Analysis of Cliniccl cases re etiology,etc,

Kelation of Valve lesions to:

1. Increased load.
2. Muscle damage.

3. Cardiac failure.

Relation of high blood pressure to:
1. Increased load.
2. Muscle damage.
3, Cardiac failure,

Relation of Auricular Fibrillation to:
1. Increased load,

2. Muscle damage.

3. Cardiac failure.

General Conclusions.

References,

Appendix A. Analysis of 320 cases of Failing He:rt with
reference to symptomatology and etiology.

B. 4nalysis of 80 cases of Auricular Fibrillation
with reference to symptomatology and etiology.

C. Lkymograph records and radial tracings to
illustrate experiments used in the thesis.




INTEODUCTION.

In recent years many writers, in their attempt to
direct attention to the major part the heart muscle plays
in maintaining the circulation of the blood,have relegated
valvular lesions to an obscure position in the semiology
of diseases of the heart. Sir James MacKenzié%has
taken a foremost part in this propaganda and, perhzps
mostly from his manner of writing, has left the impression
that the recognition of valvular lesions is almost useless
in considering the question of cardiac failure -~ certainly
that much useful time is wasted in the attention devoted to
them in the students' curriculum. |

It is easy to admit that the reserve power of the
cardiac muscle will determine whether or not the heart can
keep up a satisfactory flow of blood, It is just as
obvious that a mechanical defect in the heart, or at the
periphery of.the circulation, will use up some of that power.

This is well brought out in cases where auricular
Fivbrillation, by adding to the load of the heart, produces
heart failure, as will be discussed later. Removal
of the effects of the fibrillation, or removal of the
fibrillation itself, is sufficient to restore to the patient
a certain amount of cardiac reserve. It is also brought
out in those cases where cardiolysigzkas been performed
for adherent pericardium, the signs of failure in many cases
passing off and remaining absent for many years when the
pericardial adhesioné_have been removed.

 Cardiec reserve Las Luss the subject of detailed 7




study by physiolozists, as well as bty clinicienes, :ut as

far =s I am awczre no attemnt hes teen made to messure directly
the mechanical effect of a damaged valve on the circulation.
It was with the object of determining the importance of this
factor in lessening cardiac reserve as far as it could be ‘
done with a mechanical schema, that the present investigation
was initiated.

Rather than accept the apparently contradictory
statistics of different workers with regard to the etiology
of valve lesions, the cases admitted, because of failing
heart, into one set of Wards of a general Hospital over a
period of ten years, were analysed and the results have
been incorporated in the discussion.

It was also considered advisable to note symptoms
ﬁhich were complained of by patients in this seriés, as
giving an indication of the chief effects produced by
diminished reserve of heart muscle.

The clinical material was placed at my dispos:-1
through the kindness of Professor T. K. Konro, while the
experimental investigation was undertaken in the Physiologicel
Lzboratory by the courtesy of Professor Noel Paton. To each

of these gentlemen I wish to record my thanks.




CAFDIAC FAILURI,

On commencing this inquiry one was struck by the
absence of any succinct definition of heart feilure, though
the expression is common enough both in lay and medical
writings. It cannot ve defined in terms of special
symptoms, and one is forced to define first of all the
function of the heart, and then consider heart failure in
terms of its function.

It is accepted that the function of the heart is
to provide an efficient circulation of blood, and we may
consider the circulation to be efficient when, the blood
being of normal qualify, the needs of the body are supplied
without the production of any uncomfortable symptoms, But
the needs of the body vary, depending on the amount of work
to which it is subjected, and the heart can be trained for
work of different degrees of severity.

A heart that is trained to supply the wants of a
man doing sedentary work would be incapable of meeting the
demands of heavy manual labour, but it would not therefore
be inferred that such a heart was suffering from fsilure.
The definition would thus requiré to be adjusted to meet the
cases of different individuals, and some such definition as
the following might be suggested:- Cardiac failure is a
failure on the part of the heart to keep up a circulation
sufficient for the ordinary needs of the individual (and
for which it had been trained) without the production of
uncomfortable symptoms. This would obviate any

qualiffcation Tegarding the quality of the bdlood, or defect
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in the lungs or gener:l malnutrition, as the nezrt is not
trained noimally for these conditions, though it may under
certzin circumstances be quite well able to overcome :ome
of these defects. It would meet the case equally of the
man who was engaged in a lzborious occupastion and one who
was engaged in sedentary work., But it should be noted

thet it would make the definition so wide that it would
include the case of an individual who, though unsble to
follow his own occupation, might be able to attend to a
less arduous Calling.

It is not possible to fix a degree of
exertion, inabiiity to reach which -would determine failure,
No absolute standard is possible for =11 people. FXach
individual has his own standard, Further, there must be
grades of failure. Failure may be absolute or relative.
Thus one may be unable to perform any movement without
the production of symptoms; he may even have symptoms
when lying at rest in bed. Such would be a very severe
grade of failure. Absolute failure would result in death.
Milder degrees of relative failure would determine symptoms

with varying degrees of exercise,




CARDIAC EEIERVE.

The heert performs vork vhich is in »orportion to
its requirements at the moment. An expenditure of
energy adapted to meet extra requirements is produced either
by a direct effect on the heart muscle, or by a variation
in the nerve regulating mechanism. The work done is
usually estimated by reference to the arterizl pressure in
the zorta which the herrt hes to overcome, and to the zmount
of blood sent out =zt each bezat, or per minute,

Krogﬁsgtates that the left ventricle pumps 3 litres
of blood per minute with the individual at rest, and 12
litres during moderate muscular exercise, while in an athlete
the amount may be as much as 21 litres.

Taking into account the fact that during severe
exercise the aortlec pressure, with a hesl thy heart, is increased
and if we accept the figures which Krogh assumes, viz: 110
millimetres when at rest and 150 or 160 during exercise, then
the expendifure of energy during exercise will be -~

12 x 150 . 60 = 5.5 times the resting work.
3 110 11

The reserve in this case 1is therefore at least four times as
much as the total amount of work expended during rest.

Further, Starlinégin his expefiments with the
heart-lung preparation has shown th:t & heart can deliver the
seme cuantity of blood against an arterial pressure of 208 mm.Hg
as it does against one of 44 mm.Hg., provided the venous suﬁply
is kept up. Thus,in & heart removed from the body,_he,fqupé-
thatthcnitural ve ' : e : i T




four times the total energy expended at the lower pressure.
These figures are in correspondence with what one finds
clinicelly. A person may have a blood pressure reading
of 250-280 mm., and ve very vigorous; that is, presumebly
his body is getting a sufficient blood supply though he mey
have used up the bulk of his reserve for this purpose, and
may heave, in addition, troined his hesrt for this extra load.
Two factors may ooviously effect reserve power
of the heart =~ either something which weakens the force of
the muscular contraction, or something which adds to the load
on the heart, or both of these in varying degree.
If it is accepted that cardiac failure is ¢ ue
to diminished cardiac reserve, then the commoner causes
which operaste in these two directions to limit cardiac
reserve and therefore to produce cardiac failure, may be

presented in tabular form somewhat as follows:=-




(1)

(2)

CAUSILS

OF DIMINISEED CAEDIAC EASERV

Causes of damage to heart muccle:=-

(a)

(v)

(c)

()

Causes

INFECTIONS : e.z.

METABOLIC TOXINS :

DEFECTIVE CORONARY

acute rheumatism
syphilis

pyogenic infection
diphtheria
gonorrhoea

typhoid fever
influenza.

e.g.

nephritis

gout

diabetes
Graves' disease.

BLOOD SUPPLY :

DEFECTIVE BLOOD :

atheroms
syphilis
embolism.

pernicious anaemia, etc.

of increased load :-

(a)
(v)
(c)
(a)
(e)
(£)

VALVULAR DISEASE.

INCREASED ARTERIAL RESISTANCE.

PULMONARY RESISTAMNCE.

PROLONGED OQVERWORK.
DISORDERED RHYTHIL.

ALTERED NERVE CONTROL.
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L'D‘la.:é'raim to illustrate the relationship of heart reserve to heart failure.
A—healthy heart; B—heart with unhealthy muscle; C—heart with
extra load due $o valvular disease or high blood-pressure, and compensatory
hypertrophy; D—failing heart due to load and muscle damage encroaching
on reserve.

; assuming the figures derived from Fro u's end
1

oo

Ctarling's work A represents the provortion of reserve to

constant load in the hesalthy hezit.

In the cese of B it is zssumed that demege to
heart muscle has lessened the reserve by two units, lesving
only two above constsnt load for exertion,

| In the case of C it is assumed that there is a

constant extra load of two units which the heart has tried



to overcome Wy hypertrophy, adding a little to the reserve
tut not meeting fully the extra load.

In D is represented a heart which had
hypertrophied to meet an extra load but in which the
muscle is also damaged, and the gradual incresse in the
lozd and in the degree of imrairment of muscle efficiency
has encroached on the last unit of cardiac reserve and the
heart is failing.

While some sign, such as dropsy, when proved
to be dependent on the heart, is always indicative of
diminished reserve or approaching failure, failure is not
always associated with that sign. In many cases one
must rely on the patient's symptoms; symptoms now produced
by an amount of exertion which previously wéuld have been
carried out without discomfort, and in practice one
usually, when certain symptoms are complained of, looks
for some sign of disease in the heart, either in the
direction of a valvular murmur, or enlargement, or some
disorder of the rhythm which might indicate muscle
damage, and then lays the blame for the symptoms on the
heart,provided no more obvious cause is present.

It will be necessary therefore to examine (1)the
symptoms which have been complained of by the 320 patients
included in the clinicsl series, (2) the evidence which
has been considered sufficient to classify them as cases
of heart disease, and (3) the relative importance of
» yarioﬁs fgctors'{n'%hese cases in diminishing the reserve

power of .the heart.,

e e



SYMPTOMS ASSOCIATED WITH LESSENED RESERVE

IN 320 CASES OF FAILING HELFT.

The symptoms vhich have been complained of in the
series of 320 csses of failing heart, the subject of this

investigation, taken in order of frequency are :-

T'reatnlessness 279 times or in 87.2% of the cases.
Pain 130 " " 40.6% "
Palpitation i " 33,47 "
Exhaustion 8 " " 24,365 n
Cough 68 ™ " 21.25% -
Haemoptysis 27 » » 11.55% "
Giddiness 23 " " _7.18% .
Faintness 4 " 4.3715% "
Embolism 14 ® v 4,3715%

while Dropsy was present in 125 of the cases, or 39.1k.

(Details will be found in Tables in appendix A.)

Breathlessness.

This was complained of in 279, or 87.2% of the
cases, No division has been attempted of the different
types of dyspnoea, namely that which occurs as the result
of exertion,and that which is paroxysmal and is frequently
1hdépendent of exertion, though both types were noted.

The former, i.e. that brought on by exertion, is usually

the résult of defective aeration of the blood and may be




centre. “inen severe it is usually accouwpznied by some
degree of cyanosis. When severe breathlessness is not
associated with cyanosis there has frequently been found
to be an altered hydrogen-ion concentration of the blood.
In neither group has any attempt been made to separate
those cases in which orthopnoea was present.
Breathlessness was found to be the most cormon
symptom in each of the valve diseases, and also in the
myocardial cases, and it was rather more frequent in the
former than in the latter, viz: 89.8% and 79.6%. It was,
if anything, a more frequent complaint in female than in
male patients (88.8% and 85.75{!) and this difference was
entirely due to the less frequency of the complaint in male
myocardial cases, the figures being - females, 87.2% and
males, 74 .5%. It was rather more frequent in females
with mitral stenosis than in males with mitral stenosisg,

while the reverse was true of aortic incompetence.

Pain,

Pain has been present in the series in varying
degrees of intenaity and in very different situations.
In 9 cases it was of the nature of Angina Pectoris, while
in others of a neurotic temperament it might be szid really
only to exist in the brain. In some cases it hed
apparently no bearing on the cardiac disease, in others it
was definitely produced on exertion. In some casses, while

referred by the patient to the heart, it was found to be
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present in the epigastrium and was really sssociated with
an enlarged and tehder liver. It was frequently
associated with some hyperaesthesia of the skin of the
praecordium, but this point was not systematically inquired
into.

MacKenzig6Las recently written at some length
on this subject, and suggests that the pain in cardiac
disease is due to the contraction of heart muscle against
e force it is incapable of overcoming, due to defective
coronary blood supply. Allbutt(%Llieves that the
severer pain of Angina is connected with the lesion in the
first part of the ascending aorta, and that an attack of
Angina Pectoris is due to the vagal spasm.

It occurs to the writer that the views of
MacKenzie and of Allbutt might be correlated. The
depressor nerve is connected with the first part of the
arch of the aorta. Its function is believed to be the
lowering of blood pressure through the agency of the
peripheral blood vessels when the pressure in the aorta
‘becomes unnaturaslly high as a result of effort or periphersal
spasm, May it not be that if there is a lesion in the
first part of the arch of the sorta, that the depressor
nerve is unable to convey the necessary impulse and to
produce the reflex lowering of pressure, end that so the
heart has to bear an unnaturally heavy load and the result
is the attack of pain explained in the way that MacKenzie

7 sﬁggestﬁ? » It is to be noted, however, that pain in




the rezion of the heart, and hyperaesthesia, zre not
recesserily indicative of heart disecse, as they occur in
other states such as anaemia and functional disorders.

The complaint of pain wes made in 130 cases in
the series (40.6£) and it was found to be more frequent
in mele than in female patients (48.2% and 32.25%) and
this was apparent in all types of disease. In valve
cases the figures were, males - 53.7%; females - 33,88%;
and in myocardial diseasse, males - 34,05% and females =- 25.8%-
The highest percentage in any one group,was reached in
syphilitic aortic disease in males (60.8%), though the
female sortic cases (a much smaller group) gave a reading
of 55.6%. In other valve diseases, such as mitrel
stenosis, the male percentage was much higher than the
females, the figures being 53.27% and 35%.

The main points to be noted in connection with
this symptom were that it was not present in more than helf
the cases in either sex, and fhat it was more frequently =

male than a femsle complaint.

Palpitation.

The term palpitation includes severzl conditions,
any cardiac action which protrudes itself on the
consciousness being frequenﬁly so described.

It was most commonly associzted with exertion, tut

at other times with rest. F: pid herrt action was noticed

by some as palpitation, by others it was not observed; while

EREE Vo S ASE T,
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forcible rapid action of the heart produced complaints in
varying degrees, which apparently depended as much on the
sensitiveness of the patient as on the actual action of the
heart. The consciousnéss of the strong beat which
usually follows the pause associated with an extra systole
was sometimes complained of as palpitation. In cases
of rapid heart action complaint was found to vover such
diverse conditions as simple acceleration, simple paroxysmsl
tachycardia, auricular flutter, auricular fibrillation, and
paroxysmal auricﬁlar fibrillation. Pzlpitation may thus
be of little significance so far as heart disease is
concerned, or it may be of very grave significance, and it
is to be noted that it is very common in other morbid stctes
such as anaemis, general debility, and the neuroses,
Pzlpitation of some kind was present in 107 of
the cases, or 33.4%. It was & much more common complzint
in femsles than in males, the figures being 44.1% end 33.3. .
It was.a more common symptom in valve cases then in
myocardial cases (37.27 and 21.18%), being found in 45.4¢
of female valve cases and 28.95% in mele valve cases. It
seéms probable that the increased frequency in femcle c:ies
is to be ascribed chiefly to the rore sensitive nervous

system in them.

Exhsustion.

Under this heading in the series have been
included those who complained of undue fatigue. It may be

present without exertion in severe cases of

Dot P

heart disesse,
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and it may be relcted to defective blood supply to muscles
and nerves with consequent defect in nutrition and in the
scavrging of waste products. MacKénzig?Ltates that it
is not truly a cardiac symptam but is to be related to
vesomotor defect.

It was present in 24.36% of cases in this series
and was more common in females than in males (29.6% and 19.65%)
If anything it was more common in valve cases than in
myocardial cases, the respective figures being 26.08% and

19,25%.

Cough,
Cough is probably more frequently significant of

& complication of heart disease than of heart disezse itself.
It was preééht in only 21.25% of all the cases

and was more common in males than in femcles (23.8% and 18.4:)

and likewise more common in valvular cases th:n in myocardisl

cases (22,757 and 16.77). It reached its highest percerntace

in combined mitral and aortic disease in males (58.3:), vut

the number of cases in any one group was too sm:ll for =ny

deduction to be made.

tysis.
u  Haemoptysis was present in 37 ccses, or 11.55%,
i.e. in a little more than half the number of cases in which
cough was present. It was twice as common in valve cases
a8 in myocardial cases (13.23,  and 6.42%) and was slightly
more common in msles than in femsles (13.15% and 9.86% respectirly)

T
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the highest figures being in mitral dise:se, and combined

mitrzl and aortic disesse in males (21.9,. and 25i).

Giddiness.

Giddinesswas not a common complaint,. It only
occurred in 23 cases (7.18). Its relative frequency
in aortic incompetence used to be pointed out, and vwhile in
this series it reached its highest percentage in rheumatic
aortic incompetence in males (15.8%), it is to be noted that
it was not a complaint in anyvof the female patients
suffering from aortic incompetence, énd-it is only noted in

4,2% of the syphilitic aortic incompe tence cases.

Faintness.

Faintness was a rare complaint. It occurred
in 14‘cases, or 4,375%, and like the preceding complaint
reached its highest percentage in rheumatic aortic incompeternce
(10.5%), but the figures were much too small to warrant =ny
other deduction than fhat in general the complaint is

comparatively rare.

Embolism.

O
w

- . Embolism was noted in the szme percentsge of caues

&8 1n~Féintness.

Droypsy.
Dropsy was present ir 125 of the cases or 39.1:,
and was almost eruully divided between the two sexes -

(femecles, 40.7%; males, 37.5,). It wes more common in



myocardial cases than in valve ceses (46,25 and 36.8f)
and this difference is rather more zpparent in the male
cases thun in the femzle cases, the figures being -
males: myoc:rdial, 46.8%; valve, 33.88%, and in the
femsles: myocardial, 45%; valve, 39.65%.

It is perhaps rather striking that the highest
percentage found in any one group is in female aortic
incompetence cases with 55.6%, and also that the percentage
in syphilitic aortic incompetence and mitral stenosis in
males are almost alike, viz: 30.5% and 31.3%, though both
are below average for the whole series.

The relstionship of dropsy to auricular fibrilletion
will be dealt with when dealing with the latter condition,
but it may be noted here that while it was present in 39.1%
of cases of failing heart, it was present in 48.8% of those
cases of failiné‘heart (86 in number) which were associzted

with auricular fibrillation.

The symptoms we find associated with csrdiac
failure (apart from the presence of embolism and dropsy)
are thus found in persons with healthy heszrts vhen these zre
subjected to over-exertion, Likewise no sirzle physical
sign islevidence of 2 failing heart if we except alternstion
.of the heart, and it only occurs in some czses, not in all.
Dropsy is not ir itself evidence of csrdizc fioilure, s it
occurs in conditions apart from demsged heart. A hcart

may fail suddenly or :rcdusllv 3 .
S credually.  Ho doubt in certain cases
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of sudden failure some symptoms could have been elicited if
carefully sought for, but the patient makes no compld nt, or
the symptom is so slight as not to attract attention; while
in other cases no sign or symptom has been found even when

it has been looked for. The type of failure which develops
depends on the function of the heart which first gives way,
a8 in the sudden death from failure of contractility, khiéh.

may follow blockage of & coronary artery.




INDICATIONS OF HEART DISmAo.

GROSS ANATOMIC.L CHALGE.

Enlargement:

Evidences of heart diseasse as obtained by
physical examination are comparztively few in number, and
one is really limited to determining whether there is gross
anatomical change either in the direction of enlargement
of the heart, or of disease of the valves.

It may be stated with moderate confidence that
if the heart is enlarged the heart muscle is dameged, for
while some state that a certain degree of enlargement of the
heart may be physiological as a result of training, it is
usually found that in later years those hearts are really
more susceptible to secondary change than are hearts which
are not so much hypertrophied. It is much safer to
conclude that any heart which has hypertrophied, either as
the resﬁlt of over-training, or of undue load placed upon it
by defect in the valves or by increased blood pressure due
to peripheral causes, is a heart with damaged muscle.

Some would, in connection with the enlargement of
the heart, differentiate between hypertrophy and dilatation,
but while it may, in a number of cases, be possible to
state that hypertrophy or dilatation is the predominant
factor in the enlargement, in many cases it is impossible

(9)
to determine this point from ordinary physical exemination.

Yalve defects:




Valvular lesions are easily recognised by
auscultastion when the appropriate murmur of mitral 8tenosis
or aortic incompetence has veen detected, or, in other words,
when one has determined the presence of a definite murmur
during ventricular diastole it is safe to conclude that there
is demage to either the mitral or the aortic valve.

It is much more difficult to conclude from the presence
of a2 murmur during ventricular systole, even when heard at
the zortic or at the mitral area, that these valves are
actually damaged. Many murmurs in the aortic area sre
due to dilatation of the aorta beyond the valve, while the
latter may be perfectly normal. When due to actual stenosis
they are usually accompanied by a thrill. Further,
marnuryg ,frequently designated functionsal, may zlso be hesrd
in this area during systole, as well as murmurs produced
in neighbouring blood vessels. A systolic murmur at the
mitrsl area presents even more difficulty, as many murmurs
are heard in this situation with a perfectly nommal heart '
muscle and mitral valve.

There still remains t o be considered whether the
murmur is indicative of damage to the valve, or whether it

is due to relative incompetence from other czuses. In
either case it is not safe to conclude that there is damage
to the heart, unless some enlargement of the heart itself
accompanies the murmur. The propagation of the murmur

from the apg;ﬂtqwards'the axilla, while it is more common

P N .
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in organic disezse than in functional disorder, is not a
sign which can be used to differentiate between those two
conditions, as loud functional murmurs may be conducted
well to the left.

The question of primary disease of the pulmonic
or tricuspid valve did not arise in the series.

The broad lines adopted in the present analysis
have been, that murmurs heard during diastole were due to
orgenic disease, and that mufmurs heard during systole
could not be teken as evidence of organic disease unless
they were accompanied by enlargement.

The heart may be damaged without there being
any enlargement or any evidence of damage to the valve,
but to determine this, methods other than the ordinar&
methods of physical exemination have tb be employed, and
even sometimes then one fails to determine serious damege

though it may be present.

FINER INTRINSIC DEFECTS.

Irregularity of the heart's action points to

some deféct in the finer intrinsic cardiac mechanism. Tut
all irregularities of the heart's action do not indicste

disease of the heart muscle,znd it will bhe necessary to-

examine the various arrhythmias and to indicate their

relation to disease of the muscle,

Extra systoles,




Extra systoles occur wnen there is no other

evidence of dzmage to the heart, as in excessive smoking.

On the other hand, they occur most freqﬁently after middle
life, and particularly in cases of high blood pressure, i.e.
in cases where the muscle may'be presumed to be past its
best, but they may occur over a long period of years without
the person showing any evidence of a weakening heart. Thus
they cannot in themselves be taken as evidence of myocardial

disease,

Paroxysmal Tachycardia,

Paroxysmal tachycardia, like its relation, extra
systole, is not necessarily an indication of heart disease.
It may occur as an apparently functional condition, or it
may occur in a damaged heart. If the attack lasts for cn
hour or-more, conclusions as to the state of the heart nuucle
may be drawn from the response it makes to the attack. If
the heart dilates, and the liver enlarges, a weakened muicle
is indicated. If the heart retains its normal size =nd
distress is not great, it may be assumed that it is fairly
healthy. -

This condition was noted 5 times in the serics.

Auricular flutter.

It mey be accepted that this condition is &n
indication of definite disesse of the suricular muscle,

It is occesionally paroxysmal, but usually continues till



a further degree of disorder sets in.

Auricular fibrillation.

It may be accepted with confidence that this
disorder is evidence of a damaged auricular muscle. Its
relationship to cardiac failure will be discussed in detail

later on.

Heart-block.

The lesions\which produce heart-block are
usually the result of rheumatism, syphilis, or other
infection, while simple fibrosis also plays a part. It
is seldom that the damage'to the bundle is the only lesion
of the'heart, although it may be the only one that speaks
in definite signs. It may be accepted then that heart-

block is evidence of organic disease of heart muscle.

Sinus=-block,

There is another type of heart-block which ic
very rare, called sinus-block, in which the auricle itself
is prevented from contracting. The czuse is

p?obably in most cases to be found in a discrder of the +

[ S R

Pulsus alternans.

Tnis may be accepted ac ¢ sign of nwuscle

exnaustion, snd if present when the heart is quiet, may be

teken as an indication of heart disease, nnd it is ususlly

of serious om Y it is i
omen, “hen it is only found during an attack

frahvme vdda $ha ol ses .
of tachycerdia its significence is not so certain
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Sinus irregularity is not indicative of disecse of the

heart muscle,

Swamary;

Auricular fivbrillation, auricular flutter,
heart-block, and alternation of the heart, are all serious
disorders end indicate diseased heart muscle, and bear
an intimate relationship to failure of the circulation.

Paroxysmal tachycardia, if of long duration and
frequent in its occurrence, may exhaust the heart, and if
occurring in an already damaged heart may cause serious
failure and death. If of short duration and infrequent,
and occurring in a sound heart, it may only cause temporary
discomfort,

Extra systoles throw little load on the hesart
and are thus of minor importance, and their relation to
heart muscle damage is too indefinite for one to express
any definite opinion. If not associated with other signs
of heart weakness they are better neglected; if associated
with other signs of heart weakness it is better to draw
conclusions from the latter than from the extra systoles.

The nerve irregularities vary in importarnce
with their cause. The respiratory type may be considered
physiological in the young. Occurring in later life
they suggest an unstable nerve mechanism, but not heart

disease.

Other fine defects.,




In addition to the arrhythmias, it is possitle
in a number of cases to determine the presence of disease
by means of the electro-cardiograph even when the rhythm is
normal. Such defects as mild degrees of hearte-block, or
bundle~branch block, or intra-ventricular block, or other
abnormalities in the electrical deflections, may be of
consider~ble value in pointing to serious disgfse.

It may briefly be stated, therefore, that one
may obtain evidence of gross anatomical change by finding
enlargement of the heart, or by finding a valvular murmur
which is indicative of valve disease, and one may seek for
finer intrinsic change by analysing any abnormality of rhythm
that may be present, or by making an electro-cardiographic

investigation into the deflections that the heart produces.
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Thé criteria therefore, which determined the
inclusion of any case in this series of failing hearts
were (1} the presence of certain symptoms suggesting
diminished cardiac reserve; (2) the presence of signs of
disezse of the heart muscle or valves; and (3) the absence
of other conditions which could better explain the cynptomes.

Any patient who was in Hospital on more than one
occasion is only counted as one case in the series,

While it is necessary, therefore, to be cuite
clear as to what signs are definitely indicative of heart
disease, it has to be remembered that it is still possible
that signs of disease may be present without the hezart
being embarrassed and that therefore symptoms complained of
by the patient must not be lightly ascribed to that organ.
Valvular lesions must be viewed as evidence of heart
damage but they must not be considered as in themselves
producing cardiac failure, nor must all cardiac murmurs
be considered as significant of valvular lesions. In the
same way certain irregularities of the heart are alwzys
indicative of disease of muscle, while others have no such
significance.

In addition to these facts, one has to besr in
mind that in certzin cases there may be no cardiac murmur,
no enlargement, and no arrhythmia, and the patient may be

dying from cardiac failure.




EXPERIMENTAL INVESTIGATION INTO THE
EXTRA LOAD PUT ON THE HEART BY DAMAGED VALVES.

It is convenient at this point to describe the
experiments conducted with a view to finding out the load
added to the work of the heart by damaged valves,

The actual method adopted in the first place
was to determine the effect of each of the left sided
valvular lesions in diminishing output, from which it should
be possible to estimate the relative extra load which each
added to the work of the heart if an efficient circulation
is to be carried on.

The apparatus about to be described was
manufactured to ﬁy requirements in 1914, though during the
period of the War, and for some time afterwards, sufficient
time was not available to conduct the research.

| ‘The method of obtaining the force for the
circulation was suggested on seeing an article on the

; 1
Lodholz Schemas 0)

APPARATUS USED.

A general view of the apnarstus used vill te
seen in figs. 2 and 3, and the det«ils of the vslve in
figs. 4 and 5. (papes 3% and 34).

The essential difference vetween this schema
of part of the circulation end those th: t have been
previously descrived in Pnysiological or other text books

is in the uce of a varizlle distributing veslve, By this
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means it is possible to vary the relative lengths of
systole and diastole in the cardiac cycle.

The fluid used in the experiments has been wate

and the force employed to represent the contraction of the
left ventricle has been a head of water, the pressure of
which can be varied within certain limits.

The hi;hest pressure used in the experiments was
obtained by syphon sction from a supply in the room abvove
that in which the apparatus was used and was constant
throughout the experiments, representing the equivalent of
280 millimetres of mercury. Lower pressures were
obtained by syphon from a supply which could be Placed at
any height from thé level of the schema up to the ceiling
of the work-shop. These lower pressures vary up to
& maximum ecuivalent to 154 mm.Hg, The water under
pressure is only allowed to pass into vessels which
represent the aorta and arteries when the valve is open
and the time of opening and closing can be altered,

The valve is operated by a varizble cam, the position of
which can be adjusted to allow of the vélve being open from
0.15 to 0.6 of a cycle, ana closed from 0.85 to 0.4 (See
figure 4c and d. and fig.5 ¢ and d). Cardiac cycles can
thus be imitated which have a systolic portion of 0.15

and a diastolic portion of O. 85 or at the other extreme

& 8ystolic portion of 0.6 and a diastolic portion of 0.4. .

The cam was operated by a belt fram the driving



shaft in the workshop of the Depertment of Physiology in
the University;

By means of pulleys of different diameters
the speed of the valve could be varied from a basal rate
of about 70 per minute, to four times that speed, thouch
only the three lower speeds were used. The speed varied
slightly on different deys, according to the electric power
available.

The tube corresponding to the aorta, and through
which the water is forced, has a diameter of 1/2*.  The
aortic tube is made to divide into two tubes by a ¥ shaped
connection, each of the tubes having a diameter of 3/8"

and having thus together an area greater than that of the

sortic tube. Each of these tubes is similarly divided
into two, having a diameter of 5/16". These were the
smallest arteries used in the schema. These four tubes

pass through a perforated cork into a motor tube loosely
packed wjth glass wool to imitate arteriole and capillary
resistance. This tube had o diameter of 23" and was 1O"
long. The exit from this resistance area was by a tube
of 15/16"% diameter, to represent the great veins, with an
aree much larger thuan that of the aorta. Further, the
outlet of this venous tube was raised 54* above the level
of the schema to represent venous pressure, Incidentally
this prevented air locks in ‘the schema.

The means adopted for imitating valvular lesions

is as follows;:=~




For Aortic stenocsis a series of diasphrzgms of
measured size can be inserted into the commencement of the
aorta. The aortic tubing has a diameter of 1/2 inch znd
the diameters of the openings in the diaphragms are 7/16th
inch, 3/8th inch and 1/4tn inch. These give areas roughly
of three-quarters, one-half, and one-quarter that of the

aortic tube,

For Aortic Incompetence a groove on the side of
the piston allows a leck to take place from the aortic tube
during the time that the valve is closed, i.e. during the
period corresponding to ventricular diastole but not when
the valve is open (Figs. 4a and 5a). The outlet tube,
whiéh can be opened or closed at will, has a diameter of
3/8ths inch, and by means of diaphragms this can be reduced
to 5/16th inch, 1/4th inch and 3/16th inch, giving areas
roughly of three-quarters, one-~half, and one-quarter that
of the full lesk.

For Mitral Incompetence the internal arrsngements
of the valve are adapted to allow a leak to fake place from
the supply side during the time that the valve is open (figs
4b and 5b) i.e. during the period corresponding to
ventricular systole, but not when the valve is closed.

The size of the outlet for this leak, which can bé closed
or opened at will, is 3/8th inch in diameter. The size of

the leak can be varied by inserting diaphragms having =
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dizmeter of 5/16th inch, 1/4th inch and 3/16th inch. These
give areas roughly of three-quarters, one-half, =znd one=-

guarter that of the full leak.

Mitral Stenosis presented special difficulties
and the pressure had to be specially adapted for investigating
this condition. A series of diephrzgms of 7/16th inch,
3/8th inch and 1/4th inch dismeter, allowed one to imitate
stenogis in a mitral valve having a full opening of ane-half
inch, i.e. the area could be reduced to three-quarters,
one=-half, and oile~-quarter the full mitral opening. The
details will be explained when discussing the results

obtained in this condition.

It may be contended that the effect of leakage
in the schema is not comparable to what obtains in the heart,
in that leakage at the mitral valve passes back into the
auricle and that at the aortic valve back into the ventricle.
While this does not operate in the schema, it is not 2
disadvantage because the investigation is to find out the
load added to the heart beczuse of the lezk.
Though'in the heart the blood is not lost to the body, it
still by its presence adds load, and in the experiment one is
aiming only at determining the mechanial effect of tke leak
and not, in this connection, the method which the heart adopts

to overcome this disability.
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Schema of circulation,

Distributing wvalve.

Cam, the position of which cen be moved laterally.

Handle to slter position of cam.

Scale to indicate open and closed time
depending on position of cam.

Piston rod, v

Pulley wheels to take the gdrive znd to
Belt to drive the cam shoft,
Supply tube.

Aortic tute.

Aortic lezk tube,

Mitral leak tube.

Arterial branches.

Capillary and arteriole resistance.
Tube;tgking vénous outflow. | _
Diaphfagmé for altering size of outlet
Mercury manometer:forfkymogréﬁh. ‘
Clockwork.

Smoked tracing paper.

Tambour for radial tracings.

MacKenzie's sphygmograph.

of valve

vary speed,

tubes.







Distributing Valve - _internal arrsngements.

Velve piston.

V. Supply tube. VP,
4. Aortic tube, PE, Piston rod.
AL. lortic leak tube. C. Cam. .
ML. Mitral leak tube. S. Spring to return
piston.
wcale -
FIGURES 4 - VIETEIGULAE 5Y.TOLL.

Fig. 4a Valve open, Piston in most advanced position;
ventricular systole(V.S.). No aortic leak.

Fig. 4b  Section through V.A. showing the mechanism for
permitting a leak during V.S. from supply V- to
ML - mitrzl incompetence.

Pig. 4c Part of piston rod and cam showing shape to
pfoduce Systole 0.15, Diastole 0,85, and position
to secure opening of Valve.

Fig. 44d Part of piston rod and cam(valve open) showing

shape to produce Systole 0.6 and Diastole 0.4.

FIGURES 5 - VENTRICULAR DIASTOLE.

Fig. 5a. Valve closed showing the mechanism for permitting
a leak from A to AL, i.e. from the aorta during
ventricular diastole (V.D.)

Fig. 5b. Section through V.A. during V.D. showing valve
closed; no leak through M.L.

Fig. 5¢. Part of piston rod and cam in position to secure
closure of the valve.(Systole 0.15;Diastole 0.85).

Fig. 5d. Part of piston rod and cam in pesition to secure

closure of valve (Systole 0.6;Diastole 0.4).
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METHOD OF RECORDINC RESULTS.

The method for estimating the efficiency of the
circulation was by measuring the output. The weter thst
flowed out from the venous tube in measured time (usually
l5~seconds), was collected in a glass cylinder graduated in
ounces, The outflow from the leaks when teing operated
was measured during the same period of time into another
cylinder.

The maximum and minimum pressures were tzken
from the aortic tube by means of a U shaped manometer, the
connection being made by a length of pressure tubing.

The pressures were recorded on a moving drum by means of a
glass stilette fastened to a float onvthe mercury. The
inertia of the mercury when oscillating presented considercble
difficulty at first, but this was reduced to a minimum by
narrowing the calibre of the préssure tubing. Even with
this modification there is no doubt that the records of the
systolic pressure may be a little too high, and that of the
diastolic a little too low, particularly with big differences
between systolic and diastolic pressures as in the case of
aortic incompetence. The manometer used being of the U
type, the graphic records shown in appendix C indiccte a
pressure which must be doubled to be transferred into

- millimetres of mercury.

It was found impossible to obtain satisfactory

radial tracings from the rubber tubes already described,

but this was overcome by taking

277



tubing a branch made of collapsible rubber tubing #nc ro-
inserting it a few inches distzl to its origin. ™
tracings were taken from this tube by the crdinary redizl
adjustment of a MacKenzie polygraph. It wag found
necessary to compress the artery proximal to the teribour Lo
get the best records.

The kymograph records and pulse tracings
from 21l the experiments used in the argument are shown in
the /Zppendix.

It has to be noted that as the output was
measured for 15 seconds in a glass cylinder graduated in
ounces, an error of half an ounce would make one of two
ounces in the quantity per minute, Purther, in the case
of -aortic and mitral leak, the flow being intermittent
#hﬁre is the further possibility of error in that the ouiput
Tor the last cycle might be just missed,

or just obtaineq,
according to the speed of the apparatus,

£11 readings of outputs must be considered as

. aﬁp:o;iﬁhta and no deductions should ve drawn from differences
of 2 ounces or less.

Barly experiments were undertaken to find out
the resistance required to permit of a reasonable output
when the epparatus was running under normsl conditions.

For this purpose systole was fixed at 0.3 of the cycle and

\di
aatole therefore 0.7 of the cycle, W1th a speed of about 70.




Considering that the =ort: of the schema had cn
area between one-third and one-quarter that of the hunsn
sorta (schema 1/2" diameter: aorta 9/10" diameter), the
output was compzrable to what is usually accepted as the
output of the left ventricle. Owing to the filtering
action of the glass wool‘in the resistance ted, the output
varied gradually and the wool had to be clezned at times,
but in any case the normal was determined each day prior
to doing comparative experiments.

No deductions regarding the load put on the
heart have been drawn from the radisl tracings inserted ir
Appendix C, which have been obtz:ined from the various
experiments. They were first used to find out whether
the curve of pressure in the peripheral vessels of the
schema was at all comparable to what obtained in the radizl
artery. AS they were found in most cases to be practicalll
indistinguishable from these they were continued throughout
the various series; and it may be noted that the tracings
obtained from the conditions simulating aortic incompetence
and aortic stenosis have a similar form to those which

it is the eustom to ascribe to these conditions in the “izids.




In the tebles of results the following contractions =zre

used &~

N,
A, T,
A.S.
M.I.
M. S,

Ro

€2}

D.
0.
L.0.
B.P.
A,
L.
H.P.

L.P.

Numbers

Normal.

Aortic Incompetence,

Aortic Stenosis.

Mitral Incompetence.

Mitral Stenosis.

Rate per minute.

Fraction of cardiac cycle as systole.
Praction of cardiac cycle as diastole.

Qutput in ounces per minute,

~Qutput in ounces per minute throuch lesk.

Pressure on kymograph tracings in mm.Hg.
Diameter of aortic outlet.
Diasmeter of leak outlet.

Head of pressure from room above in
millimetres of mercury.

Head of pressure from workshop in millimetres
of mercury.

refer to number of experiment in the series
and to kymograph and radial tracings in
Appen@ix.




PREL DIINAEY wXPoRILGlT,

A preliminary tracing was taken to deteriine
the effect of gradual increase in the length of systole
and decrease in the length of diastole within the limits of
the schema. The rate and héad of pressure were constant
at 74 per minute and 280 mm.Hg. resvectively.

With systole 0.15 of the cycle and diastole
0.85, the output was 31 ounces, with a maximum pressure in
the aorta of 60 mm.Hg and minimum pressure of 30 mm.Hg.

The position of the cam was gradually zltered
with the valve operating. At the other extreme, with
systole 0.6 and diastole 0.4 of a cycle, outpu% was 198
ounces per minute with a maximum pressure in aorta of 124

mm.Hg., and a minimum pressure of 50 mm.Hg.

Preliminary record to show the effect on output
and on maximum and minimum pressures of increase in length

of systole:

H,P. 280 mm,Hg. Aortic Opening - 1/2%diameter.
Rafe - 74
S. D, 0. B. P,
0.15 0.85 31 60/30
0. 6 0. 4 198 124/50

0.3 0.7 80 90/42




EESULTS OF EAFPERIMENTS, wITH T..LES,

SHOWIlG THE MECHANICAL EFFECT OF VALVULAR Li&sIOlS.

AORTIC GSTLiOCIS.

Several sets of experiments were conducted with
a view to showing the effect of this lesion in diminishing
output, btut only a few of these are given in the succeeding

tables, as results were consistent throughout.

SERIES shows the effect of Aortic Stenosis
in diminishing output with varying lengths of systole and
diastole. The normzl readings are with the aorta of 1/2®
diameter. The diaphragm used to produce Aortic Stenosis
was the smallest available in the schema and gave a
diemeter of 1/4%, i.e. the area was one quarter that of the
full sortic tube. Other experiments were conducted
with the intermedizte sizes of diaphragms, but the variations
in output were so slight as to make the results inconclusive
withln the limits of error of the apparatus.

It will be observed with Aortic Stenosis giving
an area of only one quarter the aorta, the output is
diminished very slightly with a systole of 0.3, the figures
being from 62 to 59 ounces, and on another occasion from
96 to 46 ounces, which was the largest reduction obtained
with this length of systole and amounted only to 18 per cent.

¥ith prolongation of systole, the differences are
likewise 1ncon51derable compared with the diminution in the

area °f °UtPut »and even wzth 8 ayatole of 0 5 the normal
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output was 133 ounces, while that with btenosis was only
reduced to 108, At the higher speed slightly smaeller
differences were obtained. |

Further, it may be noted from this teble that
increase in the duration of systole to 0.4 of & cicle

fully compensates Aortic Stenosis at both of the speeds.

SERILEC B likewise shows the effect of increese
in the length of systole and zlgso the effect of increasing
the head of pressure in Aortic Stenosis, The standard
pressure used was the low pressure - 154 mm.Hg. and the
- normal output with S - 0.3 was 34 ounces. With Aortic
Stenosis of the same size as in the former experiment, the
output was reduced to 31 ounces, but increasing systole to
0.4 the output rose to 43 ounces.

When the pressure was increased to 280 mm,.Hg.
even with a systole of 0.3, the output rose to 57 ounces,

& very considerable increase over the normal output of 34
ounces. At the increassed rate of 104 the resﬁlt was still

more striking(the systole being, of course, relatively

longer, viz: 0.4). The output was increased to 72 ounces.

SERIES C gives confirmation of these
results taken on another day. With a normal output of
36 ounces at low pressure, the Aortic Stenosis reduced the

output only to 34 ounces, while an increase of pressure




raised the output to 54, and increase of pressure with
increase in the length of systole rsised the output to

82 ounces.

Several conclusions may be drawn from these
experiments: -
(1) Narrowing of the outlet of the aorta does not reduce
the output in proportion to the degree of the stenosis.
Diminishing the aortic orifice to one-quarter its area
produces a comparztive reduction in output.

Arguing from those cases which have shown a lzrger
reduction in output than some of the others, we find as in
series A that a reduction in the size of the aortic opening
by 75% only diminishes the output by about 18%.

(2) With the stenosis and reduction in output, the pressure
is also reduced and this is slightly more marked in the
8ystolic than in the diastolic pressure,

(3) The ‘velocity of the flow through the nairowed orifice
must be very much increased.

(4) Slight relative increase in the duration of systole,
which would be sceomplished in the humsn heart by a

moderate acceleration of rate,is sufficient to overcome the

defect,

)] Increase in the ventricular pressure from 154 millimetres

to 280 millimetres increased the output from 31 ounces to

57 Ounces, the normal low Pressure output being 34 ounces.
In other words the increase in output was practically in




direct proportion to the increazse in the force supplied,
viz: a little over 80%.

If, therefore, the output with the aortic
stenosis orifice reduced to one-quarter the size of the
aorta only diminishes the output by 18, it would appesr
that an extrs percentage of force (a2 little more than 18%)
would be sufficient to overcome the effects of the lesion.

Thus, if the figures adduced from Krogh's and
Starling's work are correct, and there is four times the
amount of force in reserve that the heart uses when acting
quietly, then Aortic Stenosis of a considerable degree of
severity would only use up about one-sixth of one of these
units of reserve, The aortic orifice would require
to be very small indeed to add any considerable lomd to

the heart's work in this condition.




SERIES A.
AORTIC STHIOSIL.

Series to show the effect of fortic Ltenosis
in diminishing output at varying lengths of systole &and
diastole, and at different heart rates but with constant

headvof pressure :-

H.P, 280 mm.Hg.

Normal. Rate 67, Aortic Stenosis.

A - 1/o* diameter, A, S, = 1/4% diumeter.
No, S, 0, B.P, No, S, 0, B.F.
70 0.3 62 108/56 142 0.3 59 96/51
72 0.4 96  125/64 144 0.4 83 108/55
74 0.45 115 132/70 146 0.45 97 115/58
76 0.5 133 139/75 148 0.5 108 119/61.

Rate 106,
78 0.3 64 96/50 150 0.3 55 85/48
80 0.4 96 114/60 152 0.4 86 98/51
82 0.45 108 121/64 154 0.45 ég 104/61
84 0.5 120 127/68 156 0.5 110 108/64
On another date: Fate 68.
281 0.3 56 105/66 282 0.3 46 100/64

Rate 104.

"288 0.45 80 285 6.45 74




OERIES 3.

AQRTIC STHELOSIS.

Series to show the effect of increased len: the

of systole and of incressed pressure on aortic Utenosis:

H.,P, 280 mm,.Hg.

L.P. 154 mm,.Hg.

A8, = 1/4" dimeter.

lormal . Rate - 68, Aortic Utenosis.
No. S. o. B.Pn No. S' 0. B.P *
449. LP. 0.3 34 71/55. 446 LP. 0.3 31.  66/52
448. LP. 0.4 47 84/617 447 LP. 0.4 43 76/64
440 HP, 0.3 57 111/87
441 HP. 0.4 82 93/9C
Rate - 104.
450. LP, 0.3 32 68/54 445 LP. 0,3 30 62/50
451. LP. 0.4 48 83/68 444 LP. 0.4 46 77/64
442 HP, 0,3 48 83/65
443 HP. 0.4 72 101/8%

L e ‘?..jx
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SERIES C.

AOQORTIC STENOSIS.

Series to show the effect of increased pressure

and increased heart rate with shortened diastole on

Aortic Stenosis:

A,S, - 1/4* dizmeter,.

Low Pressure,

High Pressure.

Rate - 66

No. S, 0, B.P. No, S, 0. 3.P.

N. 420. 0.3 36 69/46. 423, 0.3 63. 92/54

AS. 422. 0.3 34  64/43 424 0.3 54, 85/52
Rate - 104 (3

A.S.428, 0,45 82 97/67.
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AORTIC INCOMPETENCE.

In the experiments designed to estimate the
mechanical effects of Aortic Incompetence, the lesk had to
take place from the aortic side of the system during the
time that the valve was closed. This was obtained by
the mechanism already described (see Figures 4a and 5a).

In the human heart the blood lesks back into
the ventricle; in the schema this cannot be imitated
exactly. It is necessary,however, to note the fact that
in Aortic Incompetence the blood passes from the aorta with
a definite pressure into the ventricle against camparatively
little, if any, resistance. At the beginning of
ventricular diastole in the humzn heart the pressure in
the left ventricle is zero, and some believe that there is
no positive pressure in the left ventricle till it contracts.
Starling statéi?)'Pressure in the ventricles remains at or
near the zero line during the greater part of diastole.
With a big inflow there may be a slight rise towards the
end of diastole which may be accentuated by the auricular
contraction.®

In the experiments on Aortic Incompetence the
leak was allowed to operate against zero pressure, as it
was considered that this most nearly approached the

conditions present in the human heart.



SERIES D: shows the effect of Aortic Incombheteuce
in diminishing output. The diameter of the aorta is
1/2* and the diameter of the tube taking the lesk is 3/8",
the area of the leak being thus 9/16", or a little more than
a half of the full aorta led out at zero pressure.
Vith a systole occupying 0.3 of the cycle, the output diminishes
from a normal of 62 ounces to 22 ounces, i.e., a leak of 56,.
of the aorta reduces the output by 65%. This is apparent
in lessening degree as diastole is shortened. Thus, with
systale and diastole equal, the normal output is 133 ounces
and with the same leak as before, the output diminishes to
97 ounces, a reduction of only 27%. Similar differences
are noted at the higher rate speeds.

It is further to be noted - and this is important -
that when with a constant rate (67) the diastole is shortened
to be only 0,55 of the cycle, the output is then 78 ounces,
i.e. by shortening diastole the lesion has been more tha
. compensated, the normal output with diastole at 0.7 being
i only 68 ounces, At the higher speed of 106, diastole
shortened only to 0.6 instead of 0.7, compencates the le:k,

the output being 68 ounces.

SERIES E. If the area of the aortic lesk
is equal to the full area of the aorta, as in series E, where
both are 3/8" dizmeter, similar results obtain. The normal

output with this aize‘of aorta is 59 ounces per minute,




systole being 0.3 and diastole 0.7, If diastole is
shortened to 0.55 the leak is comrensated at any of the

three speeds.

The conclusion that may te drawn from these
two sets of experiments is that reduction in the length
of diastole is sufficient to compensate for a lesion of
aortic incompetence, even if the leak takes Pplace through
an opering equal in size to the whole aorta, and this

would teke place chiefly by increase in the heart rate,.

SERIES F shows the effects of variation in
the size of the aortic leak, other factors remzining
constant, and with the asorta at full opening of 1/2%
dismeter. With & maximum lesk through the tube of
3/8" diameter, the heart output is 23 ounces. When the
leak is reduced to 3/16" diameter, or one=-fourth of the
area, the output only increases to 29 ounces, This is
in keeping with the results obtained in Aortic Stenosis,
in so far that in that condition the actual diameter of
the aortic opening makes comparatively little difference
in the output, the velocity of outflow through the narrow
opening being apparently much increased. That
experiment was conducted with the schema working at a réte 6f
66 per minute and with systole 0.3 and diastole 0.7.

When the rate is increased to 104 per minute,
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as in SERIES P I, and if the increased rate were obtuined

entirely by shortening diastole, as is supposed to occur

in the case of the humen heart, then the actual durztion

of each systole would remain the same and would be obtcined
in the schema by a systole 0.45 of the shortened cycle.

At the 66 rzte the actual durstion of systole is 0.27
seconds; at the 104 rate it would be 0,26 seconds. With
this alteration the output at once increases and, witii any
of the sizes of aortic leak, fully overcomes the effect of
the lesion. This corresponds as nearly as possible with
what obtains in the human heart, as one finds that =zlmost
invariably in a patient who is suffering from Aortic
Incompetence the heart rate is increased and diastole
shortened.

The conclusion which may be drawn is
therefore that increase in the heart rate in sortic
Incompetence is part of the compensatory mechanism.

Vith regard to the effect of Aortic
Incompetence on blood pressure, it is to ve noted that the
reduction is more marked in the minimum than in the maximum
pressure. -Thus, with a leak of 3/16" diameter the pressure
is reduced from 109/54 to 88/26, a reduction of 19% in the
maximum and 527% in the minimum pressure; and with a le.k
of 3/8® diumeter(or half the area of the aortic orifice) the
Pressure is reduced to 8Q/i4, a reduction in the maximum
of 274 and in the minimum pressure of 74%. The

reduction in output is noted to be roughly in pm portion to



"~ the reduction in the minimum pressure.

An attempt may be made to find out the load
added by such a lesion, by compering the amount of work
done under these two conditions. The same force operates
in each case and one may estimate the energy expended by
calculating the time during which the force acts in each case.
As the actual duration of systole is the same at the 66 rate
and at the 104 rate, the energy expended in the two cases
would be proportionate to the rates; therefore the increase
of force would be 58%. Or, one may calculate the work
done in the two cases, this being in Proportion to the output
multiplied by the resistance. The normal output was 64
ounces and the resistance 54 mm.Hg. while with the leak, 106
ounces (78 plus 28) had to be moved against a resistance of

50 mm.Hg. This gives an increase in work done of 50:.

SERIES G shows the effects of increase in the

force of the ventricle in overcoming Aortic Incompetence.
In this series two bressures were used - a low presswre

equivalent to 120 mm.Hg. and a high pressure equivelent to

280 mm.Hg, The normal output, without tortic Incompetence,

at the low pressure was 21 ounces, and with a moder:te degree

of aortic leak in the Schema, viz: 1/4" diameter, the output

%as8 only 2 ounces, while the pressure fell from 64/46 to 36/11.

When the high pressure was’uaed under the scme circumstances,

the output was only increased to 14 ounces, vhile the blood

Pressure was‘ra;géd;to ?3/25; the 8ystolic pressure being

i S o L e




above and the diastolic pressure below the normal low
pressure readings.

Stated briefly it is to be noted that more than
double the force applied was not sufficient to compensate
for a comparatively moderate lezk. The greater the force
the greater is the systolic blood pressure and consequently

the greater the leak.

SERIES H. On a subsecuent occasion a

similar experiment was conducted, but the low pressure
had been adjusted to give a pressure of 154 mm.Hg., while
the leak was reduced still further to 3/16% diasmeter, or
the smallest leak possible with the schena. The normal
output at low pressure was 31 ounces, while with 4ortic
Incompetence of this degree, it fell to 8 ounces.
With the high pressure (280 mm.Hg.) the output only rose
to 26 ounces, Again, almost doubling the presswe did
not compensate for a leak which was only 9/64ths (say one-
seventh) of the size of the aorta. When, however,
diastole was shortened from 0.7 to 0.55, evén with low
pressure, the output increased to 29 ounces, while with
high pressure it shot up to 52 ounces,

The conclusion is similar to those already
obtained, viz: that considerable increase in force is
unable to compensate quite a small leak, while an

alteration in the length of diastole is easily able to
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overcome the difficulty.

The conclusions that may be drawn from these
experiments are :
(1) Aortic Incompetence is a more serious mechgnical
disability thun fortic Stenosis,
(2) A lexk offrom 1/2 to 1/7th the area of the aorta reduces
the output(other factors remaining constant) by more than
one halt, cciually 65,0 to 55,
(3) A leak within the limits of the schema reduces the
maximum blood pressure by 20-257 and the minimum pressure
from 50 to 75%.
(4) The size of the leak is relatively unimportant witﬂin
the limits of the schema,
(5) Reduction in the duration of diastole is the most
economical single method of overcoming the effects of t he
lesion,
(6) Doubling the ventricular force is barely sufficient
to compensate the leak,
(7) Probably a combination of shortened diastole and
incfeased force is the best method of compenéation.
(8) & leak of moderate severity is capable of using up
about one unit of reserve force, equivalent to the amount of

force expended with the heart acting quietly.



SERIES D.
AORTIC INCOMPETHNCL.

Series to show the effect of Aortic Incompet
on output with different lengths of systole and diastole,
and at different rates, with a constant head of pressure
and constant size of aortic orifice and aortic lezk. The

effect on blood pressure is also shown :

erice

H, ~ 28C mm.,Hs . e = 1/2% 2irmeter. iA.,I.L. - 2/8" giam
Normel, Rate - 67, A0rtic Incompetence.
No. S. 0. B.P. No. S, 0. L.0. B.P.
70 0.3 62 oz. 108/56. 71. 0.3 22 oz. 46 81/15
72. 0.4 96 * 125/64 73 0.4 52 " 44 105/29
"4, 0.45 115 " 132/70 75 0.45 78 " 41 119/39
6. 0.5 133 " 139/75 77 0.5 g7 n 36 128/46
Rate - 106, _
78. 0.3 64 oz. 96/50 79 36 oz. 25 83/20
80 0.4 96 * 114/60 81 68 " 24 108/s44
82 0.45 108 " 121/64 83 80 " 20 115/52
84 0.5 120 * 127/68 85 '92 " 16 122/57
Rate -~ 156,
86 0.3 40 oz. 170/44 87 28 oz, 8 59/71
88 0.4 56 " 88/50 89 44 " 9 73/43
90
0.45 63 n 82/51 91 : 56 " 6 78/48
92 ’ §
9 0.5 73 n 86/54 93 66 " 4 86/55




SERIES E.

Shows effects of rortic Incompetence on outwut.
Effects of different lengths of systole znd diastole =nd
at different reztes, with constant hezd of pressure, and
with aortic leak equal to aortic orifice, each being

3/8" dismeter :

H. - 280 mm.Hg. A.- 3/8" diameter. 4.1.L,_3/8% diem.
Normal. Rate - 68. Aortic Incompetence.

No. S, 0. B.P, No. 0, L.O. B.P.
118 0.3 59 106/56 119. 19. 44, 78/18.
120 0.4 88 124/68 121, 46 43 102/32
122 0.45 104 131/72 123 62 "~ 40 114/39
124 0.5 118 138/78 125 78 39 125/47

Rate - 104.

126 0.3 59 94/51 127 27 25 80/31
128 0.4 92 116/24 129 58 26 106/47
130 0,45 104 122/68 131 68 22 114/54
(R.96) (R.96)
132 0.5 124 . 123/70 133 88 22 116/56
L ‘ L.
34 0.3 - 50 79/44 135 35 8.5 70/37
136 0.4 66 89/52 137 39 6. 85/50
1;8 0.45 72 90/53 139 62 5. 89,/54

140 0.5 81 93/55 141 74 2. 94/59




SEEIES F.

Shows effect of variation in size of aortic leck,

other fsctors being constant:i-

Constant aortic opening - 1/4%

Constant hesd of pressure 280 mm.Hg.
Constant rate - 66 per minute,
Constant cycle - cystole, 0.3 : Diastole, 0.7,
Verying aortic lesk - 3/8" to 3/16".

No. S, 0, L, 0. B, P, A.I.L,
166 0.3 64 109/54

167 0.3 23 44 80/14  3/8"
168 0.3 22 44 80/15 5/16"
169 0.3 22 44 80/15 1/4"
170 0.3 29 38 88/26 3/16"
F.la

Similar to series P except - S. - 0.45
D' - O.55
Rate - 104,

17 0.3 63 94/52
172 0.45 118 120/66
173 0.45 88 .22 114/54  3/16"
174 0.45 80 26 112/50 1/4"
175 0.45 80 26 119/47 5/16"

176 0.45 78 28 114/50 3/8%




SERIES G.

To show the effect of increesed force on

Aortic Incompetence:-

H.P, 280 mm.Hg. A. 1/2" dicmetex.
L.P, 120 mm,Hg. AT L, 1/4% divmeter.
Rate - 64.
Lo, . 0. L. 0. B F._
. 205 L.P, 0.3 21,0z, - 64/46
A. I, 204 L,P, 0.3 2. " 24 36/11
N. 289 H.P. 0.2 54 - 116/74
A.I, 299 H.P, 0.3 14 “ 41 73/25

SERIES H. To confirm the effect of increzsed force:-

H.P. 280 mm,Hg, Ay 1/ dirmeter.
L.P, raised - 154 mm.Hg. A, I.L. 3/16" diimeter.
Rate - 70.

_No, S. 0. L. Q. B, P.
N, 324 L.P. 0.3 3l oz. - 78/56
A.I. 325 L.P. 0.3 g " 28 53/:3
N, 328 H.P. 0.3 56 " - . 116/70
A.I. 320 H.P. 0.3 26 " 38 81/57
Rate - 104,
N, 320 L.P. 0.45 52 oz. - 96/70
A.I. 321 L.P. 0.45 29 v 24 80/49
A.I. 331 H.P. 0.45 52‘ " 25 121/76




MITRAL IICOMPLETIINCE.,

In arranging the apparatus to record the
effects of Mitrzl Incompetence, note has to bte tzken of
the level at which the leak is led out,. During the
whole of ventricular systole, the period during which
mitral incompetence operates, the pressure in the lefk
auricle does not, according to the physiologists, rise
much above zero, the auricle gradually distending &as
tlood enters it from the veins, It is only during
auricular systole that the blood in that cavity is under
any appreciable pressure, and even then it is probably not
high. It is probable,however, that in cases of
mitral incompetence, the pressure iIn the auricle may be
increased during the time of operstion of this lesk.

In the experiments it will be observed that
records have been made of the effect of mitrsl
incompetence when the leak is led out against zero
pressure, and also when it is led out against a pressure
of 7% of water, which is equivalent to a pressure in the
left auricle of about 13 mm.Hg. This was done lest t he
records of the leak at zero pressure were in any way
exaggerated,but it is doubtful if this is necessary.

While the size of diaphragms used to
- determine the smount of the mitral leak were of exactly

the same dimensions as th@se used for the aortic leak,

- theéy would thus be smaller .in comparison with the size

of a mitrsl valve, which has a dismeter of one and one-
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ninth greater than the aorta. Thus, vhile a disc of
3/16" dismeter is about one-seventh thec arca of the czoxrtn
in the schema, it would only be sbout one-tenth the ares

of a corresponding mitral orifice.

SERIES J was designed to show the effect of
varying degrees of Mitral Incompetence whether led out
against zero pressure, or against a head of pressure of 7%
of water. It is to be noted that while the size of the
mitral leak affects the output, it does not do so in
direct proportion to its size. With a leak through an
opening of 3/8* diameter, or oneehalf the area of the aorts,
the output is reduced from 64 to 32 ounces, or by 50%, =and
causes a diminution in pressure from 114/61 to 81/45, a
reduction of 29% in the systolic pressure and 26% in the
diastolic pressure. When the leak is 3/16" diameter, or
one~seventh the area of the aorta, the output is reduced from
64 ounces to 46 ounces, or by 28%, and the Blood Pressure
falls from 114/61 to 99/55, a reduction of 13% in the
systolic and 107 in the diastolic pressure.

Thus, with. the smallest leak, which is one~-fourth

the area of the largest, the output is increassed by the

Lesion one half, And it has to be noted that though the

,_ §ﬁiI1itt leak is only equivalent to about one-seventh the

-ixia of the aorta, when led out agalnst zexro pressure it

ﬁel??irs dmost as ‘much fluid as passes into the amorta. This

Ry obviotaly a 8




in the =aorta, This point is probably not so mud:
appreciated in clinic=1l conditiona.

Given a lesk at the mitrsl valve equal in
size to the aorta, much more blood shkould pass intc the
left a2uricle than into the aorta, as the pressure in ths

auricle is very much less than in the aorte.

SERIES K shows the effect of relative

increzce in syctole as mey be rroduced by incyrecse in relc,.

It is to be noted that increase in the length of sysitole
produces an increase in the output in mitral incompetence,
but this in no case in the series does increase in systole,even
up to 0.5, compensate for the lesion, the highest figure
obtained being 49 ounces at the low speed when systole is
increased from Q.3 to 0.4 against a noxmal output of 56 ounces,

It is further to be noted that to obtain an

output of 49 ounces, the heart had to deal with 185 ounces

of water. This is in striking_contrast to the results

obtained in Aortic Incompetence.

SERIES L' is similar to the last one witn
the exception that the diameter of the leak is reduced %o
3/16", It is to be noted tnat when the le ck is
sufficiently small, in this case being equal to about one-
seventh the area of the aorta, prolongation of systole

from 0.3 to 0.4 is sufficient to fully compensate for t he

leak, the output being 73 ounces as against the normal gt




0.3 of 66 ounces, But again it is to be noted that in
order to obtsin this result thc heart had to dezal with

135 ounces of water.

SERIES M shows the effect of increased presswe
in Mitr=1 Incompetence. It is to be noted that an increcse
of pressure from 154 to 280 mm.Hg. or of 80%, is fully =slble
to compensate for a mitrsl leazk equal to one-quarter the
gsize of the aorta, the output being 40 ounces agzinst the
normal at the low pressure of 34 ounces. When systole is
increzsed to 0.45, even at the low pressure the leak was
just compensated, while at the high pressure it slmost

doubled, being 64 ounces against the normal of 34 ourc es.

SERIES N is a further attempt to determine the
effect of increased pressure in this case with the minimum
mitral leak possible with the schema. It is to be noted
@pat with a reduction in the size of the lezk, increase in
pressure from 154 to 280 mm.Hg., or by 80%, is more than
ample to compensate for the loss due ta Mitral Incompetence,
the output with systole at 0.3 being doubled and almost 50

above the normal output without a leak.

The following conclusions may be drawn from this

group of experiments :-
(1) Mitral Incompetence is more serious mechanically than

Aortic Stenosis but does not reduce the output so much‘as.




Aortic Incompeterice,

(2) With leaks from one~half to one-seventh the area of

the aorta. mitral incompetence reduces output from 50 to

28%, while aortic incompetence reduces it from 65 to 555.

(3) 4 leak within the limits svailable with the schems,
reduces the maximum blood pressure from 29 to 13, and the
miniznum blood pressure from 26 to 104,

(4) In no case is the minimum blood pressure reduced s0

muchh as in aortic incompetence, the reduction with the latter

being - maximum 25 to 204, and minimum 75 to 50%.

(5) The size of the leak is more important in determining
the output than in the case of aortic incompetence.

(6) Incresse of pressure by 80% easily compensates any leak
available with the schema,

(7) Relative increase in systole within reasonable limits
cannot compensate a lezk equal to one~quarter the size of
the aorta but can compensate a smaller leak of one-seventh.
’(8) A leak of moderate severity probably uses up about one-
half of one unit of reserve, or half the force required by

the heart when acting quietly.

s
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KITRAL INCOMPETZNCE.

SERIES J.

To show the effect of varying degrees of Nitral
Incompetence when led out against zero pressure, =z2nd
against a head of 7" of water, the size of the aorta, the
rate of beat, the duration of systole and head of supply
pressure remaining constant :

Aortic opening - 1/2".
Head of Pressure - 280 mm.Hg.
Rate - 67 per minute.

Cycle - Systole, 0,3: Diastole, 0.7.
Varying leak - 3/8* to 3/16".

Against zero pressure, Against 7" water pressure
or 12 mm,Hg.

No, L.o, 0. L. B.DP. No. 0. L, B.P.
272 64 114/61,

274 3/8" 32 90 81/45 273 41 58 93/53
276 5/16% 36 84 83/50 275 40 56 94/54
278 1/4* 39 66 89/53 277 43 48 96,/54

280 3/16™ 46 42 99/55 279 54 37 102/57




SERIES K.

To show the effect of varying proportions of

systole and diastole in Mitral Incompetence led out against

zero pressure and at different speeds, the pressure, size

of aorta and size of lezk being constant (the leak being

maximum, 3/8" dimmeter).

No,
196
199

200

202
205

208
211
212

H.P, 280 mm,Hg. A.1/2® diameter, M.I.L. 3/8" diameter.
HORMAL . MITRAL INCOMPETEICE.
Rate -~ 64.

8, O,  _B,P, No, S, 0. L, B.P,

0.3 56 98/54 197 0,3 20 78 60/40

0.4 105 136,/70 198 0.4 49 136 80/52

0.25 52 120/52 201 0.25 25 73 68/43
Rate - 98,

0.3 56 92/54 203 0.3 24 82 60/42

0.4 o1 115/67 204 0.4 40 128 75/51
Rate - 146,

0.4 74 102/60 209 0.4 28 116 65/49

0.5 89 109/68 210 0.5 29 144 65/50

0.3 56 90/57 213 0,3 23 76 61/47
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To show the s=mme poinis as series K, the

mitral leak being reduced to the minimum used in the

schema, viz: 3/16" diameter:-

H.P, 280 mm.Hg. A, 1/2* dimmeter, M.I.L., 3/16" dizm,
Normal. Hate -~ 66, Mitrel Iucomyueteice,
No. S. 0. B.P. No, S, 0. L. B.P.
214 0.3 66 113/59. 215 0.3 50 44 97/53
217 0.4 100 133/75 216 0.4 72 63 116/65
218 0.25 52 97/51 219 0.26 36 36 83/45
Rate - 1000
220 0.3 56 90/52 221 0.3 40 44 76/46
223 0.4 90 115/66 222 0.4 65 62 96/57
Rate - 150.
227 0.5 80 107/66 226 0.5 52 76 86/55
528 0.4 67 100/59 229 0.4 44 58 78/50
231 0.3 52 95/61 230 0.3, 32 40 71/46




SERIES M.

Series to show the effect of increased
pressure in overcoming Mitral Incompetence - leak 1/4"diametcr .

led out against a pressure of 7" of water:

L.P. 154 mm.Hg, H.P. 280 mm,Hz.
Rate: 66-70.
No. S, 0. L. B.P, No, 0. L, E.P,
N.333 0.3 34 - 66/44
MI. 335 0.3 24 16 55/43 354 40 34 80/55
MI. 336 0.45 35 24 70/53 353 64 56 104/70

SERIES N.

To show the effect of increased pressure at
different speeds and with the mitral leak reduced to the
minimum of 3/16" :

L.P. 154 mm.Hg, H.P, 280 mm,Hg.
Rate : 66 -~ 69.
No, S, 0. L, B.P. No, 0. L. B.P.
N.357 0.3 33 - 70/51
.358 0.3 24 18 57/41 383 48 28  81/48
1.361 0.45 36 26 68/52 381 82 48 102/62

3 .

Rate : 100-104.

. 365 Q.45 43 33 75/56 379 72 44 96/64

Rate : 150-152,
.37 0.5 30 42 59/40 377 56 37 84/54
[.373 0.6 35 52 64/46 375 62 50 89/59
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MITRAL STENOSIS.

In adapting the schema to imitate Mitzre
Stenosis, certain physiological and anatomical facts have
to be recognized :-
(1) The mitral orifice is larger then the aortic orifice,
the respective diameters being 1.1 and 0.9 inches - the
area of the mitral is therefore about one and a half times
the area of the aorta,
(2) The pressure in the auricle, even during its systole,
is never so high as that in the ventricle during its systole.
(3) The valve is open for a relatively long time, roughly
5/8ths of the cardiac cycle.
(4) Blood passes from the auricle with s relatively low
pressure into the ventricle with zero pressure. There is
no resistance comparable to that which the ventricle has to
overcome. In diastole,pressure in the ventricle falls at
first rapidly, and then more slowly until it reaches the
line of-zero pressure, and remains at or near this line
during the greater part of diastole.

It was necessary to alter considersbly
the conditions in the schema, utilising the valve to
represent the mitral orifice and at thc same time obtain a
flow through it roughly ecual to what was obtained through
the aorta with the normal high pressure. The valw had
to be kept open for fhe longest possible time to imitate
veniricular diastole, and resistance had to be removed to

Correspond with the lessened resistance in the ventricle.

SRR, S




By removing the resistance of glass wool, znd the venous
head of pressure, and by lengthening the outflow time to
0.6 of a cycle, an output of 56 ounces was obtained with a
head of wéter pressure of 68 c.m. or equal to 50 mm.Hg.,
roughly one-fifth that used to produce High Pressure output
with the schema as previously described.

It was not found possible to take satisfactory

tracings but the results of output have been tabulated.

In SERIES O the effect of Mitral Ctenosis on
inflow to the ventricle is seen. Feduttion of the mitral
area to one-quarter of its size only diminished the flow
from 56 to 50 ounces, i.e. a reduction of 754 in the inlet
only reduced the flow by 11Z. Shortening of ventricular
diastole, which would be produced by any icrease of rate of
the heart, made a much greater difference, Thus, with
diastole reduced from 0.6 to 0.5 of a cycle, the infl ow fell
to 39 ounces, a reduction from normal of 17 ounces, or 30%.
This point is worthy of note, in that the rapid rate which
is associated with the onset of Auricular fibrillation, which
is not uncommon in this condition, will mzke considerable
difference to the efficiency of the organ from the point of

view of this fact alone.

From SERIES P it can be concluded that imc reese
of pressure from 68 c.m. to 80 c.m. was sufficient to

overcome the obstruction of Stenosis of oné4quarter the

normal area, giving an ;nf}qy;92&5?-%ﬁ§QQ§;§um§gxed with
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the ro:m 1 non-sterosis irnflow of 56 ounces. This increase
ih the force by 17,0 was sufficient to overcome éhe resistance
offered by 2 sterosis Which reduced the ares of the valve

by 75%. It could not, however, do this if the diastole
were shortened, such as would be produced by increase of
heart rate. If diastole were shortened to be one-hnlf the
cycle, then the pressure had to be increased to 105 cm.HEO.,
an incresse in force of 54%. This reduction in the length

of diastole corresponds to an increase in heart rate of only

from 66 to 82.5 per minute, or 24%.

SERIES Q was performed without even the
resistence offered by the arterisl tube: the flow was tsken
direct from the main pipe, and it can be seen that a
conparatively small increase in force was sufficient to
overcome the effect of the lesion, but when diastole was

shortened the force had to be increased,

~ The conclusions that may be drawn from the
experiments in Mitral Stenosis are :-

(1) Narrowing of the mitral orifice td one-quarter of its
size only reduces the inflow to the ventricle from 56 to

5@ ounces, or from 68 to 60 ounces, depending on the decree
of resistance, Thst is, reduction in the size of the orifice

by 75% only reduces the inflow to the ventricle by 11 or 12%.

(2) An increase of pressure of 17% was sufficient to

overcome the effect of reduction in size of the mitrazl




orifice of 75:.

(3) Increased heart rate with reduction in the length of
ventricular diastole increased the effect of mitral stenosis
on the flow,. An increase in rate of 24% called for an
increase in force of 54%.

(4) Considerzble increase in heart rate, such as occurs in
paroxysmal tzschycardia, auricular flutter, or auricular
fibrillation, would emphasise very materially the effects

of a stenotic lesion simply by'the great reduction in the

length of ventricular diastole,
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MITRAL STELOSIS.

SKRIES Q.

To show the effect of Mitral Stenosis on inflow
to the ventricle, the only resistance used being that of
the arterial tubing at the level of the schema.
The maximum flow period (ventricular diastole (V.D.) )

available with the valve, was 0.6 of a cycle:

Pressure : 68 c.m.ng. or 50 mm,He.,

Normal, Rate : 66. Mitral Stenosis,
Inlet - 1/2" dismeter. Inlet - 1/4" diameter,
No. V.D, 9. No, v,D, 0.
458 0,6 56 : '459 0.6 50
461 0.5 39
SERIES P.

To determine the increase of pressure necessary
to overcome Mitral Stenosis of the same degree and with the
same resistance as in SERIES O:

Mitral Stenosis - 1/4" diameter,

‘YNo. V.D. Pressure 0.

Full Opening of 1/2". 458 0.6 68cm.H50. 56
Mitral Stenosis 1/4®. 462 0.6 78cm.H50. 54
. " " 463 0.6 85cmH,;0. 59

v n " 464 0.6 80cm.H50. 57

" " * 465 0.5 80 cm.H,0. 46

" " » 466 0.5 98 cm.H,0. 53

L




SERILE Q.

»

4 series to demonstrate the effect of
Mitral Stenosis without even the resistance offered by the

arterial tubes, outflow being measured from the main outlet

pipe:
Rate -~ 66,
No, V,D. Pressure. 0.
Normzl. : 471 0f6 76 cm.H20. 68
Mitral Stenosisl/4"472 0.6 76 cm.Hg0. 60
" " " 468 0.6 105 cm.Hzo. 80
Mitral Stenosis 1/4"469 0.5 105 cm.Ho0. 64

. " " 473 G.5 6 cm.H20. 54.




COMBINED LESIOILS.

SERIES R shows the effect of aortic
lesions singly and combined, at low and high pressures.
Aortic stenosis reduces output 3 to 12/, Aortic Incompetence
52 to 64%, and a combined lesion 60 to 67%. Aortic
stenosis therefore adds comparatively little load to the
heart compared with Aortic incompetence.

Further, increase of pressure by 80% in
aortic stenoéis increases output 47% above normal, but with
aortic incompetence it is 19% short of compensati on, and

with the combined lesion 33% short of compensation.

SERIES S contrasts the effect of Aortic
Incompetence and Mitral Incompetence on output, the leak
being led outthrough a 1/4" diameter tube, aortic Incompetence
reduces output by 64 to 56, while with the same size of
leak Mitrzl Incompetence reduces output by 49 to 42%, or if
led out against small resistance, by 31 to 27%. The effect
of increased pressure is also contrasted. Increase of 80
cbmpensates Mitral Incompetence, while Aorfic Incompetence
is still 18% short ofhbeing compensated.

It has to be noted that 1/4" diameter is

a smaller proportion of the mitral valve than of the aortic

valve.

SERIES T shows the reduction in output
which occurs when Hitrg; Incompetence is present along with

iiortic Stengsiw an




The double aortic lesion reduces output by 69 to
66%, but when combined with Mitral Incompetence the outnut
is reduced by 85 to 80%.

Increase of pressure by 807 lesves the double
aortic lesion still 39% short of compensation, but when
combined with Mitral Incompetence, 647 below normel output
at low pressure,

It is not possible with the schema to combine
Mitrel Stenosis with any of the other valve lesions,

The genersl conclusions which may be drawn from these
experiments are confirmatory of those obtained from the
pressure series:

(1) Aortic Stenosis is relatively benign and uses up little
reserve, probably not more than one-tenth of a unit.

(2) &4ortic Incompetence is the more serious of the three
and probably uses about one unit.

(3) Mitral Incompetence is intermediate and probably uses
up three-quarters of one unit.

(4) An increased head of pressure readily compensates
Aortic Stenosis, with more difficulty Mitral Incompetence,
and it does not compensate Aortic Incompetence even when
increased by 80%.

(5) Aortic Stenosis adds a slight extra load when present
with Aortic Incompetence.

(6) Mitral Incompetence adds a serious load when combined

with aortic lesions - the combined lesions probably usxng up

about one and one half units of rasarvo..




SERIZS R.

To contrast the effect on output of .ortic
Stenosis, nortic Incompetence, and combined Lortic Stenocis

and Incompetence, and also the effect of increased nressure:

L.P. 154 mm,He, H.P. 280 mm.He, S, 0.3

N FRate - 68 3 i
—2- 0. _L.J. B.P. No. o, L.0. _Z.E.j
N. 436 (& - 1/2") 36 69/43 430 60 94/55]

AS. 434 (A35.1/4%) 35 - 63/29 432 53 84/51}

AL, 437 (AIL.3/16") 13 26 50/22 431 29 34 74/32]

.S. 435 (AS.1/4")
I

(AIL 3/16%) 12

D
A

46/20 433 24 20 64/30

To contrast the effects on output of Aortic

Incompetence and Mitral Incompetence, and also the effect of

pressure :

L.P. 154 mm.He, H.P. 280 mm.Hg, S, 0.3
Rate 68
No. ' 0. L.0, B.,P. _No. O, _L,Q0, _B.P.
K. 392 (A. 1/2") 39 - 67/42. 389 73 - 98/55
A.I. 393 (4L.1/4") 14 28  48/18. 391 32 29 78/:8
M.I. 395%(ML.1/4%) 20 42  44/30. 396° 42 64 71/42
M.I. 3204°(ML.1/4") 27 = 26 54/35. 390° 53 45  84/50

X In 395 and 396 mitral leak led 6ut against zero pressure.

0 In 394 and 390 mitral leak led out against 13 mm.Hg. onress.




SERIES T.

~7
Gy

To contrast the effect on output of

Aortic Stenosis and Incompetence, and aAortic Stenosis znd

Incompetence combined with Mitral Incompetence, =nd &lso

the effect of increased pressure :

L.P. 154 mm,Hg. H.P., 280 mm.Hg. Systole 0.3.
Rate = 69.
No, 0. B.P, No, 0. B.F.
N. 410. (A. 1/2") 39 68/44 411, 70, 104/56
AS, 409 (AS.1/4%) 36 . 62/40 405 52 80/5C
AS. 435 (AS.1/4v) 420 =20-
AS, . 12 23,46/20 433 <
as. he S ren / 24 29.64/30
MLO.
AS, 408. (As.1/4™) 6 21.40/14.  32.40%. 14 26 52/2¢
AL.3/16" MLO
ML.3/16" ~20.

490,
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ANALYSIS OF CLIFIC.L CAL LU,

CLASSIFICATIOQN.

The cases included in this analysis have been
a consecutive series admitted to Professor lMonro's Wards
in the Western Infirmary during ten years from 1lst Octoter
1913/30th September, 1923. They have been cases
admitted on account of symptoms of failing circulation a5
defined in the earlier part of this communication.

Cases of renal disease have only been
included when symptoms were present which appeared definitely
to point to heart failure,

Cases of Aneurysm without involvement of the
aortic valve have been excluded, while it has also been
thought adviaaﬁle to leave out of account 13 cases of
Pericarditis and 4 cases of Paroxysmal Tachycardia for the
main purposes of the analysis.

The classification which is used has been
adopted with a view to excluding, as far as possible,
debatable points in diagnosis. It is further to be noted
that many cases of valvular disease are not included in the
series, because the patients were suffering from some other
condition and made no complaint of symptoms which might be
ascribed to the valvular lesion. The criteria which

have been uae@ in the classification may bve briefly noted :

Mitral Stenosis.

Mitral Stenosis was diagnosed in the presence




o
(G-

of a presystolic murmur at the apex, with o¥r without =zn

early diastolic murmur, It was not considered advsntrieou!
to attempt to distinguish those cases which also showed the
presence of a systolic murmur from others in which this

sign was absent, so that under the heading of Mitxr 1 ltenosis
there are included cases which would, by some, be designetcd
double mitral disease.

In the presence of Auricular Fibrillation, the
presence of an early diastolic murmur at the apex in the
absence of Aortic Incompetence was considered to be
diagnostic, Only in an occasional case was the diagnosis
made from the presence of an abrupt first sound at the
apéx in the absence of a presystolic or diastolic murmur,
and then only if‘it occurred in a person before middle life

and with a clinicsal history of rheumatic fever,

AORTIC INCOMPETLNCE.

Aortic incompetence was diagnosed in the presence
of a diastolic murmur at the aortic cartilage or down the
left side of the sternum, and in most cases with confirmation
from a large pulse pressure, particularly with the diastolic
pressure less than normal and the presence of pulsatile
arteries. No attempt was made to distinguish those cases
in which the lesion was combined with that of Aortic Gtenosis,
as it was recognised that a systolic murmur in the aortic

~ @rea was not in itself sufficient evidence to warrant such a

diagnosia.




AORTIC INCOMPETENCE AND KITR.L STELOLIS.

The combination of Aortic Incompeterice with
disease of the mitr:l valve was only made in cases where it
could be reasonably inferred that there was Mitr: 1 Gtenosis.
-In no case was the presence of a simple systolic murmur
at the apex tsken as evidence of mitrcl disesse, It vill
thus be evident that some cases may be included as pure
Aortic Incompetence in which there was mitrsl disease, the
only lesion being Mitral Incompetence. These will be

referred to later.

MITRAL INCOMPETELCE.

Mitral Incompetence presented consideratble
difficulty and it was sometimes impossible to determine
whether the patient was suffering from primary disease of the
mitrel valve, or from secondary end relative incompetence
due to myocardial change. In patients with a systolic
murmur at the apex, those with a definite rheumatic history,
or those under 40 years in which no other ctuse for myocerdial
damage could be discovered, were included as cases of primers
Mitral Incompetence. Cases of patients over 40 years,
unless there was a very definite rheumatic history, vere
supposed to be cases of secondary Mitral Incompetence

following myocardial c¢hamnge. Blood diseases were not included.

) AQRTIC STENOSIS.,

Thg g?;tégit‘;aken as evidenée,of this condition
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were & rough systolic murmur at the aortic cartilsge, and
a thrill in the same area and some cardiac enlargement.

In the series there was no such case which was not present
in combination with Aortic Incompetence, .therefore iortic
Stenosis does not appear as a separate class in the

cliniczl analysis.

MYOCARDILL DEGEHERATION.

Under this heading were included zll those
patients suffering from symptoms of failing heart which
could not be placed in any of the groups of valvular

disease.

ETIQLOGY.

In defining the etiological factors which
have been present in the series, the ultimate object of the
enquiry has been kept in view, viz: to determine from the
gross lesion present and the knowledge of its cause, the
probability of damage to cardiac muscle.

Cases have been included as rheumatic vk n
there was a definite history of rheumatic fever, chorea, or
definite growing pains in childhood, but muscular rheumatisn
and chronic rheumatism have been excluded or are specially
mentioned. In the vast majority of cases noted as
syphilitic, the Wassermahn reaction was positive and other
cases have only been included when there was a definite

history of the infection,or other facts which clearly pointed




to its presence,.

Cases of nephritis are those which were
associated with high blood pressure and they are grouped
along with the cases of arterio-sclerosis. Some of thoce
gases also had a history of chronic bronchitis. Scarlet
fever, influenza, diphtheria, frequent sore throats, and
bronchitis, have been included under the general term of
‘other infections’',

Alcohol is mentioned separately because it
was in cert:zin cases the only ascertainable cause and the
amount consumed in each case was definitely excessive.

Under the heading of 'no history' are included
43, or 13.4%, of the cases. This may be taken to mean that
there was no factor in the history which could reasonably be
supposed to explain the heart disease. Of these, 25 or
10.62%, occurred in valve cases, and 17 or 21% in myocardial
cases. The majority of the valve cases were probably
rheumatie, as they occurred mostly in those groups with a
high—}heumatic history, but it was considered advisable *c
keep them in this group as there was no definite evidence.
Absence of history was,.more common in female than in male
cases,

The etiological factors will be fully
considered when dezling separately with the different valve
lesions and myocardial degeneration, but some general
observations may be made ét this point: Details will be

found in tables in appendix A. 4 to 12;



Of the total of 370 cases of failing heasrt,
242 were valve cases and 78 myocardisl ceses, 0f the
320 cases, 148 or 46.20% were definitely rheumatic, this
being by far the largest group in the series,

In the 242 valve cases (table A 4) it wss
found to be the cszuse in 145 or 607, accounting for 68.5¢
of the fem=le cases and 51.2% of the mzle cases. A
rheumatic history was more common in male patients who
suffered from Mitral Ztenosis than in femszle patients(75;.
and 68.6% respectively in pure stenosis, and 100% and 72.7%
respectively in combined lesions).

Definite syphilitic infection was noted in
63 cases, or 19.7% of all cases, and in 53 or 22,0 of the
valve cases. It reached its highest percentage in pure
sortic Incompetence when evidence of syphilis was obtained
in 70.75% of the male cases and 66,667 of the female cases.
The Wassermann reaction was positive in 51 of the 63 cases;
in the other 12 cases there was definite clinical evidence;
in noléase was the Wassermann reaction negative.

It is to be noted that evidence of syphilis was not obtszined
in any case of pure mitr:zl stenosis or of combined mitrsl
stenosis and aortic incompetence in e ither sex.

Renzl disease, or arterio-sclerosis,occupies
the third place in etiologicsl factors. It was present in
28 cases or 8.75,, of the total, but when the 78 myocardial

cases are considered slone it was found to account for 27

or 34.6% of these, and in the group it is the commonest



etiologicsl factor. Other etiologicsl factors
occurred too seldom for the figures to be of any special
value and it is to be noted, as already mentioned, th=at

in 43 cases or 13.4%'no.history of any value was ascertsin-

able.

Average ages, (Table 4.10.)

The average age of all patients in the
series was 39.76, the male patients being slightly older
in the =verage than the females (42.09 and 37.19 years
respectively). It has to be recognised that in genersl
patients under 12 years of age are not asdmitted to Hospital.
As might be expected, putients suffering from
valvular disease come under observation at an earlier
average age than those suffering from myocardial disesase,
and likewise those valve cases which might be reckoned as
Theumatic c¢ime under observation at an earlier age than
those which are syphilitic, in both sex groups, the difference
in thewfemale group being about 20 years, and in the male

group about 14 years.

m (Table A.11)

The death rate noted when in Hospital of the
Patients in this series was 19%. It is much grecster among
the male patients than smong the female patients - 247 in
- the former and 14% in the latter, but in this connection

it is to be noted (see table 4.10) that the age at which

male patients came. under ‘

prvation wgs1naually £17e years

SN



- 84 -

more than that noted for females.,

The highc:.t deeth retve occurred in
syphilitic aortic incompetence in males, 33:. of the prtient:
dying, and the lowest death rite in any group of moderste
size occurred in femele mitr+1 stenosis with = death rle
of 11%.

It is to be noted thot fitrillation wac
present in 27% of the czses in the series, and in 28y of
those who died. This might be erroneously interpreted
as indicating that auricular fibrillation does not speck 11;
embarrass the heart. It must, however, be taken slong
with the féct that in fibrillation the extra load can be
in great part 1lifted by trestment with digitalis, while in
other cases thevload is not so amenable to drug treztmernt.

It may further be observed that while
syphilis was present in 20% of all cases, it was noted in
29% of those who died, while rheumatism was noted in 46% of
all cases but only in 437 of those who died.

Those suffering frdm other infections, or

giving no history, constituted the balance, viz: 28%.
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RELATION OF VALVE LESIOLS TO:

1l. Increased load.
2. Muscle dcmage.
3. Cardiac failure.

It is my intention to discuss only the
four well recoznised valve lesions of the left side of the
heart, viz: Aortic stenosis, aortic incompetence, mitral
incompetence and mitrsl stenosis.

Following the view that cardiac failure is
due to a disproportion between heart load and muscle

reserve, I shall, tvking each in turn, treat -

1. Of the increased load that the lesion adds to the work
of the heart, as shown by the results of the experiments

with the schema:

2. Of the relation which the lesion bears to muscle
damage in lessening reserve, &s indicated by the commoner

etiological factors found in the clinical analysis:

3,_ Of the relation to cardiac failure in view of these

two considerations.

(23



AORTIC STEIOSIS.

Relation to load.

As has been shown in the experiments z degree of
stenosis diminishing the aortic orifice to one quarter
of its area produces a comparatively slight reduction in
the output. EBven if we argue from those cases which
have shown a larger reduction than some of the others, we
find thet the diminution in output is about 164, wheress
the reduction in the aortic opening is 75%.

With the reduction in the output the blood
bpressure is also reduced, this being slightly more marked
in the systolic than in the diastolic pressure.

The load added by aortic stenosis even of a sever
degree must be very little and the deduction from the
experiments is that it probably amounts to about one~tenth

of one unit of reserve.

Relztion to muscle damage.

Aortic Stenosis is not a common solitary lesion
of the heart. It did not occur once in £his series of
cases, If the aor%ic valve is damaged by rheumatism, or
by syphilis, sortic incompetence is przctically always
Present with or without additional stenosis,

Primary pure Aortic Stenosis is due in most
cases to atheroma of the senile type. As this seldom
occurs before the sixth decade of 1life its significance

s¥hich may

S Zapan

is masked by the deseperatiggagf~hgg;tvauh@l
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occur as a resuli of zge, or as & result of co-existing
atheroma of the coronary srteries producing fibrous or

other degeneration of the muscle.

Relation to Cardiac Fszilure.

If the view is accepted thest cardiac fa lure
is due to a disproportion between the state of the heart
muscle and the load which it has to carry (and this will
bte accepted throughout the discussion) then cardiac
failure in aortic stenosis must be related very much ma e
to the damage done to the muscle, than to the load of the
aortic stenosis which is comparatively slight and could

easily be met from c ardiac reserve.

&3
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AORTIC INCOLIILTEICH,

Relation to loac.

Results of experiments show that lortic
Incompetence is the most serious of the valvular lesionc
considered mechanically. Yhether judged from tne
diminution in output which it causes, or the difficulty
in overcoming its effect, z leak of moderate severity
probably doubles the resting work of the heart - that is
uses up ¢rout one unit of reserve,.

It therefore follows that if the heeart
muscle is healthy it should be able to overcome the lesion.
The lesion thus would rot by itself produce cardiac
failure in a heslthy heart, though normal reserve would
be limited and symptoms would be produced more readily

than before the onset of the valve defect.

Relation to muscle damaggﬁ

In the clinical series there were 74 cases
of pure aortic incompetence and 23 czses in which it was
cofibined with mitr:1l stenosis. Of the pure cases 705
were syphilitic and 24% rheumatic. Of the combined
cases no one was syphilitic and 847 were rheumatic.
Of the total of 97 cases, 545 were syphilitic and 39%
rheumdtic. Included in the cases called pure are those
in which & systolic murmur was present at the apex, but
without othe:revidence,qf'mitral disease;, It is_prdﬁﬁﬁiéLi

that some of thess f combined lesions,

in which caéﬁ



would be higher than that stated. My figures lesd me
to suprort the view of Cowaéjéigt *the co=-existence of
mitral and aortic disease strongly suggests s rheumatic
origin, while pure aortic disease suggests sypnilis", and
to confirm the percentage of syphilitic cases as found

13)

by Ritchie} (14) I feel induced to stress this point, =s
Fussell Wells:z2s stated thaet "“syphilis is not of mucn
importence as a cause of zortic regurgitation in the case

of men between the ages of 18 and 41", The statement was
based on 307 cases of aortic incompe tence in 10,000 cases

of doubtful heart disease exasmined with a view to determining
their fitness for army service. Wassermann test was not
employed. The age grouping has a bearing on the statement
and to meet.the discrepancy I have divided the cases in the
series into two groups = those within this age period and
those above it (Table A.9). Of the pure aortic cases

50% within the lower age group were syphilitic, while

taking all cases, pure and combined, 25% were syphilitic.

I cannot therefore subscribe to the view enunicated by Tells,

which appears to me to be misleading.

Syphilis,

It is rare to find syphilitic disease of
the heart confined to the aortic valve. In most eases

the valve lesion is associated with syphilitic aortitia, and

15}
as has been shown by Van der Stricht and Wingate Todé ﬁhere '

is often direct damage to tha mnacle fibroa., '.The,




coronary arteries are also frequently involved either wiin
endarteritis in some part, or by pressufe occlusion st the
origin in the aorta. It may therefore e accepted that
in Aortic Incompetence due to syphilis, damage to the hcart
muscle is a frequent, if rot a2 const:znt accompaniment of

the valve lesion,

Rheumatisn.

In rheumzatism the infection is seldom
confined to the valve, but the hecrt muscle is zlso damaged
- in the primary infection though it may a pparently recover
in some cases more than the comparatively evascular structure
of the valves.

It is to be noted, &s has been pointed out
by Grossé}éghat blood vessels are present in healthy valves
in early life, but that they gradually disappear during
early adult life, and are seldom, if ever, found after the
age of 30, Further, he points out that the aortic valve
loses its blood vessels before the mitrsl and that the lcs
cusp’of the mitral to become evascular is the aortic cusp.
If, as is believed, the rheumatic infection is blood borne
then there will be a-greater liability for involvement of
the mitrsl than of the aortic valve, o thet one may reason
that if the aortic valve is involved in the rheumatic process
the infection has probably occurred at an early age, and that
it has likely been seveie: Also that it is likely to be

888oclated with disease of the mitral valve and alsc with



damage to the hezrt muscle. Rheumetism affecting the
aortic valve therefore, in the majority of cases implics

that there is other damage to the heart in muscle or in valve.

Atheroma.

Apart from the type which is sometimes called
syphilitic atheroma, and which has alrezdy been considered,
atheroma is a disease of later life. If the aortic valve:
suffer it is because the aorta itself has suffered snd so
there is specizl liability to involvement of the corom ry
arteries. There is thus reason to expect along with
this type damaged cardiac muscle, both from defective blood
supply and from the effects of age, while the lesion itself
is likely from the nature of the case to be progressive.
Long continued strain has been accepted as & cause of
aortic incompetence, but unless it acts through the
production of srterio=-sclerotic processes, its action in
producing aortic incompetence is difficult to understand
if the valve has previously been healthy.

It will thus be seen that no matter which
of the known etiological factors has been at work in
producing Aortic Incompetence, there is a special licbility
to invelvement of cardiac muscle,

It would further appear from the death rete
(Table A.11) that syphilitic aortic disease is more serious

than that due to other causes.




Relation to Cardiac Failure.

Both of the factors which l1imit cardisc
reserve, viz: incressed load and diseased hezart muscle,
operate very definitely in this condition. The relation to
cardiac failure is therefore very close.

If one compares the mechanical effect of
mitrsl incompetence with that of aortic incompetence, it iz
seen that while aortic incompetence is the more serious, the
difference is not so great as that between the two conditions
clinically. Yhile it may double the work of the heart
there would still be sufficient reserve for the heart to
carry on, if it is accepted that the heart has a reserve
of four times the force expended when acting cuietly.

One must therefore infer that the special
liability of the heart muscle to serious damage jin this
condition is the predominant factor in using up cardiac
reserve and causing hecrt failure, though it is recognised
that the lesion is itself a serious handicap. The
relative incompetence of the mitral valve which may arise
from dilatation of the left ventricle or miﬁral orifice

adde a further load in this condition, and increases its

gravity,
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MITRLL I1COMPETEICL

Relation to load.

Mitral Incompetence is found to add =
considerakle load to the hesrt, hteing comparatle to
Aortic Incompetence inthis connection. Adopting the
same method of estimation, it may be said that it redw es
the reserve by three-fourths of one unit. The degree
of the mechanical defect arises mainly from the fact that
the ventricle has to force blood into the aorta against a
head of pressure which is practically non-existent in the

left 2uricle, so that regurgitation is relatively easy.

Relation to muscle dumage.

.Of the 33 cases of primary mitral incompe tence
in the series, 85% gave 2 history of rheumatic fever.
It has been suggested that this 1esf§§“¥§§L an old acute
rheumatic endocarditis, while mitral stenosis is due to a
sclerosing endocarditisglv)This is not brought out in the
series, as repeated attacks (up to 6) of scute rheumztic
feve;: have occurréd in both groups. The only point
which might suggest milder attacks in mitral stenosis is
that in female cases a'rheumatic history was obtained in
90% of the incompetence coses, and only in 69% of the
stenosis cases.

It is generally recognised that after an
attack of acute rheumatism there may be evidence of mitral
incompetence, and without any further attack mitral stenosis

is found to be present some years iktex.

EAR LT e - e

Berticularly if the
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attack has been sefere or hes occurred in early life.

If mitrzl incompetence of rheumetic orisinr is
present as a pure condition in middle life, it may be
inferred that the attack has been mild and consecuently
there is mitral stenosis. Such a conclusion would not,
however, be justified in early life or even azfter an attack

of rheumatic fever.

Relation to Cerdiac Feilure,

Primary mitral incompetence bears a less
close relationship to cardiac failure than does mitrzl
stenosis or aortic incompetence, and it is much more
difficult to assess the probatility of muscle damage.
Enlargement of the heart is possibly the only sure guide.

" If the muscle is damaged then the load added
by the lesion is sufficiently severe to be an important
factor in limiting reserve and so encourazging cardiac
failure. On the other hand it would appear that mitr-1
incompetence may be presenf for many years with little
evideqpe of muscle damage, in which case the cardiac reserve

is able to deal with the defect.

There still remains the large group of
cases in which mitral incompetence is present, but in
vhich there has been no primary disease of the valve - cases
Qf secondary or relative mitral incompetence. As far as
| Possible these cases, if they presented signs of failimg

hea?t (ana only such have been included in the figures),




have been placed under the heading of myocardial conditions.
In them the question of load does not specifically arise,

a8 the regurgitation has arisen as a result of fecilure on
yhe part of the muscle to perform its fumction efficiently,
and the grcvity of the case depends on the disease which hes
damaged the heart muscle, particularly as the majority

of these cases arise in the later years of 1life.

One must,however, assume that the mitrsl leak adds to the
load of the zlready damaged heart, and that consequently

it must further limit the already diminished cardiac reserve.




MITESL 5T.1.051IS.

Relation to load,

Judged from the result of the experiment-,
‘mitral stenosis is comparable with aortic stenosis rsther.
than with lesions producing regurgitation, With
reduction in the area of the orifice by 75% the flow was
only reduced 11 or 12%, while increase in pressure by 17
was sufficient to overcome the defect. The fact thaet the
load falls on a comparatively weak chamber like the left
auricle has hardly a bearing on the result , as the defect
is measured in relation to the normal weak force supplied.
The effect of increased rate must, however,
have a bearing on tpe result, &8 it will operzte with
any exercise on the part of the individual. Increase
of rate of 24% called for 54% increase of force to overcome
the defect. An increase in rate of 1007 or over, such
as occurs in auricular fibrillation or paroxysmal
tachycardia, must therefore sdd a very s erious load to
the heart in this condition. It might conceivatly use

up, according to previous methods of cslculation, two

units of reserve.

Relation to muscle damage.

There is a general concensus of opinion that
the prime cause producing mitral stenosis is acute
Theumatism, though it is not possible to get a definite
clinical history of this in all cases.  This is in great
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part due no doubt tovthe comparative mildness of the
attack of rheumatism in the child, although it is possitle
that other conditions allied to rheumatism produce eimiler
effects.

The association of mitraul stenosis witu
nephritis has also long been recognised, but that it
accounts for any appreciable proportion of the cases is
difficult to realise, Infhe statistics appended to tui:
paper a definite history of rheumatism, or of conditions
recognised as of the same nature, was obtained in 71% of the
cases, and there is good grounds for supposing that at least
the majority of the 18% in which no history was obtained
were due to the same cause. The exact nature of the
pathological process has been referred to by various writers,
-notably Poyntoé}fﬁacKenzégﬁgnd Lewis. There is good g round
for believing that a certain degree of severity or of
prolongation of the infection is necessary before the lesion
that leads to mitral stenosis is produced, and as rheumaticm
does not affect the valve tissue solely, but also affects
the heart muscle, though there it may not lead to the same
degree of scarring, one can infer than when mitrsl stenosis
has developed the infection has been sﬁfficiently severe, or

sufficiently prolonged to make almost certain the presence

of heart muscle damage.

Relation to €ardiac Failure.

In making a comparison between mitral stenosis

and the other valve lesions, account must be taken of the




_ very serious addition thet it made to the load in thicg

. condition by accelerction of rute, though the effect of the
stenosis with a normal proportion of systole and diwustole
is comparati#ely slight and compares with aortic sternosis.
It then takes its place with, if not in zdvence of, aortic
incompetence.

The relation to muscle damage, as hag Tbeen
noted, is very close and appears to be the predominant
factor in determining heart failure. This is so far
confirmed by clinical observation, in that cases of mitrzl
stenosis go to autopsy in which signs of failure have been
of comparstively short duration, and in which there is no
reason to believe that the state of the valve has undergone
any appreciable alteration during the same period.

It is also confirmed by the long durstion of symptoms in
many cases before signs of actual failure are manifest.

A third factor often determines the onset
of cardiac failure, viz: auricular fibrillation. It was
present in 35% of the cases of pure mitral stenosis. The
load added by the acceleration of rate alone, apart from
other effects of this condition whicha re dealt with later,
is often sufficient to use up the remaining reserve. This
is best seen in cases which, in spite of some muscle damage
and extra load, present no special symptoms till the onset
of fibrillation with dramatic suddenness determines cardiac

failure, usually accompanied by dropsy.

In this, as !QTtP? other valve lesions, therefor
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the mechaniczl defect in the valve is not the predominant

- factor in producing heart failure. Failure must depend
~ chiefly on the damage to the muscle which accompanies tie

- valve lesion. BEven in those cases where extra load is

added by suricular fibrillation, it is the state of the
heart muscle which is the determining factor in the

production of this disordered rhythm.



Valvular lesions - General conclusions.

In reviewing the various points which have
béen riised in connection with these four left sided vslve
lesions,_pne finds a dual relationship of the lesion to
cardiac failure.

There is the extra load forced on the heart
by mechanic:z1l defect, the view which for so long has held »
prominent place in mediczl writings, As a result of the
experiments it has been shown that it is very easy to
overcome the effects of narrowing of a valve orifice, even
vhen cross section is reduced to as much as 1/4th of the
normal and that the lesion in itself only produces comparative-
ly slight diminution in output.

;n the case of lesions producing regurgitation,
one finds that though they produce a considerzbly greater
load than those produced by stenosis, still both can be
overcome by mechanical readjustment which is within the
limits of the reserve power of the heart, using up about one-
fourth of the estimated reserve at most.

This grouping according to mechanical
effects does not indicate the clinical severity of the lesion,
and one is forced to conclude that there must be some other
factor which determines the gravity of aortic incompetence
and mitrzl stenosis, as compared with mitrzl incompetence
and aortic stenosis. This factor is found in the damage to
heart muscle which is so closely associated with these two

conditions. -~
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A further point should be noted, though as
it did not form part of this investigation it has not teen
previously mentioned, viz: late infection of the already
daméged valves, This wes noted in 9 out of 21 postmortems
in this seriés, or 43%, but as the records were not
scrutinised for this specific purpose the percentage may
have been even more, So faer it confirms the figures
recorded by Cowan and Rennig?oaho found acute reinfection
in 37 out of 8lcases which went to postmortem, or 45%.
In these cases there can be no doubt that the toxic effect
on the heart from the infection is the factor which

determines the fatal issue in this group.
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RELATION OF HIGH BLOOD PRESSURE TO:

1. Increased load.
2. Muscle danmage.
3., Cardisc fzilure.

In the non-valvular cases of failing heart,
high blood pressure is the most common ascociated condition,
being present in 27 out of 78 cases, oxr 35%; the next in
order of frequency being syphilis, which was present in

10 or 13% of the cases.

Kelation to load.

There are no definite data in the experiments
on which to estimate in figures the load added by a measured
resistance. A rough idea may be obtained from certain
results which were noted when removing resistance to imitste
mitral stenosis.

With the low pressure used, 68 cm.Hg0.(or 50 mm.H
the outflow with Systole 0.6, using all the resistance, was
14 ounceé; on removing the glass wool it rose to 41 ounces;
on removing the venous resistance of 5} inches(13 mm.Hg.) it
rose to 56 ounces; and on removing the arterial tubing &nd
taking outflow from the aortic tube, it rosé to 64 ounces.
Thus the total peripherzl resistance reduced output from
64 ounces to 14 ounces, or by 78%.

It required a head of pressure of 154 mm.Hg. to obtzin an
output of 64 ounces with the full resistance on another date,

that is, the resistance as used in the schema required three

times the force to produce an output which cauld be‘bbtalned
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if there were no resistance,

All one is prepared to say is that increasing
the peripheral resistance adds considerably to the load
on tne heart.

High blood pressure, if due to a czuse
orerating only at the periphery of the circulation, would
in part compensate for its own load, the increase in t he
aortic pressure thus produced helping to provide an increased
blood supply to the heart muscle. It is a common
clinical experience for one to meet with patients having s
blood pressure of 200 mm,Hg. or over, who make no definite
complaint, the ventricle having hypertrophied to meet the
strain within the limits of the patient's ordinary daily
requirements, and Starling(4h)as shown with his heart-lung
preparation, that the heart can put out as much blood
against 208 mm.Hg. as against 44 mm,Hg., the coronary
arteries taking more blood in proportion to the blood

pressure.

ERelation to muscle damage.

Ultimately in these cases the heart muscle
weakens, the hypertrophy of the muscle gives way to fibrous
change, the cardiac reserve is reduced, and the heart fails
to keep up an efficient circulation. But, in most ca.es
the arterio-sclerosis which accompanies the high blood
pressure is present in the coronary arteries, and tends to
counteract the effect of the high blopd pressure in

providing a sufficient blood supply to the heart muscle.

L e T e




- 104 -
spparently, however, in some czses the heart
muscle is damaged directly by the toxin (microbic or

metabolic) which originally produced the high tlood

pressure,

Relation to Cardiac Failure.

It is true that in cases of high blood pressure
death may occur from causes other than cardiac failure.
Cerebral haemorrhage, or uraemia in cardiac-renal cases
may kill the patient, but spart from these or other
incidentzl csuses, the end of the case is by way of
cardiac failure.

As in the case of the valvular lesions, a
disproportion between load and muscle efficiency determines
the failure, The load added may be considerable, but
the condition of the muscle determines the onset of
serious symptoms, and in view of the fact that very high
pressures are compatible with a fair degree of health, one
must again come tb the conclusion that where heart failure
is the cause of death it is because of the damage of the

muscle, and not simply from the high blood pressure.




RELATION OF AURICULAR FIBRILLATION TO:

1. Increused load.
2. Muscle dcmage.
3., Cardiac failure,

Of the various cardizc irregularitics that
have been described, one is outstanding in its relationship
to cardiac failure, viz: auricular fibrillation.

The actual lesion which determines in sny individual csase
the onset of this disorder has not yet been definitely
ascertained. That circus movemen 2%% the auricle takes
the place of the normal sino-auricular stimulation is
generally accepted. MacKenzie?2;s a result of recent
investigations at St. Andrews, believes that auricular
fibrilletion is the natural effect of abolition of function
of the sino=-auricular node, whereas most believe thut the
onset of the circus movement leads to abolition of the s-a
node function, In the present state of knowledge it
would appear that the latter view has stronger grounds for
its position. It is known that it is possible to cause a
cessation of circus movement by the action of quinidine
sulphaté with a return to sinus rhythm. If the prinaxy
factor had been the gbolition of sinus function, it is
difficult to see how destruction of the effecf of that
abolition would lead to ;estoration of a function which
ias lost from another cause. In neither csse, however,
does the theory explain exactly how auricular fibrillation
is ultimately brought about. In many cases the patieht
can point to a date when presumably this rhythm started.

In the series of 320 cases it was noted 86

o U w meme e T L i T e
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times or in £7¢ of the cases - 50 times in the 242 valve
cases and 36 times in the 78 myoccardial cases. It was
thus relatively more common in myocardial cases of

failing heart (46%Z) than in valvular cases (21:5). It

was more common in female cases (33) than in male cases(21i.).

’,_l

Hh
{D

The highest incidence in any one group occurred in malz
myocardial cases, the figure being 58, , while next in order
of frequency came male myocardizl cases 38%, male mitrsl
stenosis 38%, femsle mitral stenosis 34%, male mitral
incompetence 33, It was present in 28% of those cases
which died, the figure being highest in female myocardial
cases, in which it was present in 80:.

Of the 50 cases associated with valwvular
disease, 80% were rheumatic. Of the 36 myocardial cases,

31% were associated with high blood pressure, while only

3% were rheumatic and 8% syphilitic.

Relation to load,

Auricular fibrillation adds load to the
heart by’its action on the ventricle, very much more than
by the absence of the contraction of the auricle itself.
The a-v node is bombarded with impulses numbering from 400
to 500 per minute; the majority of these, usually aboutl
two-thirds, are blocked in their passage to ithe ventricle,
which responds to the remainder. As the auricular stimuli,
coming from the irregular circus movement in the au:ic;g,’are
#fregular in themselves as shown by elgctro-cardiograph;.so

‘the ventricle responds to irregular stimuli in irregular

. LTI N L e e S
e e T e ey ey e S TR
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fashion. There is no constant relationship bhetween the
length of @ psuse and the strength of the succeeding
contraction. The ventricle is stimulated probaltly in 11
cases before it is completely filled, and in many cases
when it must be almost empty. Many of the pulsations
communicated to the aorta do not reach the wrist. The
acceleration on the heart, many of the beats being cquit e
useless for increasing the blood pressure, must add
consideratle load to that organ, while at the same time
by shortening diastole they prevent efficient filliﬁg of
the coronazry arteries,

The virtual paralysis of the auricle, which
is present owing to the absence of any co=-ordinate
contraction of the auricular muscle fibres, withdraws from
the circulation a muscular effort whicn at first sight might
be supposed to have a definite influence in causing heart
failure, but on considering the action of the auricle one
knows : (1) that it only acts during one;eighth of the
cardiac cycle; (2) that it raises blood pressure in the
auricle to a maximum of only 30 mm.Hg.; and (3) that its
thief action is probably in enlarging the cavity of the
left ventricle. '

The loss of the co-ordinate contraction of
the auricle is distinctly less than the loss of its regular
stimulation of the ventricle when controlled by sinus
rhythm, When one recollects that the auricle may bve -

baralysed owing to auricular fibrillation, over a period

—
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of many yecrs, without the onset of any symptoms, presumzably
because the ventricle is healthy, one must recognise th=t
its contraction is not essential for carrying on the
circulation, though it may be a very great convenrience.

In health, the auricle acts as a reservoir, =nd in its
contraction the blood in the appendages is placed in a
position of being readily swept into thc ventricle.

When fibrillation is present there is no such emptying

of the appendages, and the blood tends to flow through the
cavity of the auricle by virtue of any pressure that may be
in the venous blood, whether of the general or pulmonary
circulation.

Its effect in the case of mitral stenosis is
even more striking. Simple acceleration is sufficient to
add considerably to the load of that lesion, but when to
this is added tﬁe other disabilities dependent on fibrillatio:
it can readily be seen how it frequently uses up the
remaining reserve.

Another indication of the load which auricular
fibrillation adds to the work of the heart is obtained
from the results of treatment. The limitation of the load
on the ventricle by the action of digitalis often restorces
patients to a certain degree of comfort, while the effect
of quinidine sulphate in 2bolishing the rhythm is even more
striking, e

In these cases it must be admitted that the

- load of the fibrillation has used up an amount of reserve,

—
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which when rectored to the patient has permitted of a
moderate zmount of exertion,

Similar deductions may be drawn from cecses of
paroxysmal auricular fibrillation. In one csse (not
included in the series) the patient, a medical man, was
unable for sustained exertion during the attack, but within
a few hours of its cessation was able to continue all his
work, or engage in a round of golf, though the attacks had

occurred on an average of once a week for over a year,

Feletion to muscle dimoce.

As one looks at the etiology of auricular
fibrillation it is evident that the vast majority of cases
occur in two main conditions, viz: in mitr:1 stenosis and
in myocardial disease, and as has already been shown tle re
is usually in mitral stenosis definite rheumatic damage to
muscle, and in myocardial disease it is most commonly
associated with high blood pressure. .

It may be accepted generally that auricular
fibrillation is evidence in itself of damage to the auricular
muscle, and usually therefore to the ventricular muscle as
well,

Paroxysmal cases, and cases where the
Thythm is present without symptoms, are both rare and t his
rarity goes to support the general contention that auricular

fibrillation is in itself evidence of damage to heart muscle.

- | Relation to cardiac failure,.

The dual :e{gtiggghi#ﬁgf-aurigulgrf
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fibrillation to cardiac failure through increased load and
muscle damage is thus particularly close.

In the great majority of cases the heur
muscle is already damaged and reserve is still further
lessened by the load of a valve lesion or of high btlood
pressure. The onset of the new rhythm, with additional
load on the heart, is usually sufficient to determine not
only a failing heart, but definite cardiac failure with
dropsy.

In valvular lesions generzslly the progress
towards failure may be comparatively slow; when this
condition is superimposed the advent of cardiac failure
is almost dramatic in its apPearance.

In so far as cases have been observed in
which fibrillation has been present over a period of some
years, and,though untreated, the patient has been able to
continue at light work, it must be inferred that
fibrillation itself is not sufficient to use up all the
reserve of a healthy heart, but that demaged ventricular

muscle is necessary for the production of cardiac failure.
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JEIEHAL CONCLUSIONS.

Valvular lesions add load to the work of the
heart.

The load added by the lesion.per se does
not alone determine its position in the scale of clinicda
severity.

Lesions producing regurgitation add a
greater mechanical load to the hezrt then those producing
obstructiorn,

%ithin the limits available with the schema,
namely a stenosis producing 75x reduction in the valve
orifice, or incompetence through an opening equal to the
valve orifice, it is mechanically possible for a healthy
heart with a reserve equal to three or four times the
resting power, to overcome the lesion and to leave some
reserve for limited exertion.

In all the cases of cardiac failure that
have come under review, there is reason to believe that the
valvular tesion was accompanied by damage to cardiac mu cle.

High blood pressure produces failure in.the
Same way as valvular lesions, viz: because of the
association of added load and demaged muscle.

Auricular fibrillation adds consider: ble
l1oad to the heart, but when the ventricle is healthy it can
Overcome the load. When auricular fibrillation’p#oﬁﬁéé%fb

'} ceardiac failure it is always associated with damaged mus&ieg
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Damage to muscle can alone produce cardiac
fzilure, as in cert:in of the myocardial lesions in which
‘there was no evidence of added load from vzlvular lesions,
high blood pressure or disordered rhythm.

Healthy muscle, through its reserve, can
deal with the load added to the work of the organ by
valvular lesions, high blood pressure and auricular
fibrillation, and failure is manifested only if the hesrt
muscle is diseased and the amount of reserve is diminished
from this c:use.

Valvular lesions, high blood pressure , and
auricular fibrillation add sufficient load to be considered
as important factors in limiting reserve in the cases

of c¢ardiac failure in which they occur.
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AFPPENDIX A.

Tables incorporating the results of the

analysis of 320 cases of Failing Heart with

reference to symptomatology and etiology.




IABIB A1,

Females,

SYLPTOMS IN 320 CASES OF FAILING HEART,

P, Palpltation, H¢. Haembptysis.

Cases, SBa_ Pn. Ba_ X 9. He. G _Fa_ Exnb, D AR,
Uitral Stenosis. 50 3 ey e 3 1% iz %2 Iz 104 2 3
i R P A N . T TR " B A
STy Jg-Sading 3 ? 8% 561 335 25% 35% 1z ° 117 ° 56% °
Mitral Incompetence, 21 18 4 12 5 4 1l 0 0 0 ) 4
86% 19% 57% 24% _19% 5% _43% 9%
14 85 3y S 30y B 1 N 7 o %
Myocardial Cases, 31 g;% 22% iégz 22% 18% 3 ” ﬁﬁ:"% 1@ Ef% 23% %g%
162 1354 %o 3z 56z G8g 18 Mg % M o7 3a4
lales,
fitral Stenosis. % 9% i 8% 1% A - 3% GO
R remoet e eand, 12 837 sed 33% 8% sax 2% 8% 8% 507 19%
Aortlo Incompetence. FRh. 10 30z tox A% 307 18% ™ 13 109 5 374 °
Syph. 46 P <0 Sz iy 254 oz i ° 18 °
Mitral Incompetence. 12 lég ’ gg% ng% zg% % y 2% : éo, 0 ja'ﬁ ﬁ j.%%
14 1% 8 0% 5w ¥z 1w w3 3% Sz 1%
| Wyosardial Cases. 47 32% :152% 11_15‘%_ 1Z% %‘1’% 3% 3% 2% ° gjﬁ ::',a_g%
168 e iz 202 50 A I A % 2 N
?;,, g::gthleasneas. lélg: g::haustion. g: ﬁggt::::: Do  Dropsy.

A, ¥, Auriocular Filwrillation
hbohbﬂlimo



BMBIE A2,
TOTALS:

Valves, FYemales,
' Males.

Myocardial Cases. F,
M,

GRAND TOTAL:

SYIIPTOLIS

IN 320 CASES OF FAILING HEART, (CONTINUED)

Cases, ~Ba_ En, Ea BXa Lo, Ho Lo Eo. Eba Do A,
121 108 41 55 37 25 14 6 3 8 48 32
121 109 65 35 26 30 18 ) 7 4 4 18
242 217 106 90 63 ] 32 15 10 12 89 50

90% 44% 3% 26% 23% 13% 6% 4% 5% 3% 21%
31 27 8 12 8 3 1l 4 1 2 14 18
47 35 16 S5 7 10 4 4 E-] 0 22 A8
8 62 24 17 15 13 8 ] 4 2 36 34
80% 31% 229, 19% 17% 6% 10, 5% 3% 46% 462
320 279 130 107 78 68 37 23 14 14 128 86
— 87% 41% _33% _24% 21% 12% % 4% 4% _39% 27%
B, Breathlessness. Ex, Exhaustion, Ge Giddiness, D, Dropsy.
Pn. Pain, Co. Cough,. F, TFaintness. AP, Auricular Fibrillatien,
P, Palpitatien, H, Haemoptysis, Emb, Eabolimn,



MYOCAIKDIAL SYMPTOMS V. VALVULAL SYMPTOMS.

TABLE A 3.
Symptoms more common in Symptams more common in
Myvocardial Cases. Valve Cases.
Auricular Fib. by 25% Palpitation by 154
Pain by  13%
Dropsy by 9%
Brezthlessness by 10k
Giddiness by 4% Exhaustion by V%
. Haemoptysis by "%
Faintness by 1%
Cough by 6%

Embolism by 2%




ETIOLOGTY.
VALVE CASES.
TARLE A 4.
Other
Rh,F, KR, S, Inf, 1,0
Females:
Mitral Stenosis. 80. 55 5 0 6 14
69% 6% 8¢ 174
Mitral CStenosis 11, 8 0 0 1 2
with Aortic Inc. 7 3% 9% 18%
Aortic Incomp. 9 1 Y 6 Q 2
11% 67% 22%
Mitral Ircomp. 21 19 1 o 1 0
905 5% 5%
121 83 6 8 18
68% 5% 55 "% 15%
Males:
Mitrel Stenosis. 32 24 0 0 2 6
75% 6% 19%
Mitral Sten.with 12 12 o) 0 (4] 0
Aortic Incomp. 100%
Aortic Incomp. 65 17 0 46 ) 2
26% 1% 3%
Mitral Incomp. 12 9 (¢ 1 2 0
V6% 8% 17%
121. 62 0 47 4 8
51, 39;. 3, 7%
VALVES: F. 121 83 6 6 8 . 18
M. 121 62 0 47 4 8
TOTAL: 242 145 6 53 12 26
60% 2%  .22% 5% 11%

Eh.¥. Rheumati
ML.R. Nus__ 1




ETIOLOGY.

MYOCATDIAL CASES.

TAPLE A 5.

_FEMILES. MALES. _TOTAL
CASES: 31 47
Rheumatic Fever. 2 (7%) 1(2:) 3 (457%)
Muscular Rheum=ztism. 0 0
Cyphilis. 1 (35%) 9(19%) 10 (13%)
gephritis or arterio- g (525) 17(36%) 2?7 (359)
bclerosis,
Bronchitis. 4 (13%) 4( 9%) 8 (10%)
Goitre. z ( 7%) 0 2 ( 24)
Other Infections. 6 (195) 2(45) 8 (10y)
Alcohol. o] 3(6%) 3 (4%)
Yo hiztory. 6 (19%) 11(24%) 17 (22%)

31 47 78

bl e —




E T I 0 L O G Y.

GRAID TOTAL IN THE 320 CACHS,

TABLE A 6,

RBheunmatic Fever.
Muscular Bheumetisn,
Syphilis.

Nephritis or
Arterio-Sclerosis,

Bronchitis,
Goitre.

Other Infections.
Alcohol.

No his%ory.

Valve. Myocardial. Totel. _Fer cent.

145 o) 148 46
6 ¢ 6 2

53 10 63 20

0 27 27 9

0 8 8 3

0 2 2 1

12 8 20 6

0 3 3 1

26 17 43 13

TOTAL: 242 78 320.




ETIOLOGY

OF

VALVE AND MYOCARDIAL CASES COITRASTED.

TABLE A 7.
Valve Caces, Mrocsrgisl Coses.
Rheumatism, 145 (605%) 3 (4%)
syphilis. 53 (22% 10 (13%)
High Blood Pressure. (?1) 0 27 (35%)
Others. 19 (7%) 21 (26%)
bNo history. 25 (11;) 17 (=29
TOTAL 242, 78.



ETIOLOGY.

ALL CASLS with MITRaL STEIIOUIS - pure and comtired,

LE A 8.

AvV. Other -
Cases, Age. Ru.F, M.E, S, Inf. _iter.

Females: 91 32.1 63 5 o 7 16
69;. 5. 8, 18%
Hales : 44 30.66 36 o 0 2 6
82 5% 14%

TOTAL : 135 31.71. 99 5 0 9 22
735 47 % 16%

ALL CASZS with AORTIC INCCOMPETEICE - pure and comki ned.

Av. Other
Cases. Age, Rh, ¥, ¥,R, S. Inf. . H.
Females: 20 40.55 9 0 6 1 4
45;. 30% 5% 20%
Males : YN 42.717 29 0 46 - 0 2
, 38% 605! 34
TOTAL : Q7 42,31 38 0 52 1 6

29% ' B45% 1% 65




ETIOLOGY
oF

AQETIC INCONMPETENCE.

TABLE A 9.
In sex groups.
Cases. Rh, Syvnh. Others.
Pure. Males: 65 17 46 2
Females: 9 1 6 2
74 18 52 4
245 70% 6%
Pure and
Combined. Males: M 29 46 2
Females: 20 9 6 _ 5
Q7 38 52 7
395 5455 750
In age groups.
Pure.
42 years =nd over : 56 9 43 4'
76% 16% 7% 7%
41 years and under : 18 9 9 0
74 18 52 4
Pure and Combined,
42 years and over : 61 14 . 43 4
63% 23% 70% B -
4] years and under : 36. 24 9 -}§;F; '
3% 67% ___ 25% 4

ov 38 52 T




AVERAGE AGES.

TAFLE A4 10.
Females:
_Cases. Years. Avera e Lre
Mitral Stenosis. 80 2583 32.29
Mitral Stenosis with
Aortic Incompetence, 11 351 Jl.91
© Mitral Incompetence. 21 700 33.3
? Aortic Inc. Non-Syph. 3 143 47 .€6
115 3177 32,84
hortic Inc. Syph. 6 317 52.83
TOTAL VALVES : 121 4094 33.83
Myocardial Deg. 31 1559 50. 29
TOT..L : 152 5653 37.19
Males:
é Mitral Stenosis, 32 978 30.56
é Mitrsl Stenosis with
: Aortic Incompetence. 12 371 30.92
| Mitral Incompetence. 12 369 30.75
dortic Incompetence. Rha, 19 761 40.05
75 2479 33.05
Aortic Incomp. Syph. 46 2161 46,98
TOTAL VALVES 121 4640 38.35
Myocardial Deg. 447 2432 51.74
TOTAL: 168 7072 42.09
VALVE CASES: TOTAL 242 9734 40.22 -
| MYOCAEDIAL * » 78 3991 - 51;1§f:;
GRAID TOTAL : 320 12725

29,76,




DEATHS IN 320 CASES

- _in case groups.

TABLE A 11,
Cases, Deaths. Av.-ge. _A.¥. _Rh. 5., Others
Mitral F. 80 9 35.11 5 7 0 2
| Stenosis. 11% 56% 787 22
M., 32 7 36.567 =2 7 O 2
225 29%  100%
112 16 7 14 O z
11% 445 _ 87% 134
 M.S.& A.J.F. 11 2 "~ a3, 0 1 0
, 18% 505 50%
n v M., 12 3 32.33 0 3 0 o
255 1004 _
23 5 0 4 O 1
225 805 20%
Aortic F. 9 1 49 0 0 0
Incomp. 11% 1005
M.Fh.19 3 46 0 3 O 0
: 164 1007
M.S. 46 15 45 0 0 15 0
337 100% :
74 19 0 3 16 0
265 165 84%
Mitral F. 21 4 42.25, 1 4 0 0
Incomp. 19% 25%  100%
M. 12 2 26. 1 1 o 1
17% 50% 50 505
33 6 2 5 0O 1
18% 33% __ 83% 1%
Myocard. F. 31 5 57.2 4 0 0 S
Cases. 16% 805% 100%
M., 47 10 51.5 4 o =2 -8
21% 8% 20Z __80%
78 15 8 o 2 13
19:. 53;. 13% 87%
GRAID TOTAL : 320 61 17 26 .18 17

19% 28% __43% 207 287




DEATHS IN 320 CACLED

o in sex groups.

GRAND TOTAL :

320

TABLE A 12.
Cases. Deaths, Av,Age., A.F. Rh, 5. QOthers.
Females:
Mitral Stenosis. 80 9 35.11 5 7. 0 2
11y 56% 78% 225
M.S. with 4.I. 11 2 23. 0 1 o 1
18% 505 505
hdortic Incomp.6 S. 9 1 49, 0 0 1l 0
3 R 100% 100%
Mitrsl Incomp. 21 4 42.25 1 4 0 0
5 194 25%  100%
Myocardial Deg. 31 5 57. 4 0 0 5
16% 80% 100%
152 21 41.24. 10 12 1 8
14% 485 57% 5% 38
Males:
Mitral Stenosis, 32 7, 36.57. 2. 7 ¢) 0
227 29%  100%
25% 1005
A, I, 19 3 46, 0 3 0 0
16% 100%
» Syph. 46 15 45, 0 0 15 o
33% 1005
Mitral Incomp. 12 2 26 1 1 0] 1
17% 50% 505 50%
Myocard. Deg. 47 10  51.5 4 o =2 8
215 405 20% _80%
TOTAL: MALES 168 40 43,32 7 14 :73i;
24% 18% 357 42% 23%
TOTAL :FEMALES: 152 21 10 12 .i'“"sa N



Tatles incorporating the results of the
analysis of 80 cases of Auricular Fibrillation

with reference to symptomatoiogy and etiology.




TABLE B 1,

SYMPTOQMSS

FELMALES,
Mitral Stenosis.

Mitral Stenosis and
Aortic Incompetence.

Aortic Incompetence.

Mitral Incompetence.

Myocardial Cases,

MALES,

Mitral Stenosis,
liitral 8tenosis and
Aortic Incompetence.
Aortic Incompetence.

i{itra} Incompetence.

Myoocardial Cases.

AURICULAR FIBRILLATION,

Cases., Be . Bn.. P, Ex, ~Co, - P Go = _F,_ Bmb, D
%Z% 183% ﬁg% %2% 5%% 33% 13% 3% i% 1%% %S%
%% 1oé% 0 0 0 0 0 0 0 0 10%%
0
13% 103% 23% §3% 2%% 58% ° ° ° ° zg%
gg% 13%% 22% %g% %g% 22% 13% g% 3% 13% gg%
ég% 1%8%; 22%, ég% 32%; 1%% _ﬁg 0 <3% ;ﬁég%
Se 1007 Bo¢ 46z 28 30 g % 3 184 &l
%3% '1%3% 58% 22% 2?% 2%% %% é% ° %% 3g%
1%% 108% 5%% ° 5%% 103% ° ° ° 103%
0
35 1007 2% 564 257 ° st oed 0 2 2
18 1007 443 26 287 28% 13z ¥ ° 157 39%
38z B obn o84 20 s % &2 ° ° 84z
gf% 33%‘& ,5,27; 23% 23% ﬁé g% é‘z ° 3% ﬂaf%
B, , Breathlessness. Ex. Exhaustion, G. Giddiness. D. Dropsy.
Pn. Pain, Co. Cough. F. TFaintness.
P, H. Haemoptysis. Bmb, Bmdolism.

Palpitation.



TABLE B, 2,

AURICULAR __ FIBRILLATION,
SYMPTOMS (COWTINUED)
TOTALS:
cases, B, Pn, Lo _Ex, So.. .  _BHa._ Ge = _Fa _Bob, D
VALVES: Females, 32 32 14 17 10 8 4 2 1 4 20
Males 18 18 8 5 _5 2 2 0 2 "
50 50 22 22 15 13 6 4 1 6 27
1007 44% 44% 30% 26% 2% 8% 2% 12% 54%
MYOCARDIAL CASES. F. 18 18 5 6 6 2 1 1 ”
M, 18 _15 5 4 4 6 I 1 8
36 33 10 10 10 8 1 2 1 15
21% 92% 28% 28% 28% 22% 3% 6% 3% 42% _
TOTAL; 86 83 32 32 25 21 " 1 n 42
GRASD IOIALL 26% 06% ____ 3% 314 29% 24% 8% % 1% 8% 497
B, Breathlessness, Ex, Exhaustion, Ge Giddiness, D, Dropsy.

Pn, Pain,
P, Palpitation.

Co. Cough,

" H, Haemoptysis.

F. Faintness,
Emb, Embolism,



i
i
!

b TIOLOGY
OF
AURICULAR FIEBRILLATIOI.

TABLE B. 3.

VALVE CAGSES.

Other io
Females, Casges, Bh, S, _Infections., history.
Mitral Stenosis. 27 20 0 "4 3
Mitrsl Stenosis
with Aortic Incomp. 1 1 0 0 0
Aortic Incomp. o
Mitral Incompetence. 4 4 8) 0 0
32 25 0 4 3
78% 135 9%
Males.
¥itral Stenosis. 12 10 ) &) 2
Mitral Stenosis
with Aortic Incomp. 2 2 Q o 0
Aortic Incomp. o
Mitral Incomp. 4 3 0 1
18 15 0 1 2
835 6% 11%
TOTAL: 50 40 o 5 5
80% 10% 10% .




AURICULALE FIBRILLATION.

ETIOLOGY

OF

TABLE B,4

MYOCAEDIAL CaSES.

Cases,

Average Age.

Fheumatic Fever.
oyphilis.
Nephritis or
Arterio-Sclerosis,
Goitre |
Other Infections

Alcohol.

No history.

Females. Males Total.
18 18 36
54 53
1 0 1
6% 3%
0 3 3

17% 8%
5 6 11
285 38% 31%
2 (o] 2
11% 6%
5 3 8
28% 17% 22%
(o] 2 2
11% 6%
5 4 9
28% 22% 25%
18 18 36.




ETIOLOGY
OF
AURICULAR FIBRILLATION.

GRAND TOTAL:
TABRLE B, 5.
Valves. Myocardiszl. Total.
Rheumatism 40 1 41
48%
Syphilis 0 3 S
3%
Nephritis or Arterio- 0 11 11
Sclerosis. 13%
Other Infections 5 12 17’
22%
No History. ‘ 5 9 14
16%

50 56 86




APPENDIX C.

Kymogroph records and radisl tracings

to illustrste experiments used in the thesis.
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