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"Now-a—days all scientific knowledge has

increased éo largely that specialisation is in-
evitable, and every investigator is confined more
and more, not only to one department of science,
but-as a rule, to one small portion of that depart;
ment . In the case of such cognate sciences as
physiology and comparative anatomy this limiting of
the scope of view is specially deleterious, for
Zoology without physiology is dead, and physiology -
in meny of its departments without comparative
anatomy can advance but little. ....... Nothing
but good can, in my opinion, result from the
incursion of the non-specialist into the realm of
the specialist, provided that the former is in

earnest".

(GASKELL, - THE ORIGIN OF VFRTEBRATH
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In presenting this thesis, I have to acknowledge
various sources of indebtedness. To Professor Muir,
in the first place, I owe it that I began and contihued
" to pursue- scientific research in medicine. It was at
the instigation of Dr. James Mackenzie, that I undef—
took the study of the present subject, and I am indebted
to him, not only for his personal assistance and interest
when I was working under his guidance in his wards, but
also for the supply of much of the material on which the
present investigation 1s based. I have also to acknow-
ledge my sense of obliéamion to Dr. Thomas Lewis, with
whom I have been collaborating in the experimental
investigation of the function of the specialised muscle
of-the heart. To both Dr. Lewis and to Dr. F.W. Price,
] am obliged for some of the material on which I have
based the observations detailed in this thesis. But
it is to Professor Arthur Keith, more than to any one
else, that I am indebted for any light than I may
possibly have thrown on the study of heart disease from

| the standpoint of comparative anatomy and physiology.

I have to admit that the title of the thesis may not

be justified by the results, which have been obtained.

No/




No pretence is made, however, that the problems, which
have been stated, have been Tinally solved. On the
contrary the difficulty of finding & solution has led
to an empéasis on the necessity of correctly appreciat—
ing and stating the problem.  Physiological and
pathological research is often in the paradoxical
position in which every new discovery adds new dirfic-
ulties, and the recent research work on the heart in
health and diseagse, bears this out. Not that the work
hag been futile; the intelligent collaboration of so
many workers in kindred fields and on different aspects
of the same subject oanhot but lead to a more correct
and through appreciation of the subject of study; and
the spirit which has inspired mddérn medicine demands
that if the forces of disease are to be harnessed and

guided, their biological substratum must first be

understood.
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PRELIMINARY CONSIDERATIONS.

The function of the cardio-vascular system is the
maintenance of a supply of nutrition to the various
parts of the body. ) This is accomplished by a closed
system of vesgsels whose complexity varies with the
degrec of development and differentiation of the organ-
ism of which it forms an organic part. The pro-
pulsion of the contents of this closed system of vessels
is maintained by a co-ordinated variation in pressure
exercised by the contracting and relaxing vessel walls.
In the invertebrate animals, and in the early embryonic
life of the vertebrates the tubes are as yet undifleren-—
tiated and the movements are often peristaltic in char-
acter and comparable with the movements of the intestine.
In the lower invertebrates there is no difrerentiation
of any part of the vascular system into a heart and in
the higher invertebrates the heart is represented by a
comparatively simple dilatation of a part of one or more

of the main vessels. The distribution of the contents
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of the vascular system is secured in these animals by
rhythmic waves of contraction and relaxation in which
the whole system of vessels participates in a co-
~ordinsated and regular fashion. The circulatory move-
ments in the embryos of vertebrates are probably of a
similar character. I am indebted to Dr. J.F. Gemmell
for a demonstration of the movements in the hearts of
very young fish. Here 1t was observed that peristaltic
waves passed along a dilated vascular tube from th=
region of the gills. The contractions were slow and
orderly, and it was noted that they occurred in a
rhythm corresponding exactly with the movements of the
gills. This observation affords not only a direct
evidence of the peristaltic character of the simplest
oiroulatpry movements, but also a very clear proof of
the deeply seated biological inter-dependence of the
circulatory and respiratory systems. The further
development and differentiation of the cardio-vascular
system proceeds‘pari passu’with the appearance of new
-Speoialisation of function ahad structure in the animal
kingdom.

The embryonic heart of vertebrates presents in the

earliest/



earliest stages of development, a form which is essen-
tially the same in all the members of this division of
the animal kingdom. It originates in the Flasmobranchs
and Amphibians as a single tubular cavity, and in the
Teleosts Sauropsids and Mammals as a paired tubular
cavity. These structures lie in the splanchnic layer
of the mesoblast on the ventral aspect of the anterior
portion of the primitive gut immediately behind the gill
clefts. At a very early stage three layers can be re-
cogniged, an outer serous layer and an inner layer of
endothelial cells and between these a layer of primitive
muscle cells, In respect of its histological structure
it cannot be distinguished from the larger vessels which
enter it and leave it. It is essentially a larger and
more strongly developed blood vessel lying in the longi-
tudinal axis of the embryo in its ventral aspect. Its
further development is characterised by a formation of
outgrowths from the dorsal (auricle) and ventral
(ventricle) walls of the tube, and the tube subsequently
folds on itself, so that the vessel of exit at the

caphalic

eatded end comes to lie in close proximity to the dorsal
candal

outgrowth on the eephedie half of the tube (Fig. 1). By
this /
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thig process of folding, it is seen, that the eimbryonic
tubular heart becomes divided into two ohampers, ah
auricle and a ventricle. Before entering the auricle
the blood collected by the veins flows into a common
pool, the sinus venosus (S.V. Fig. 1), which becomes
separated from the auricle by the development of two
valves. These valves are muscular and originate as
two free flaps of the invaginated walls of the sinus
venosus. Two valves are also developed at the junction
of auricle and ventricle; these are myxomatous out-
w
growths of the endotheli&#'lining the tube at the
Junction of auricle and ventricle, and they do not con-
tain muscle tissue. Valves are also developed as
endothelial outgrowths at the orifice of exit from the
ventricle. By the formation of chambers separated by
valves a mgohanism is evolved which determines the pro-
pulsion of the blood in the direction of ﬁhe waves of
contraction, and at the same time prevents regurgitation
into the sinus venosus and collecting veins. The heart
heas now become differentiated into the following parts:-
(1) the sinus venosus acting as a collecting basin from

the veins, (2) the auricle which represents the primitive

venous/



venous portion-of the heart, (3) the auricular canal
lying between the dorsal outgrowth of the auricle and

the ventral outgrowth of the ventricle, (4) the ventricle
cprresponding to the primitive arterial portion of the
heart, and the truncus arteriosus which represents a
specialised part of the primitive arterial portion,
becoming continuous with the Ventrallgégta.

The ventral aorta gives off on its right and left
sideg a series of afférent branchial arteries which run
between adjacent gill clefts and after passing through
the capillaries in the gills are formed into two efferent
branchial arteries, one on the right side and one on the
left; these right and left efferent branchial arteries
unite to form the dorsal aorta which lies on the ventral
agpect of the vertebral column and gives off toward the
caudal aspect of the embryo the vitelline arteries to the
volk sac, and the allantoic arteries to the urinary
bladder and allantois. The allantoic arteries are of
courgse absent in the fish. The blood distributed to
the yolk sac is purified and returned by the vitelline
veins, These unite with the allantoic veins and the
veinsg from the gut to form the portal vein which is

distributed to the liver, the blood returning from the

liver/



liver to the sinus venosus in the hepatic veins. Along
with the hepatic veins thé;e open into the sginus venosus
the Ducts of Cuvier, which are formed by the junction on
~ eilther side of the anterior cardinals and posterior
’ﬁi&rdinals.
In the case of the Anamnia the embryo leaves the
egg for an aquatic life and mskes use of the branchial
system of vessels for respiration. In the case of
amphibiang the entire allantois developes into the
bladder. In the Amﬁiota whosgse resplratory demands
are from the first subserved by the presence of lungs,
the branchial vessels undergo congiderable modification,
and in the case of birds and some reptiles the allantoic
gystem of vegssels may disappear. In mammals the embryo
hag & long intra-uterine exigtence. The allantois comes
into close relationship with the walls of the uterus
through the chorionic villi, and the nutrition of the
foetus is secured by an interchange of substances main-
tained by the placental circulation.
The gradual differentiation of structure and special-
isation of function which characterises the embryonic
growth of the mammalian heart is but a repetition in a

senge of the various stages at which the vertebrate
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heért has arrived in its development from the un-
. differentiated tube in Amphiox;é to thé extremely
oomplicaﬁed organ in man.

In the vascular system of the mammalian embryo
structures appear and disappear, which have, as Tar as
we can judge, no special significance except that every
organism and_every part of the organism must inevitably
tread the path of its predecessors in the phylaogenetio
series, discarding in its progress the simplerNinstru—
ments of function which have proved sufficient for the
lower orders of life in their arrested development.

The modifications which occur in the mutually inter-
dependent circulatory and respiratory systems in theilr
ontogenetic and phyliogenetio evolution are of particular
interest in the presgnt study. In Amphioxus and in
¥Fighes the gill clefts are the special organs of re-
spiration. In the Amphibians the lungs proper appear
for the first time, although for a certain period,

during their aquatic life, the respiratory functions are
rerformed in gills. In all Amphibians, with the except-
ion of the Perennibranchiata,the gilled stage is but.

a preliminary to the lung stage. With the appearance

of lungs in the Amphibians the morphology of the heart

becomes changed in that the auricle becomes divided by a
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geptum into a right and left chamber, the left ohamber
being reserved for the reception of the blood from the
newly developed organs of respiration. This specialisat-
ion of function and structure becomes more complicated

ag8 the vertebrate serieg advances. The appearance of

a fully developed respiratory system is asgociated with
changes in the branchial vessels as well as in the
é;;:g%. In the mammalian embryo, and in the vertebrate
series generally, there is a gradual differentiation of
the heart into a four chambered organ, the right side

of which deals with the venous blood and the left side
with the blood which has become dzterialized in the
lungs. The branchial vessels which play such an import-
ant'part in Fishes and Amphibians never become(funotional
as such in Sauropsida and Mammals. In these latter
classes the embryonic branchial arteries which do per-
gist give rise to important vascular trunks of the head
(carotids), anterior extremities (subclavians), and lungs
(pulmonary arteries) and also to the roots of the aorta,
one or both of which may remain.

But 1t is not alone in their morphological charac-
ters that a progressive and parallel development is
recognisged in embryonic and phyl\ogenetic development.
The pulsations or waves of contraction which determine

the flow of blood undergo a marked change corresponding
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with the increased complexity of structure in both
cases. The slow rhythmic waves of contraction syn-
chronous with the respiratory movements of the mouth in
the young fish have already been noted. In the adult
fish the waves of contraction may be followed from the
larger veing through the sinus venosus auricle and
. ventricle to the conus arteriosis. In the adult fish
however the contraction waves are more frequent and pass
cawdal phalec
more rapidly from the cgpbaltiec to the geme=l end of the
heart than in the young fish. In the exposed mammalian
heart the contractions follow each other with great
rapidity and the individual contraction waveg is so rapid
in its passage along the heart that the whole chamber,
auricle or ventricle, appears to contract simultaneously.
I have watched the contracting heart of a guinea-pig embryo
which was so young that the structures were still trans-—
parent; here the events of the cardiac cycle followed
each other in a slow deligérate manner, resembling the
wave of contraction passing from one chamber to another
in the heart of the fish. . The cycles followed each other
at about the rate of 15 to the minute. In the adult
guinea-pig the rate of the heart beat is about 250 to 300
per minute, and the two main events in the cycle, the
auricular and ventricular contraction, appear to be

instantaneous/
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ingtantaneous, though separated by a distinct pause.
There is thus in the phyliogenetio development of the
vertebrate heart as also £n the development of the
embryonic memmalian heart a gradual change in the
functional properties of the cardiac structures.
whereby the waves of contraction become more and more
rapidly trensmitted as difrerentiation of structure
end function proceeds.

When the heart has assumed the complicated form,
which it presents in the higher vertebrates, the course
of the wave of contraction is, however, still the same
as it was when the primitive organ was only a single
tube. Gotch has shown by means of electrometer records
that in the ventricle of the tortoise or the rabbit,
which in its fully developed form has become bent and
twisted on itself, the wave of contraction begins at the
auricular base, passes to the apex and makes its exit
at the arterial or aortic base. Lewis has demonstrated
that the wave of contraction in the normally beating
auricle begins at the junction of the superior vena cava
with the right auricle at a joint which will be described
in a later chapter (p.14qg ). The actual course of the
wave of contraction in the auricles has not been definitely

ascertained, but it presumably spreads from its seat of

origin/
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origin through the tinea terminalis and the pectinate
muscles, thence though the fibres of the auricular ring
to the s&stem of muscle which provides a junction between
the auricular and ventricular muscle. The evidence
would thus appear to point definitely tb the conclusion
that the path of the peristaltic wave of contraction in
the primitive and embryonic cardiac tube is maintained
in the complicated organ of the adult mammal. But the
rate of propagation of the contraction wave varies not
only between more gimple and more complicated hearts,

but also betweeh different hearts of the same species
under different conditions of metabolism,and also between
different parts of the same heart in its normal state of
functional activity. Thus, if the propagation rate in
the tortoise, rabbit and goldfinch, be compared, extra-
ordinary differences will be noted. Gotch has found
that in the ventricle of the tortoise the rate is 90 m.m.
per second; in the ventricle of the rabbit he found it
to be & metres per second; Dr. Florence Buchanan estim-
ated from electrometer records that the heart of the
goldfinch contracts at a rate of over 900 beats per
minute; this represents an exceedingly high rate of
propagation of the contraction wave. Gotch states also

that the rate over the ventricle varies from 3 metres per

second /



second when the heart is beating at 300 per minute to

1 metre per seoon@, when the heart is beating at 150

to 180 per minute and that when the heart beginsg to
fail the rate of propagation becomes still further
reduced. Finally, the speed of the wave variles in
different parts of the same heart, contracting under
normal conditions; Gotch records that in the auricle
of the tortoise the rate at 12°c. is about 120 m.m, per
second, while the rate in the ventricle is about 90 m.m.
per second.

In this connection reference may be made to the fact
that the co-ordinated sequence of events in the cardiac
cycle has been attributed to a diminution in the rate
of propagation of the contraction wave in the bundle of
muscle, which connects the auricle with the Ventriple.
The mechanical efficiency of the heart depends on an
orderly sequence at a certain interval of oontraotion/
and relexation in auricles and ventrioles respectively.
Just 53 proper contraction of the b;z;fs implies the
participation of a mechanism, which secures relaxation of
the triceps so the efficient contraction of the auricles
implies a condition of relaxation in the ventricles; and
a8 lapse of time betweén the cessation of auricular con-
traction and the commencement of ventricular contraction
during which the auriculo-ventricular apertures become

closed by the valves, is necessary to secure the

propulsion/
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propulsion of the blood. If, for example, in the case
of the rabbit, the wave of contraction were to pass from
auricles to ventricles at a rate of 3 ;;g;;g per second
then from the mechanical point of view the auricular
and ventricular contractions would be practically simul-
taneous and the functional advantage of the auriculo-
ventricular valves would be reﬁdered useless. The delay
which does occur between auricular and ventricular con-
traction is attributed to the relatively low power of
conductivity, Whioh the auriculo-ventricular nmuscle
bundle (Bundle of His) is supposed to possess. Whether
such a simple explanation is in itself sufficient to
account for the phenomenon of auriculo-ventricular delay,
and whether, more particularly, every variation in the
length of this delay is to be attributed to an abnormal
condition of the bundle referred to, will be the subject
of detailed examination in a subsequent chapter (p. ).
The foregoing preliminary considerations have been
advanced in order to emphasise the fact that the heart
in its ontogenetic and phyl%ogenetic development adapts
itself to the increasingly complex demands of an ever—
changing series of circumstances. This adaptability is

seoured by a specialisation in the structure of the heart

itself/
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itself as the central organ of the cardio-vascular system,
but an effective maintenance of the circulation can be
secured only by the active co-operation of the accessory
parts of the circulatory apparatus. Not only nust there
be an orderly sequence of contractions of the cardiac
chambers providing for a competent action of the intra-
cardiac valvular apparatus; but the whole system of
vessels in virtue of their intrinsic movements and alded
by the mechanical sccessories of direct muscular action
and the pumping and aspirating effect of the respiratory
apparatus, must contribute to the onward flow of the
blood. If the term "cardiac mechanism" be employed to
denote the central organ of the cardio-vascular apparatus
that should be done without losing sight of the fact that
" in meeting an sbnormal demand under either physiological
or pathological conditions the heart has at its disposal
a power and means of adaptation which no mechanical device
could afford. It might be congidered possible to regard
the heart as a mechanism, end to éaloulate the work

which it actually does under certain circumstances; but
this could only be approximately estimated by determining
the amount of blood propelled with each systole, the
velocity imparted to the blood, the degree of peripheral

registance and the number of cardiac contractions in &

unit/
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“unit of time. The elusive character of the indis-
pensable data in such an estimation is obvious; and
when it is recognised that these data are themselves
the expression of a variable and unstable combination
of physiological circumstances absolutely beyond the
control of the observer, it will be clear that the term
"mechanism" can be employed in this context only in a
very arbitrary and unprofitable sense; allowance must
always be made for the fact that it is a vital machine.
Even when the cardio-vascular apparatus 1s normal
there is considerable variation in the rate of the flow
of blood. The rate of flow is determined to a degree
by thé demand for oxygen and nutrition, and the supply
of blood to certain organs may be varied and regulated
without interference with the general flow of the circul-
ation. Local demands are met by constriqtion of one set
of vessels and oompehsatory dilatation of another set;
but when large quantities of blood are require;/in several
parts of the body, as in cases of violent exercise,the
supply is furnished by a general increase in the rate
of oiroulaﬁory flow. When the demand for an increased
flow of blood becomes general, this is always accompanied
by an increase in the work of the heart. It might be
thought that a dilatation of peripheral arterioles would

Secure an increased supply of blood without necessitating

an/
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an increase in the force of the cardiac beat. The
extent to which such a compensation can occur must how-
ever, be insgignificant, because of the balance of relat-
ions which exist between the amount of blood propelled,
the general pressure and the rate of flow. For example,
if there is a general demand for an increased supply of
blood to the limbsg during exercise, a diminution in the
general arterial pressure in these areas would so reduce
the difference between the arterial and venous pressures
that the 33@% of flow in the capillaries would be in-
sufficient to maintain the necessary supply of venous
blood to the heart. Thus any considerable increase in
the rate of flow necessitates an increase in the work of
the heart; and a constantly high rate of blood flow
apart from any obvious defect in the cardio-vascular
apparatus may lead in the long run to a failure on part
of the heart to continue to meet the abnormal demand.
This is probably the condition of affairs in those cases
of exophthalmic goitgé_which are complicated by cardiac
failure..

i Again, the work of the heart may be increased by a
© &Fghtening of the peripheral resistance to the blood |
flow. Even in health there may be considerable varisat-—
ions in the peripheral resistance. These variations

may/
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may or may not be compensated by an inoréase in the
work of the heart. Exposure to cold produces con-
tfaotion of the peripheral arterioles. When this is
not met by an increase in the work of the heart +o main-
tain the nutrition and heat of the parts exposed, the
tissues are devitalised zglexposaée>to the risks of
necrosis. The irritation of sensory nerves may also
produce constriction of arterioles over an extended area,
and this increase of peripheral resistance is usual%y
met by an increase in the work of the heart. In chronic
Bright's disease and in arteriosclerosis there is a con-
stant increase in the peripheral registance, due to
perpetual tonic contraction of the smaller arterioles;
this condition is soon reflected in the hypertrophy of
the heart which is necessary to the performance of
additional work. | In many, if not in most of these cases,
the cardiovascular apparatus breaks down from an exhaust-
ion of the physiological reserve which enabled it to
adapt itself to the enhanced demand during the earlier
stages of the disease.

The inter-dependence of the respiratory and circula-
tory systems has been referred to repeatedly. Their
mutual influence in morphological development and in

physiological activity is apparent. The return of the
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venous blood to the heart and the propulsion of the blood
through the heart and lungs is assisted to an enormous
extent by the variations in intra-thoracic pressure
consequent on the respiratory movements. I have on other
occasions called attention to the fact that an inter-
ference with the freedom of the respiratory movements

over a prolonged period, may diminish this accessory
circulatory force to such a degree that the extra work

on the heart may lead to a final inefficiency of the
cardio-vascular apparatus. When there is extensive de-
formity of the chest wall due to caries of the spine,
advanced rickets or other causes, the patient may die

with all the evidence of cardiac failure. Fluid in the
pleural sacs, adhesions of the pleurae, extensive fibrosis
or collapse of the lungs may also interfere to such an
extent with the flow of blood through the lungs and also
with the circulatory assistance of the expanding and
contracting spongy lung substance, that cardiac faillure
may ultimately ensue.

Another extra~cardiac mechanical embaﬁassment which
may prove prejudicial to the circulatory flow and terminate
in cardiac failure occurs in the abdominal vessels. I
have observed in several cases’af epidemic cerebro-spinal

meningitis a sudden rise of the pulse rate from about 100

to/
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to 130 per minute. Accompanying the rise in rate the
pulse became small and weak. Pallor of the lips and
face with general 1 anguor and weakness were also present.
In 24 to 48 hours after the onset of the change in the
pulse rate, death ensued. Post-mortem examination of
these cases revealed a condition of extreme dilatation of
the capillaries and venules of the abdominal viscera.

The kidneys, liver and intestinal walls were engorged
with blood. Death had occurred from circulatory
failure as a result of bleeding into the splanchnic

area, the phenomenon no doubt originating in an involve-
ment of the vasomotor apparatus by the inflammatory
process in the central nervous systen.

Other instances of failure of compensation in theb
circulatory system attributable to extra-cardiac causes
might be cited. Abnormalities or perversions of the
functions of glands whose internal secretions exercise
a tonic or regulatory influence on the circulation, may
ultimately lead to circulatory failure. Thé?oondition$,
though they undoubtedly exist, are ill-defined and
obscure, complicated as they usually are by other dis-
turbances in the organism. Enough has been said however
to show that in estimating the factors which contribute

to cardiac failure cognizance must be taken of the fact

that/
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that every part of circulatory apparatus participates
actively in the propulsion of the blood, and that numerous
accessory forces are necessary to the maintenance of an
efficient circulation. Wherever the initial weakness

or lesion lies, the first evidence of circulatory disease
is usually reflected on the heart itself. It is only
when the last barrier gives way, or threatens to give

way that the patient first becoﬁes aware of those symp-
toms arbitrarily known as "heart disease".

In sharp contrast with the foregoing instances of
chronic circulatory failure due to extra-cardiac causes
are those in which the embagassment of the circulation
ig due to causes operating in the heart itself. These
cages are a8 & rule the result of endocarditis and myo-
carditis following acute rheumatisms or one of the infect-
ions, or they not infrequently result from defective
blood supply due to atheroma of the coronary arteries or
stenosis of the coronaries by syphilis of the aorta. The
objective clinical signs often manifest themselves in an
interference with the orderly sequence of events in the
cardiac cycle. The contraction of the auricles is
refleqted in a pulsation in the Jjugular vein and the
contraction of +the ventrioies is detected by a pulsation

at the apex of the heart or ih the radial artery. By

means/
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.means of polygraph records these events and their tissume
relations may be correlated, so that the observer has

a means of determining whether the normal sequence of
events is maintained; whether for example every auricular
contraction is followed by a ventricular contraction,
whether the delay between auricular and ventricular con-
traction is normal in length, or whether there is any
auricular contraction at 511. These and other dis-
turbances of co-ordinated cardiac éontraotion may be

more accurately determined by means of the electrocardio-
gram, When an abnormal series of events in the cardiac
cycle manifests itself in the form of a dissociation of
auricular and ventricular contraction, with, as a rule,
extreme slowing of the ventricular rate, the condition

is known as "heart-block". When there is no evidence
of auricular contraction on the polygraph or electro-
meter records and the radial pulse reveals the character
of what is known as an irregular irregularity, the con-
dition is termed "auricular fibrillation". These two
conditions and some allied forms of irregularity con-
stitute the subject of the present investigation. In
the next two chapters the anatomical basis of co-ordinated

cardiac action will be described and discussed.
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CHAPTER IT.

THE AURICULO-VENTRICULAR SYSTEM OF THE MAMMALTAN HEART,

Although the groundwork of modern research in the
physiology of the heart was laid thirty years ago by
Gaskell in his well-known investigations, it is only
within the last seven or eight years that a systematic
attempt has been made to correlate the results of experi-
ment with the anatomical gstructure of the organ. For
the great advances in this latter aspect of the subJject,
the examination of the morphology and minute structure and
their relation to function, science is chiefly indebted
to Aschoff and his pupils in Germany, and to Keith and
his pupils in this country. Not that physiologists have
been in the meantime inactive, for the recent researches
of Leonard Hill, Einthoven, Lewis, Rothberger and
Winterbérg, Hering, Miss Buchanan and others have added
enormously to our knowledge of the phanomena of cardiac
activity. The work of these observers is all the more
lmportant in that with them for the first time pathological
reaction has been regarded as a subject for physiological
research and the anatomical basis of these reactions have

not been left out of account. Perhaps most important
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from the point of view of practical medicine 1s the fact
that phargmacology and clinical observation have con-
tributed their quota to the sum of knowledge on the
subject. No one interested in this branch of science

can afford to overlook the important and suggestive re-
sults of the work of Cushng¢y and his pupils on the action
of certain drugs and poisons on the organs of the circula~
tion; and the researches of James Mackenzie and Wencke-
back with their followers in this country ,amseé on the
continent and in America have made the results of this
recent research work a matter of first rate interest and
importance for the every-day practice of medicine. In
fact, there is to-day no department of medical science in
which such a diversity of talent and practical insight

has intelligently co-operated to produce practical results
as that Whioh’ooncerns the study of the heart in health

and disease.

In describing and discussing the general morpholegy
and minute anatomgif;pecialised structures in the heart
I propose to deal first with:-

I. The microscopic Anatomy of the cardiac muscle and
its blood supply.
II. The general morphology and minute anatomy of the

speclalised auriculo-ventricular muscle system.
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1. THE MICROSCOPIC ANATOMY OF THE CARDIAC MUSCLE
AND ITS BLOOD SUPPLY.

The mugscle substance of the heart is composed of
transversely striated fibres which present striking
differences from the fibres of skeletal muscle. Whereas
the fasciculi of skeletal muscles are composed of single
fibres, the fibres of the cardiac mﬁsole are continuous
with each other. The cardiac nusculature is really a
syneytium (Kolliker, M. Heidenhain) composed of fibres con-
tinuous in their long axis and intimately connected with
each other by side fibres passing almost transversely
between neighbouring strands. It is no longer held that
mononuclear segments are divided from each other by
transverse bands of cement substance for in well prepared
fresh pieces of tissue properly fixed, a continuous
portion of a fibre may be seen to contain several nuclei
‘at regular intervals; segmented portions do occur, but
they are isolated in their distribution, being most
frequently found in the papillary muscles and in the
circular fibres surrounding the orifices of the cardiac
chambers . The function of these so-called "cement lines"
which appear to interrupt the continuity of the fibre is

8till obscure. That they divide the fibre functionally
is /
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is highly improbable because it has been observed that
the fibrils pass through them (v. Ebner, M. Heidanhain).
Examined in fresh prepsarations it is seen in many cases
that the "lines" do not traverse the whole breadth of
the fibre; in some cases they extend partly across
the fibre and in other cases they cross it completely but
in an irregular staircase fashion. According to v.
Ebner the lines represent a dying phenomenon. Eppinger
regards them as pathological in origin. M. Heidanhain
believes that they are the expression of a functional
activity of the fibre, and that they are in some way
associated with its growth. In the human subject the
"lineg" are from 1 4 to 1-7‘u.thiok-and they consisgt of
parallel perpendicular rods. They occur at irregular
intervals which have no relation to the position or
distribution of the nuclei in the fibre, so that their
presence does not in any sense indicate a separation of
the fibre into cells.

The "cement lines" are absent at birth and are
most obvious in advanced years (Aschoff). The fibres
possess nuclel sarcoplasm fibrillary substance and sarco-
lemma which differs from that of the skeletal muscle
fibrfein not being of a chitinous nature; the sarcolemms
is a very delicate protoplasmic membrane and is often
richly impregnated with granules. The nuclei lie inside
the fibre and are é¢lliptical in shape; they are 7-16 .«
long/
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“long and 5-9 m broad and possess a well marked chromatin
network and a nucleolus; at each pole of the nucleus
there is a mass of granular protoplasm, the sarco-

plasm is more richly developed than in skeletal muscle
and contains strongly refractile granules which in adult
life take on a yellow or yellowish brown colour. Except
that in atrophic and wasting conditions they are usually
very prominent their presence is not known to possess any
gignificance. The contractile substance .of the cardiac
muscle fibre is composed of bundles of fibrils, the
sarcostyles. These are somewhat prismatic in shape and
lie towards the periphery of the fibre, the centre of the
fibre being occupied by the nuclei and its surrounding
sarcoplasm. The sarcostyles exhibit longitudinal and
frequently transverse striation, the former being due to
the fibrils and the latter to doubly refractile substances
which the fibrils oontain; The transverse striation is
sometimes ohscured by the sarcolemms. Not only do the
fibrils maintain a structural continuity through the
“cement lines" referred to, but they bridge the spaces
between neighbouring fibres, a number of fibrils from one
fibre becoming detached and passing uninterruptedly into
its neighbour, to become continuous with its fibrils. 1In

this way there is an unbroken continuity of structure from

the/
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the entrance of veins to the exit of the large arteries
through the whole length of the heart. This is the
pathway along which the waves of contraction pass; on
their route they may be subjected to nervous or other
influences depending on a modification of theilr structure;
8 recognition of the fact that the heart muscle 1is a
fetioulated syncytial tissue and not composed of inde-
pendant fibres like skeletal muscle or of independant
cells like parenchymatous organs, is of fundamental
importance for a proper understanding of the physiology

and pathology of the organ.

THE BLOOD SUPPLY TO THE HEART MUSCLE.

A clear conception of the nature of the blood supply

to the cardiac muscle is indispensable tb an inter-
pretation of some of the‘most important features of heart
disease. Cohnheim regarded the coronaries as end-
arteries and most pathologists have accepted his view in
this respect. More recent investigations have however
tended to upset the idea. Hirsch and Spalteholz have
succeeded in injecting preparations with 0015533 gelatine
which exhibited an extraordinarily rich anastomosis between
the smaller arteries and arterioles of the two coronary

arteries and between adjacent branches of the same coronary

artery./-
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artery. This anastomosis has been demonstrated in
every part of the heart, and it has been seen in the
human heart as well as in the heart of the dog and of
the calf. The vascular ramifications are very easily
demonstrated in.young hearts where even on microscopic
examination the dense network of small vessels is a
striking feature.

The abnormally rich blood supply of the heart is a
characteristic of the organ in the lower members of the
vertebrate kingdom. In the fish and amphibians a special
coronary system is but poorly developed and the muscle
‘is nourished by‘a process of absorption by which the . .

Zhe cardtoc covhits
blood is sucked into the dilating chambers,like water
into a sponge; on contraction the blood is squeezed out
- and propelled onwards to be replaced by a fresh supply
during the succeeding diastole. It is not too much to
gay that in the human heart an analogous process is at
work . The nutritional supply of the cardiac muscle
differs essentially from that to any other part of the
body. During ventricular systole the blood is forced
into the aorta and thence throughout the body; but
while the ventricles are oontracting the blood can be
forced only into the larger branches of the coronary
arteries, which from their situation are not exposed to
the pressure of the ventricular systole. The ventricle

cannot /
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‘cannot force blood into its own substance while it is

in a state of contraction. The result is that the nmuscle
substance receives its nutritional supply during diastole

in much the same manner as the fish, and the return of

the venous blood occurs with the Subsequent systole ;%b
j”u‘wka‘:; :—‘wl—ﬂda‘-eow-f A.l-:-:l- ﬁ;;- “ A:-du:’h“:/ /v-— e o:vmu’ze‘ % O ‘Jwarb Bt P e
M is thus obvious that in the heart the conditions of
nutrition are of a very unusual character. For its

proper nourishment a forcible expulsion of blood from

the left ventricle is not so important as a high pressure
in the aorta during ventricular diastole; it is for this
reason that disease and mechanical incompetence of the
aortic valves gives rise to a form of cardiac weskness
not usually amenable to treatment which consigts in
8lowing of the rate of contraction. This whole question
will be fully discussed later, when some cases of cardiac
disease due to an inadequate coronary circulation are

under consideration. (p.rL¥yJd).

IT. THE GENFRAL MORPHOLOGY AND MINUTE ANATOMY

OF THE SPECIALISED MUSCLE SYSTEMS.

Yhe main thesis developgd in the preceding pages
is that the wave offoontraction in the vertebrate heart
passes from the ent£anoe of the veins along a cbntinuous
Substratum of muscle tissue through auricles, auriculo-
ventricular junction and ventricles to the region of

exit of the large vegsels. Till the year 1893 the

existence/
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exigstence of 'a muscular connection between auricles and
ventricles in the mammalian heart was generally doubted
or denied. Although Gaskell had in 1883 described

a muscular continuity between the various chambers of
the heart in cold blooded animals, Stanley Kent was the
first to record an observation of the presence of an
auriculo-ventricular muscular continuity in the heart

of the mammal. The publications of His, in which a
more detailed description of the structures were given,
appeared shortly afterwards. It is however to the
researches of Tawara under Aschoff's guidance that
Science is indebted for an exhaustive description of the
morphology and minute anatomy of the auriculo-ventricular
musculature and its relations to the ordinary muscle of

the auricles and ventricles respectively.

I, THE AURICULO-VENTRICULAR MUSCLE SYSTEM.

Tawara compared the auriculo-ventricular system to a-
tree, the roots of which are embedded in the inter-
auriocular septum near the coronary sinus and the main
trunk of which lies on the inter-ventricular septum,
Piercing the fibrocartilaginous septum between the
auricles and ventricles, ultimately spreading its branches

and fine twigs in the subendocardial layer of the ventricles
for/



for the most part at the bases of the papillary
muscles. The observations of Tawara have been con-
firmed in the main by subsequent researches although a
number of new points have been raised necessitating a
modification of some of the conclusions at which he
arrived.

It would serve no useful purpose in the present in-
stance to follow the wide-spread ramifications of the
literature to which this subject has given rise. The
main object of the thesis will best be served by giving
a maorosoop;c and microscopic description of the structures
a3 I have observed them in the human heart and in the
heart of the sheep. I have examined this special muscle
system in a great variety of mammalian hearts including
those of the monotreme,(ﬁchidna} and the kangaroo with
the result that the general morphology, while showing con-
8iderable variations in different species, and also in
different members of the same species, presented on the
whole similar features, (1) in its site of origin in the
inter-auricular septum, (2) in the oourse of its main
Stem along and through the fibrous septum and pase Jare
membranapgsa septi and (3) in the distribution of its two
ain subdivisions in the subeudocardial tissue about

papillary/
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pepillary muscles in the right and left vewlicle,
Tawara's work stands out pre-eminently from that of
his predecessors in that he was the first to recognise
the wide-spread arborisations of the system beneath the
endocardium of the ventricles. He made it clear that
the distribution of Purkinje fibres in the ungulate
heart, obvious even on naked eye examination are to be
regarded as the terminal processes of the auriculo-
ventricular muscle system where the fibres of the latter
become continuous with the ordinary muscle fibres of the
ventricles.. Stanley Kent, His, Retzer and Braeunig
had already published records of observations on the
Subject showing that a muscular continuity did exist
between auricles and ventricles in the mammalian heart,
but each of these observers was under the impression
that while the fibres of the muscle bundle originated
in the inter-auricular septum, they became continuous
with the ventricular muscle immediately beneath the
fibrous septum or pars membranagea septi. I have
chogen for description the sheep's heart and the human
heart for the following reasons:-— (1) Those who desire
to work out the anatomy of this muscle system should
commence with the sheep's heart because it is a good
Tepresentative of the ungulate heart, and it is the ungulate
heart which gives the easiest key to the course of the main

Subdivisions/
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subdivisions of the bundle and shows most readily that the
pundle does not terminate in the roof of the inter-ventricular
geptum but is distributed widely inside the ventricles. In
the ungulate heart the continuation of the Purkinje fibres
with the main subdivisions of the bundle on the one hand and

* the ordinary muscle of the ventricle on the other, is eagily
demonstrated; and the ungulate hearts are the only mammalian
hearts in which this is the case. Moreover we shall see that
a clear conception of the course of the divisions of dis-
tribution of the bundlé in the ungulate heart and of the*
relation of these subdivigions to the 5;65;é tendineae,
affords an insight into the phyliogenetio reiationship of this
nuscle system to the auriculo~ve£tricular muscle in the lower
vertebrete hearts. (p.134 ). (2) The human heart does not
contain Purkinje fibres.X The distribution of the main
subdivigions is difficult or impossible to determine with

the naked eye; in this respect the human heart resembles

that of the dog, cat or rabbit, and will be described because
such a description may be taken to apply in a general sense

to the hearts of these laboratory animals; a description of
the human heart is also necessary in view of its examination

in pathological conditiong.

x (The fibres in the auricles which have been described as
such are not really Purkinje fibres; fibres with a large
amount of protoplasm, few fibrils and little transverse
striation are almost always to be found in the auricles of
bersons of advanced years; they are usually seen where
there is a considerable amount of fibrous or elastic tissue
and they are not Purkinje fibres).
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THE SHEEP'S HEART.

Macroscopic Examination - If a fresh sheep's heart

be opened and washed for twelve hours in running water an
extensive meshwork of fine pale threads will be seen to
stand out from the shining grey reddish background of the
endocardial surface of the ventricles. This network will
be found to be more dense in the lower two thirds of the
ventricles, more especially round the papillary muscles

and in the apices; +towards the orifices of the chambers

the threads are fewer and less distinct. More careful
examination will disclose the fact that the threads of

the network are slightly elevated above the general level

of the endocardium. Where the ventricular walls are
smooth the threads appear to rest in close é@position to
the general musculature, but towards the spe;;és of the
ventricles and where the inter-ventricular septum becomes
continuous with zuparietal walls the threads become more
elevated at places, and they occasionally leave the solid
wall of the heart to cross in short bridges from one part
of the ventricle to another; in this way the spongy
appearance which is not infrequently seen at the ventricular
aplces consists of fine trabeculae of ordinary muscle fibres
mixed up with the paler threads of the general network.

Not infrequently in the left ventricle & small cord or cords
may pass from the flat surface of the inter-ventricular

septum/



geptum to the papillary muscles. Such cords bear at first
gight a close resemblance to the chordae tendineae of the
mitral e;zép in the immediate neighbourhood, but these are
usually found on closer examination to contain fibres
belonging to the system under discussion. In the right
ventricle the network may be seen to radiate from the
anterior papillary muscle at a point where the moderator
band is inserted into that structure. The moderator band
varies in size and appearance in different sheeps' hearts.
In some cases it is thin and paler than the ordinary
muscle, and then it is found to consist exclusively of
fibres belonging to the network; in other cases it is thick
with a pale streak on one gide or in ité centre, and in
these cases the fibres of the network are found to be'
accompanied by ordinary muscle fibres. The moderator
band emerges from the right side of the inter-ventricular
septum at the insertion of the papillary muscles to which
the chordae tendineae of the septal cusp of the tricuspid
are attached, and passes diagonally across the ventricle
to the anterior papillary muscle.

In the hearts of older sheep the cords of the network
are surrounded by a thin layer of fat cells. This tends
t0 a slight elevation of the network from the muscle on
which it lies and to a more definite delimitation from the
surrounding structures. A good demonstration of the net-
work can be obtained by fixing the heart in Formol-Muller

solution/




solution and afterwards preserving it in 70% Alcohol;
thus prepared the network assumes a greenish gray colour which
stands out in relief from the greyish brown ventricular
muscle.

In each ventricle the network is the ramification of
a single branch which descends on the side of the inter-
ventricular muscular septum from the region of the pars
membranagea gsepti. Rach of these branches represents the
right and left subdivisions respectively, of the auriculo--
ventrioular bundle (Bundle of His)(;3).The division of the
bundle takes place as a rule below and in front of the fibro-
cartilogenous septum between the regions of attachment of
the right and posterior aortic valves. It is posgssible to
follow the right and left branches to the point of division
of the main bunble. The right branch may be followed from
the moderator band;. prepared in this way it ig found to
emerg§ from the muscular geptum in which it lies at a varying
depth beneath the endocardium; its course from the point of
divigion is in a downward and forward direction in the muscle
beneath the septal cusp of the tricuspid. It rarely becomes
Subendocardial before reaching the modersator band, and it
does not appear to give off any branches before it becomes
subendocardial. The dif%otion is rendered eagsy by the

fact that the branch is enclosed in a fibrous tissue sheath

and/
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and it is not infrequently surrounded by a layer of fat.

In the left ventricle the network of ramifications spreads
from the flat surface of the inter-ventricular muscular
geptumnm, Examination of this surface will, as a rule, reveal
the presence of two pale cords deviating from a common stem
a short distance below the adjacent corners of the right and
posterior aortic cusps; these two cords are the main sub-
divisions of the left branch of the bundle, and as'can be
obgerved extend into the subendocardial network. The left
branch emerges from the muscle of the septum at a varying
distance beneath the point of division of the bundle. The
depth in the musoular geptum at which this division takes
place varies in different hearts. In the human heart it
takes place on the roof of the septum, while in the heart

of the horse the division may take place at a depth of half
an inch beneath the roof of the muscular septum. Having
followed the system to the point of division of the bundle,
the bundle itself may now be traced upwards and backwards
through the auriculo-ventricular fibro-cartilagenous septum
to a site between the fibrous septum and the auricular
endocardium. In this region the tissue of the bundle,
while sharply demarcated from the ordinary cardiac musculature
is in very close relationship with the central fibrous body
of the heart, and this renders its isolation by dissection

a matter of considerable difficulty; * it is however possible

in/
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in many cases to follow it along the right side of the
geptum to its origin in the auriculo-ventricular node
(Tawarafs Node) which lies in the lower aspect of the
inter-suricular muscular septum just behind the fibro-
cartilagenous septum. Here the fibres of the node become
continuous with the ordinary muscle fibres of the auricle.
Although it is said that the musculature of the node is
continuous with the muscular wall of the coronary sinus

by means of "transitional fibres":this continuity cannot be
demonstrated in macroscopic specimens.

Miceroscopic Examination - The muscular connections

of the node with the auricle and the relaﬁionships of the -
node and main bundle to the surrounding structures can be
satisfactorily studied only by the examination of serial
sections.  The block of tissue which must be excised for
this purpose is prepared as follows:- the aﬁterior border
of the block is delimited by an incigion in the long exis .
of the heart, and at right angles to the auriculo-ventricul ar
gré&e, through & point about 1 ¢.m. in front of the adjacent
corners of the right and posterior aortic cusps; this
incision passes through a point in the immediate neighbour-
hood of the orifice of the right coronary artery. The
posterior border of the block is marked by an incision
parallel to the first incision and passing through the

anterior edge of the coronary sinus. Both incisions pass

through/
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through the wall of the aorta and on the right side through
the septal cusp of the tricuspid; the second incision
passes on the left side through the aortic cusp of the
mitral valve. The block is freed by two parallel hori-
zontal incisions joining the first two; the first of
thege latter is made parallel to the auriculo-ventricular
groove on the right side and about 2 cm. above it; the
second is made to inolude;a depth of 1 cm. of muscle from
the roof of the inter-ventricular muscular septum. The
block should be incised only after the heart has been
thoroughly fixed in a fixing reagent such as formalin or
Formol-Muller, and subsequently hardened in alcohol. It
should not be trimmed for final embedding until the
hardening and distorting action of the first absolute
alcohol has given it a permanent shape. It is important
for purposes of orientation to have the ultimate shape
such that the~bundle lies as nearly as possible in the
course in which it is situated in the living heart. To
secure this end it is sometimes necessary to fix theAblock
in splints during the process of hardening in alcohol.
Blocks from the hearts of ungulates where the fibro-
cartilagenous septum contains bone should be decalcified
before hardening. In the case of the human heart the
blocks should always be placed in & decalcifying solution,
ag even where there is.no evidence of calcification on

digseased valves there may be deeply seated depéSits of

lime/
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lime salts in the centre of the block. The process of
decalcification if properly carried out, and if followed

by careful subsequent treatment does not in any way inter-
fere with the ordinary examination of normal or pathological
gpecimens. On the contrary it will be found that such
treatment facilitates the preparation of serial sections
from a block of tissue such as this, which from its com-
pound character is extremely difficult to cut even under

the most favourable conditions.

In embedding the block special care should be taken
in its orientation &o that when the sections come to be
made the plane in which they are cut may be chosen with a
view to the easy recognition of the relations of the
different structures, The sections may be cut in a
plane parallel to the second two incisions made in the
excision of the block; in such sections the bundle will
be represented more or less in its long axis in its course
from the node to the point of division; +this is the plan
which has been followed in preparing the sections of +the
sheep's bundle which are about to be described. On the
other hand the sections may be cut in a plane parallel
to the first two incisions made in the excision of the
block, and in this case the bundle will be cut in a trans-
verse direction. This latter method has been adopted in

the case of preparations from the human heart; it is also
the/
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the method which provides the easiest orientation in the

case of all small vertebrate hearts which can be embedded

as a whole and examined in serial sections throughout.

In the cese of normal hearts the best differentiation is
obtained by staining with haemalum and Van Gieson. In

the examination of pathological specimens I have in addition
employed Haemalum and eosin and also Weigert's elastic tissue
stain. When the observer is accustomed to Haemalum and
Fosin in ordinary pathological technique, this method is
probably the most satisfactory also in examination of the

auriculo-ventricular system in the human heart.

MICROSCOPIC EXAMINATION OF THE SHERP'S AURICULO-VENTRICULAR
SYSTEM. |

The series of sections commences with those from the
upper border of the block and gradually descends to the
lower border; +thus in the first sections the most prominent
Structure is the aortic wall and in the last the inter-
ventricular muscular septum. Following the series in this
order a section is met with in which the fibro-oartilagfnous
septum is a prominent feature. On the posterior aspect
of the septun there may be seen a small mass of muscular
tissue standing out in marked contrast from the surrounding

muscle in virtue of the complicated network arrangement of

its fibres and the pale yellow colour which these fibres

agsume /
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assume sssuwme with the Van Gieson stain. The fibres

are also narrower in diameter than those of the surrounding
nuscle whose colour is more of a dafk brown hue. The
nuclel in the network are rounder and smaller and relative-
ly more numerous. There 18 a considerable quantity of

fat round about the network although there is no sharp

line of demarcation; a few of the fibres of the surround-
muscular tissue pass directly into the network; some of
these fibres pass in longitudinal strands from the
direction of the coronary sinus, but they present no
modification of structure, and are not, so far as can be
geen, to be regarded as “"trensitional fibres" between

those of the network and the muscular wall of the sinus.

On the right side the network is separated from the

fibrous attachment of the septal cusp of the tricuspid

by a small amount of auricular tissue, and the auricular
tigssue is itself separated from the network by a narrow
layer of fat cells and delicate fibrous tissue through
which occasional auricular fibres penetrate to become em-
bedded in the main mass of the network. On the left side
the network is separated from the fibrous insertion of the
aortic cusp of the mitral by a small amount of auricular
muscle and a strand of fat and fibrous.tissue through which
communicating muscle fibres are seen to pass. In the

Succeeding sections the network (the node of Tawara) increases

in/



— 43 —~

in its dimensions preserves‘its complicated appearance and
general relations but gradually infringes on the main

body of the fibro—cartilagénous septum against whose right
gide it is firmly embedded and into whose structure occas-
jonal isolated strands of the network are found to wander.
On the ventricular side of the septum a small round mass of
tissue stained a faint yellow and sharply demarcated from
the ventricular muscle is now seen(%p@On closer examination
it is found to be a reticulated network of fibres; but

here the fibres are large and broad, they contain a large
amount of protoplasm, longitudinal striation is indistinect,
and where present is seen only at the sides of the fibres
and transverse striation is everywhere less distinct. The
fibres vary greatly in size and shape and contain one, two,
or sometimes three a&d geldom four nuclei. In the following
sections the network on the auricular side diminishes in
size posteriorly, but gradually eats its way into the septum
anteriorly. The auricular parts of the bundle in its anterior
part, where it is penetrating the septum, has now assumed a
form and structure identical with that which characterises
the small ventricular portion already described. Soon the
auricular and ventricular portions are seen to become con-

tinuous, although there is as yet no evidence of any connection

between the ventricular part of the bundle and the ordinary
ventricular musoulature(Fag)At the present stage we have a
picture of the auriculo-ventricular bundle in its course |

through the fibro-cartilagenous septum which gseparates
the/
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the auricles and ventricles; the bundle may be recog-
nised as consigting of two parts which differ essentially
in their histological appearance; the posterior part
presents the characters of a network of fine fibres such

as was described in the first sections in which it appesared;
this finely reticulated mass which no longer shows

muscular connection with the fibres of the inter-auricular
septumn passes almost suddenly into a network of large
coarse fibres, rich in protoplesm and showing little or

no striation; stained by appropriate methods the anterior
portion is found to contain glycogen whereas the posterior
portion containg some " The finely reticulated part of

the bundle (the node) contains an abundént supply of small
vessels in addition to a moderately large vein, and there
is considerably more interstitial fibrous tissue than is

to be found in ordinary auricular or ventricular muscle.

In the anterior part the bundle is divided into strands

by coarser sheaths of fibrous tissue and the fibres within
the gtrands are themselves interspersed in a fine fibrous
tissue network. In the next sections the anterior fibres
while preserving their reticulated conformation present

the appearasnce of having been cut mostly in their long
axis. The bundle gradually extends forwards and then
forward and downwards on to the roof of the interventricular

Septum, When opposite the adjacent corners of the right

and/
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and posterior aortic valves the anterior part of the
pundle has already become embedded in the muscular septum
and quite separate from the fibro-cartilagenous septum,
which once more separates it from the lower portion of the
finely reticulated node (Figk{7) . At this point the
bundle enclosed in its fibrous tissue sheath, is equi-
distant from the endocardial surfaces of the right and
left ventricles on either side, and the fibrooartilagénous
septum above. FPollowed a short distance downwards and
forwards 1t is found to divide into two, each subdivision
remaining enclosed in a thick capsule of fibrous tissue.
When the end of the series is reached the right and left
subdivigions are gtill deep in the interventricular
nusculature.

The further course of the right and left branches may
be'followed by the examination of a series of sections
from a block of interventricular septum extending from the
anterior margin of the first block, to an incigion parallel
to that side and passing through the septum in front of |
the septal attachment of the moderator band. The lower
margin of the block should be made by an incision péssing
below the geptal insertion of the moderator band where it
should meet the anterior margin of the new block; the
exclsion is completed by vertical and horizontal incisions,
Whioh will include the remainder‘of the two main branches
as far as the edges of the first two incisions. The

tissue/
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tigsue is still attached to the heart by the moderator
band, & small portion of which should be retained.
Beginning with the sections from the upper side of
this second block the right and left branches of the
bundle are found still to lie deep in the inter-ventricular
musculature. The left branch is somewhat larger than
the right, and it very soon takes a downward and outward
direction till it lies beneath the endocardium of the left
ventricle. In its subendocardial position 1t retainsg its
fibrous tissue sheath although the latter becomes fused
with the ordinary loose fibrous tissue in that region.
The structure gtill presents a reticulated form althoﬁgh
the fibres appear for the most part to be cut transversely.
There is a great variation in the sizeq§ and shape of the
fibres and by this time they exhibit a very pale homoge@%ug
appearance characteristic of the Purkinje type. Further
down,the capsule of the branch becomes thinner till it
would appear to lie surrounded only by the ordinary sub-
endocardiac fibrous tissue, although separated from the
ventricular muscle by a general sheet of connective tissue.
The individual strands of the branch are still surrounded
by a delicate web of connective tissue; each strand is
composed of from four to eight fibres, and the single
fibres cut transversely appear large and contain from one
to three nuclei lying in a.olear mass of homogenous proto-
plasm whereas the periphery of the fibre is granular and

glightly/
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slightly striated. Very occasionally a small strand is
geen to leave the main mass and pass into the general
nusculature of the ventricles.

The right branch may now be followed from the site at
which it lies in the beginning of the series from the
second block. It is, like the left branch, enclosed in a
fibrous sheath and may be followed downwards and forwards
till it enters the moderator band. During its course it
lies about 1°5 §;§l beneath the endocardium of the right
ventricle. It pregents histological features similar to
those described for the left branch. It is to be noted
that the left branch reaches the subendocardial layer long
before the right branch enters the moderator band. In
some cases the right branch emerges beneath the endocardium
before it enters the band and in the band itself may lie
beneath the endocardium; in other cases it may pass through
the band survounded by ordinary muscle and not become sub-
endocardial till it reaches the anterior papillary muscle;
Occasionally the moderator band consists solely of the
right branch of the aurioul@—ventricular system.

The right and ieft branches have now been followed to
gites where thelr presence is easily determined by naked
eye examination. It has been pointed out already that they
become continuous with the extensive netwerk subendocardial

network which lies on the papillary muscles of the right

and/



- 48 —

and left ventricles respectively, and which spreads in a
legs distinct and less extensive manner on the other
parts of the inner surfaces of the ventricles, especially
in the lower two thirds of the chambers. It will be noticed
that at a varying distance from its appearance beneath the
endocardium (usuelly 0.5 = 1 cm.) the left branch divides
into two, a large posterior division which cuurses hori-
zontaliy in the direction of the posterior paplillary muscle
and a smaller anterior division which may be followed
downwards and forwards to the anterior papillary muscle,
and the surrounding part of the ventricle in the region of
the apex. The thin pale threads which occasionally cross
the trabeculae, and the fine threads which may be seen to
cross the ventricular chamber from one papillary muscle to
enother usually consist of Purkinje fibres: not infrequently
& small cord may be seen to cross the chamber from the septal
wall té one or other of the papillary muscles; these cords
“belong also to the auriculo-ventricular system. Only very
Suhtrnbocaviiar poshin tu The SepTlin
seldom do the strands leave therendocardium to penetrate
deeply into the heart wall. It is only after the ramific-
ation of the main subdivisiéns takes place that the Purkinje
cells become continuous with the ordinary muscle cells of
the ventricles. I can confirm the observation of Tawara
that in isolated parts Purkinje fibres may be Seen sub-
endocardially which by the examinationfof serial sections

cannot/
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cannot be brought into continuity with the general systemn.
Such fibres are often found near the auriculo-ventricular
orifices. (p.31). This was a striking feature of a
gpecimen of Echidna (monotreme) in which I examined serial
gections of the whole heart. The right branch ig this
heart as in the case of the sheep did not give off any
ramifications till it reached thebpapillary muscles. Round
the papillary muscles and in the lower two thirds of the
right ventricle the Purkinje fibres were in a continuous
network; isolated strands of considerable size in the
upper third and near the flaps of the valves could not be
followed into continuity with the system in the lower two
thirds. Another peculiar feature of this heart was that
whereas the right branch ended in Purkinje fibres, there
were no such fibres to be seen in the left ventricle.
Nerveg:—- An important characteristic of the auriculo-
ventricular system in the sheep is the ease with which nerves
can be demonstrated in the structure. Several small nerves
may be seen to enter the node from the inter-auricular
sSeptun. These subdivide and reunite coursing among the
fibres of the gystem in the form of & network. They may
be followed into the moderator band on the right side, and

as far at least as the point of division of the left branch

on the left side. Serwe o cam alao Lo Ao v linked
ar fou & B opllany vewdLes
Lymphatics:~ Some significance is also to be attached

to/
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to the fact that the main bundle and its branches is
sur-ounded by a system of lymphatic vessels. This
possibly éooounts in part for the ease with which the
structu;e can be dissected. The importance of the pre-
gence of the lymphatic sheath will be referred to later.
xThe fdregoing description is based on the examination
of a single heart, but may be taken as representing the
characterigtic features and most common relations of the
system. The hearts of other two sheep showed slight
variations, more particularly in the course of the main
gubdivisions of the branches. These variations may be
confirmed by naked eye examination and comparison of a
number of hearts from the same species. The description
applies also in a genesral way to the hearts of all ungulates

and in a degree to the mammalian heart generally.

THE HUMAN HEART.

Macroscopic Examination - A comparison of the inner

ventricular surfaces of a number of human hearts suggests.
at once the great variation in the conformatibn and relat-
ions of the small structures, paplllary muscles, muscular
traﬁ?ulae and pale cords, which made up the picture. But
when a human heart is compared with the hear£ of a sheep or
other ungulate the contrast is still greater. In the left
ventricle of the human heart there is no gign of a pale cord

emerging/
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emerging from the interventricular muséular septum below

the pars membranacea septi; there are no anterior and
posterior cords coursing towards the anterior and posterior
papillary muscles; and the papillary muscles and lower
portions of the ventriclé are not covered with a pale

network of fine threads shining through the translucent
endocardium. A more careful examination of the human heart
however reveals the fact, that although the internal surface
of the left ventricle is subject to great individual variat-
iong, that portion of the inter-ventricular septum Beneath

the right aortic valve and the pars membranacea septi is

" always flat. This flat portion is usually in the form of a
triangle with the apex towards the base of tbe heart; here
the endocardium is less transparent than in any other part

of the ventricle. (loser examination of some hearts in this
region shows that the dull appearance is due to pale streaks
which deviate from the region of the pars in the forms of a
fan{%%khe more posterior portion descends almost perpendloularly
in the direction of the posterior papillary muscles, while the
nore anterior portion is directed forwards and downwards on
the septqm in the direction of the anterior papillary muscles.
fn the upper third of the septum the fan—shapedvstruoture
usually presents a more or less homogenous appearance, but

a8 the endocardium becomes more transparent the streaked
character becomes apparent, and lower down still the diverging
Btreaks may collect into three or four bands which aré pro-—

longed/
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longed towards the bases of the papillary muscles and

the apex of the ventricle. The structure usually disappears
from naked eye observation when the inner surface of the
ventricle becomes trabeculated. Crossihg the muscular
trabeculae at the apex fine pale cords may be seen which
resemble the extension of the Purkinje network in the same
region in the sheep. Very occagionally a thin pale cord
may be seen to pass from the fan-shaped structure on the
gseptal wall through the cavity of the ventricle to the
anterior or, as 1s more frequently the case, to the posterior
papillary muscle. These cords correspond to the twigs

of the 1left branch of the bundle described in the sheep.
The‘appearances described do not manifest themselves in an
easily recognisable form in every human heart. In older
hearts and especially in hearts which are hypertrophied and
dilated, the outline is often more manifest. Sometimes
fresh specimens afford a more satisfactory demonstration than
the same hearts when fixed and hardened; on the other hand
fixation in Formol-Mliller and preservation in 70% alcchol has
been seen to bring out the distribution of the system in a
heart which in the fresh condition showed it only in a very
vague form.

In a suitable specimen where the structure is specially
well-marked and probably also where the subendocardial
connective tissue is not too abundant, the fine threads of
which the fan-shaped structure i1s composed may be seen to

ocross/
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cross each other in all directions.

The internal structure of the right ventricle is even
more variable than that of the left(FngIn the ungulate
heart the moderator band is always well developed and
from its position is readily recognised. This is not
the case in the human heart, in which it is not always
easy to recognise the band from the other muscular trabe-
culae at the apex of the ventricle. The septal wall of
the right ventricle is covered in its upper third posterior-
ly'by the septal cusp of the tricuspid, whose cordae
tendineae are inserted into small papillary ﬁusoles which
are embedded in the septal muscle at the middle of the
geptum. In front of these papillary muscles are the large
longitudinal trabeculae of the pulmonary b&lbus, and below
the papillary muscles the septal wall is émooth. Crossing
from this smooth part of the ventricular wall to the base
of the anterior papillary muscle may be seen a trabecular
muscle on whose surface close examination may reveél the
bresence of a pale dull streek coursing in the long axis
of the trabecula¢. Should the specimen be a suitable one
this thread may be followed on to the smooth surface of
the septgi?through whose translucent endocardium it may be
easily recognised; it may still be traced upwards and

backwards to the crista supra»ventrioular&where it is lost
to/
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to Viéw below and in front of the pars membranacea septi.X
On the septal wall there ié no trace of arborisation from
the main branch, but in the trabeculae round the bases

of the papillary muscles fine threads and delicate bands
may be seen. Some of these consgist solely of fibrous
tissue but others contain muscle fibres and are in all
probability the terminal twigs of the auriculo-ventricular
system. In some instances a small pale muscular cord may
be seen traversing the cavity of the vent;iole from one
papillary muscle to another. A point of some interest is
that both in the right end left ventricle these terminal
twigs may be represgented by delicate membranous bands instead
of round cords or threads.

Having indicated the nature of the general distribution
of the right and left branches to the corresponding
ventricle, as seen on naked eye examination, it remains to
follow the branches into the main bundle. - There are some
hearts which lend themselves better than others to success-
ful dissection; probably the presence of fat and lymphatic

gpaces round the bundle and 1t®8 branches is an advantage

in/

The dissection of the right branch in its course between
the septal wall and the crista supra-ventricularis is a
matter of extreme difficulty. It can very rarely be accom-
plished. Xeith has some specimens which show it.
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in this respect. It seems also to be the case that when
the heart is oedematous the process of preparation is
easier. In any case the fresh heart should be left 24
hours in running water then packed with cotton wool and
placed in Kaiserling's solution in which it should be left
till properly fixed. It should then be transferred to

70% alcohol for 24-48 hours. Before dissection it should
be allowed to lie for some days in glycerine and water.

It is always difficult to dissect out the main branch of

the bundle because of its intimate connection with the

pars membranacea Septi and the septum fibrosum. More
especially is this the case in older hearts where the bundle
ig almost invariably subdivided into strands by thick septa
of fibrous tissue which are continuous with the fibrous
tissue of the pars. On the auricular side of the pars the
main mass of the bundle or node is found lying closely
applied to the septum fibrosum from which it carnot be removed
except by tearing or cutting; on its upper and right sides it
can be easily separated from the surrounding structures. As
& separate structure, it cannot be followed any distance
behind the posterior aspect of the septum fibrosum and does
not so far as can be seen from naked eye examination come
within a congiderable distance of the coronary sinus.

Retzer/
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Retzer succeeded in demonstrating the course and
relations of the main bundle by exposing the heart to
Macallum's process of maceration. The heart was macerated
until the connective tissue could be removed easily. In
Retzer's preparation the connective tissue became so soft
that the auricles were readily separated from the ventricles,
leaving only the muscular connection through the auriculo-
ventricular bundle. In this way he found that the bundle
lay on the roof of the interfventrioular gseptum and under-
neath the pars membranace% gepti; it could be followed
back to the trigonum fibrosum and forward to the ventricu-
lar muscle with which he believed it to become continuous
in the roof of the septum; he further describes the posterior
part, that is the node, as possessing two contributory
branches, one from the muscle of the interaurigular septum
and the other from the muscle of the septal cusp of the

tricuspid valve. However, great the merit of his method of
preparation, and however exact his description of the

course and relations of the main part of the bundle,

Retzer failed to recognise, as of course did also Kent, His
and Braeunig, that the bundle does not immediately become
continuous with the ventricular muscle on the roof of the
ventricle, but is distributed by means of a complicated

Subendocardial network as Tawara first described it.

MIGROSCOPIC EXAMINATION /
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MICROSCOPIC EXAMINATION

The method»embloyed in the excision and preparation
of a block of the node and bundle has been described
above (p.3% ). In the case of the sheep the series was
cut in a plane parallel to the course of the main bundle.
In the cagse of the block from the human heart about to
be described, the series was prepared from sections cut
in a planevat right angles to the course of the‘main
bundle. This is the method which I invariably employ
in the examination of pathological specimens, because
it'seems to provide an eagier meansg of orientation, and
also to afford a more accurate means of estimating the
extent to which the bundle is invaded by fibrous tissue
in the hearts from old subjects. The undulating course
which the bundle somepimes follows, snd the extent to
which such undulakio;:;;;fkardeninglis apt to lead to
deceptive appearances in sections which are parallel to
its long axis. The capacity to allow for these sources
' of deception is admittedly a matter of experience, and
the fact éhat I have always employed the transverse method
in the examination of smaller hearts, which were cut
'en bloc' may account . for my preferenée for this method.

The/
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The series to whizh the following description applies was
prepared from the heart of a child six months old. The
sections were examined from behind forwards.” After proceed-
ing through a number of sections of inter—auridular septum
and inter=ventricular muscular septum a specimen is noted in
which a small crescentic mass of tissue clesely applied to the
annulus fibros&s ig readily distinguished from the rest of
the auricular muscle with which it seems to be in immediate
contact. Under *the lovaower of the microscope this small
mass stands out from the neighbouring muscle in virtue of its
raler colour with the Van Gieson stain, the comparatively large
number of nuclel in its substance, and the closely packed
character of its constituent elements. Its general relations
to the surrounding structures are seen in Fig./t . Above and
to the right is seen the thick dense mass of pinkly stained
tiggue representing the annulus fibrosls and the root of
the aorta, The left half of the upper portion of the section
congists of the lower part of the inter-auricular septum with
its fibres streaming dowy in a loose fashion towards the
Septhﬂ'cusp of the tricuspid. . The lower half of the section

congists of the roof of the inter-ventricular muscular septum

separated/

X The block is cut from before backwards and mounted in series
from behind forwards, so that the orientation is such that the
obsefver looks at the heart from the front. The terms "right"
?nd left" used in the text are thus not meant to signify
towards the right side of the heart' or 'towards the left side
of the heart', but on the right or left side of the microscopic
plcture that is on the right or left side of the heart when
looked at from the front. '
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separated from the structures above by the septum fibrosum.

| In close ﬁbposition to the left side of the annulus fibrosus

"and at the corner where that structure becomes continuous

with the fibrous septum separating the auricular from the
ventricular muscle, lies the small mass of dense pale
multi—ngcleated tissue whioh repregents the first appearance
of the auriouloTVGntrioular system. Txamined more closely. the
fibres of this dense meshwork are seen to be in continuation
with the fibres of the auricular septum above and also with
the loose fibres lying on the left betﬁeen the meshwork and
the endocardium of the right auricle. Examination of the
bundle with a higher power at this point shows‘that there is
in some parts of the tissue no evidence of an interlacing of
fibres; +the picture suggests rather in such places a dense
syneytium packed with nuclei in a small amount of protoplasm
traversed by a number of fine fibrils. In other parts the
structure presents a looser appearance; the meshwork is more
open and the threads or fibres of which it is composed can be
more closely gxamined. The individual fibres are joined up
in a very irregular fashion and there is no systematic dis-
tribution of nuclei. The nuclel vary greatly in shape and
some are embedded in protoplasm while others appear to lie in
vacuolar spaces. A gystem of fine fibrils appears to

permeate the structure in a continuous and irregular way; at

the/



the edges of the bundle or node which are adjacent to the
auricular muscle a direct continuity of auricular and nodal
tisgue is observed. Striation is absent in the node.

There is a very fioh supply of delicate blood vessels, but no
nerves can be seen.

Continuing the series the node 1s seen to increase in
size, while preserving its crescentic form, with the condexity
directed towards the right auricular endocardium. It still
presents the same dense multinucleated appearance and 1ts
structure now comes into a more extensive connection with the
auricular muscle on its left and lower aspects. In the
sectiong a little further forward the node is increased in
size and its lower and outer aspect'is immediately beneath
the auricular endocardium; it is now separated entirely from
the auricular muscle by & fibrous tigsue sheath with the
exception of a small portion at its uppermost ext:t‘emity("?;zf)edﬁr;0"’L
the right side it is still closely applied to the annulus
fibrosus, into which it has eaten its way to a slight extent.[ﬁsﬁ)
Further forward still the whole node is surrounded by a fibrous
tissue capsule which demarcémes it completely from the
auricular muscle; it has now entered the substance of the
ahnulus fibrosus. On its lower and outer aspect is the
fibrous attachment of the septd& cusp of the tricuspid,

while on the right side of the annulus fibrosus the insertion

of/
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of aortic cusp of the initial 1s seen as well as the posterior
cusp of the aortic valveg.(Fy5 1)

After entering the annulus fibrosus the bundle courses
downwards and to the left till it lies in the centre of the
pars membranaced septi. (fig. /1. ). Here it presents a
rounded appearance; it has become divided into eight or ten
smaller compartments by septa of fibrous tissue; it (&iessed
still preserves an irregulaf network appearance, there are
comparstively fewer nuclei and there are numerous small
blood vessels. Closer examination shows also that the
synoytial character of the earlier structure has become
glightly modified, and that there 1s evidence of the presence
of a few distinct muscle fibrés; no striation can however be
detected. Proceeding downwards and forwards it comes to lie
on the roof of the inter-ventricular muscular septum from
whose muscle fibres it is still separated by a connective
tissue sheath. From its lower right side a few fibres are
seen to deviate to the right beneath the left ventricular
endocardium; these fibres are enclosed in connective tissue
sheaths and are separated from the ventricular muscle by a
thick lamella of connective tissue. The fibres themselves are
easily distinguished from the ordinary ventricular muscle
fibres by the fact that they are larger and péler, having a
bale greenish yellow colour, whereas the ordinary muscle
fibres are stained a yellowish brown. The nuclei are now

relatively/
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relatively fewer in number,'rounded and irregular in shape
and large in size. Here and there in the course of a fibre
there is slight transverse gtriation. These fibres descend-
ing on the septal surface of the left ventricle represent the
first appearance of the left branch of the bundle. The
portion of the bundle from which these fibres of the left
branch emerge becomes gradually cut off from the main mass

by an invagination of the tissue of the pars so that a
separate mass is now recognised towards the left representing
the commencement of the right branch(ﬁJQThis right branch
enclosed in a thick fibrous capsule can be followed downwards
and forwards on the left side of the inter-ventricular
muscular septum beneath the fibrous attachment of the septal
cusp of the tricuspid; at the same time the fibres from the
left branch continue to &scend on the other side of the
septum. The existence of the left branch as a single cord
1s soon lost sight of, the only indication of its presence
being the thin layer of.interwoven fibres lying beneath the
endocardium of the septal surface of the left ventricle. The
pars has by this time disappeared from the sections, and the
inter-ventricular septum comes into immediate contact with
the root of the aorta. In those sections which show the
right branch after it has passed beneath the fibrous attach-
ment of the septal cusp of the tricuspid, the branch is seen
o teke an almost perpendicular ooﬁrse; it is still isolated

from the ventricular muscle; cut in its longitudinal axis

an/
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an opportunity is afforded of observing the character of its
fibres; +they are large and pale with peripheral fibrils, ana
a large amount of homogeﬁpus central protoplasm with large
irregular rounded nuclei. Free communication between neighbour-
ing fibres cannot be made out; striation is present in isolated
parts. Perhaps the most striking feature of the right branch
is its great diminution in size in spite of the fact that it
has parted with égg; of its fibres to the surrounding septal
musculature.

The foregoing description gives a general indication
of the course and relations of the node and main stem from
their origin in the inter-auricular septum till they émerge
in right and left branches beneath the right and left surfaces
of the inter-ventricular muscular septum. The histological
appearances are those more or less characteristic for the heart
of an infant, and must not be taken as applicable to older
hearts. An outstanding feature of the histology of the
suriculo-ventricular system is the great variation it exhibits,
first of all in hearts of different species,and secondly in
hearts at different ages in the same species. This point will
be discussed more fully at a later stage.

In the meantime, reference must be made to the variations
which may be noted in the course and relations of the main
stem and of its two branches. The position of the node itgelf
may be said to be almost invariable. Very occasionally there

is a variation in the proximity of its tissues to the fibrous

. attachment/



attachment of the mitral valve; in its more anterior
portion the node is invariably in the closest relationship
with the fibrous attachment of the septal cusp of the
tricuspid. The main stem may vary considerably in its
course through the annulus fibrosus and pars membranacea
septi. It may on leaving the auricle and entering the
annulug fibrosus preserve its course nearer the right side
of the heart so that when it has descended to the lower
aspect of the pars it takes a sharp turn towards the left
ventricle to divide into its right and left branches. In
the secondhplaﬁéiit may on entering the annulus fibrosus,
take a course downwards and towards the left ventricle

so that in the pars it comes to occupy a central position;
in such cases when it divides at the lower end of the pars
it is lying on the roof of the inter-ventricular nmuscular
septum, and the microscopic sections give the picture
which represents the main stem and its divisions asg

'riding on the ventricular septum'. In the third place,
in its descent from auriole to ventricular septum it may
deviate more than usual in the direction of the left
ventricle, and in such cases the point of division is situated
more on that aspect of the ventricular septum towards the
left ventricle. It is important to note that when the main
stem has followed the third course, the right branch does
not as a rule become subendocardial immediately after its

division, /
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division, but sinks.into an inter-muscular septum in the
roof of the septum, to wend its way through the muscle

of the septum and reach the endocardium of the right
ventricle at a varying distance from the septal roof.

The possible deception to which the latfer course. of the
right branch may give rise can be realized only by those
who have examined a number of hearts through the main stem
and the commencement of its branches. The right branch
shortly after its commencement undergoes a marked diminut-
ion in size and it not infrequently happens that when it
dips down into the septum it is readily lost sight of. |
More especially is this the case when the sections are

cut on a horizontal plane; and this is one of the reasons
why I emphasise the advisability of examining the human

JromTat
heart from a series cut in a £xantie plane.
With regard to the variation in the minute structure

of the node and main bundle at different ages, it may be
-8aid that while in early life the structure preéer&es to
some extent its embryonio character, in later years it
more closely approaches the appéarance of ordinary cardiac
nuscle. In young and in adult hearts the auricular
fibres are directly continuous with the tissue of the
node; +the continuity of structure is not secured through
special 'transitional fibres'; on this péint my observationz
confirm thoge of M%nokeberg in every respect. With advancing

years the node loses its compact syncytial appearance; it

assumes /
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assumes more the character of a complicated network

of fine *ibres in whose interstices there is a con-
siderable amount of fibrous and elastic tissue. The
tissue itself more closely approaches the character of
the ordinary asuricular muscle, taking on the Van Gieson
gtain in an approximately similar fashion and exhibiting
on closer examinsation the presence of transverse striation
in many of itg fibres. Perhaps the outstanding feature
of disﬁinotion between the node and auricular muscle in
older héarts is the pinkish colour of the former due to
the presence of connective tissue; of course even in
young hearts there is a considerable amount of connective
tissue in the node, and fibrous tissue and elastic tissue
may be demonstrated in its structure when they are not
yvet present in an sppreciable amount in the ordinary
cardiac nuscle. The main stem changes also in its
histological characters with advancing years. There is
in most cases an increase in the number and size of the

. Septa which divide it longitudinally. fhe structure
1tself appears as if it had become stretohéd, having lost
to a great extent, its closely reticulated arrangement
and now suggesting the appearance of strandsg of fibres
coursing in the long axis of the stem. Nuclei appear to

be relatively fewer than in young hearts, and the presence

of /



3T e - E -~ N
e R . (e
- - | &
Ly 1= P ¢ 1 :
IR 4 S IO

/»Mzm‘, ¢ bt o e Do By ronbBeti -

" -
20N | i H ‘.
iENe v R v
’ t :
T B ST e - ¢
S - -



- 87 -

of fibrils and transverse striation is well marked.
There are numerous blood vessels, also lymphatic spaces
in and around the bundle.

. The next variations requiring attention are those
pertaining to the course and distribution of the main
branches on the inner surface of the ventricles. Referenée
© has already been made (p. 5% ) to the great dissimilarity
which is presented by thev trabecular and papillary arrange-
ments in a series of human hearts, and as has been
suggested in the macroscopic description,  these wvaried
arrangements determine. in a degree the differences in the
course and distribution of the auriculo-ventricular system
with which they are supplied. I have never attempted to
Tollow in serial sections this distribution in the human
heart; +to a certain extent it is described by Tawara in
his original publiqation, but the most complete descrip-
tion which hes appeared is that which is given by
M'C'Jnokeberg in his exhaustive treatise on the subject.

Fahr has also followed and reproduced in a model the course
and distribution of the gystem in a young human heart.

' The Right Branch:- Monckeberg in his desoription
regards the course of the right branch as being divisible
into three pé,rts, (1) an upper subendocardial part, (2)

81 intermediate intermuscular portion, and (3) a lower

Subendocardi al/
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subendocardial portion; this subdivision applies only
to that part of the right branch which extends from its
origin on the roof of the septum to the base of the
anterior papillary muscle where it begins to ramify.
Bearing in mind the fact that the point on the roof of
the muscular septum at which the main bundle divides
depends upon the deviation in its course through the
annulus fibrosus and the parsmembranacea septi, it will
be seen that in those caseg where there is considerable
deviation towards the left ventricle and where the right
branch dips immediately into a fibrous septum in the
roof of the muscular septum, the first part of the
course described by Monckeberg will be wanting. In such
cages the right branch will be found to consist of only
two portions, an intermuscular portion reaching to the
point where it emerges on the septum of the right ventricle
and a subendocardial portion extending down the septum
end along the moderator band to the base of the anterior
papilliary muscle. When , however, the main bundle
descends more directly, preserving a relative proximity
to the right auricular surface, or descends in the middle
of the pars, its division tekes place more on the summit
lrpenBiiadar ol
of the existesupraventricularis and the right branch

occupies in the commencement of its course s subendocardial

position. The distance thrikugh which this subendocardial

"position/
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position is preserved is very variable, scareely ever,
according to Mdnckeberg, exceeding 4 é:g. During this
first subendocardial portion of its course the branch
diminishes greatly in diameter. It is surrounded by loose
connective tissue and wide lymph spaces, and its substance
is interspersed with a large number of small blood vessels
and capillaries. In older hearts the sur ounding
connective tissue may contain a considerable amount of
fat. The fibres of the branch in this part appear to
run parallel, they are rather smaller than the fibres of
the main bundle, do not contain many nuclei, take on the
Van Gieson stain well and show a considerable amount of
transverse striation; they bear a strong resemblance to
the ordinary ventricular fibres.

The second or intramuscular portion of the right
branch lies behind the small papillary muscles on the

deptal wall to which the chordae tendineae of the septal

cusp are attached. It lies at a varying but usually

very little depth beneath the endocardium. The length of
thes portion in one of Manokeberg's cases was 13 m.m. The
course of the branch is almost vertical and in transverse
sectlon is seen to become reduced in diameter as it is
followed downwards. The fibres are still small though
slightly thicker than in the first part; the reduction

in the diemeter is due to an accumulation of the fibrils
of /
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of several fibres into a single fibre; the branch is
enclosed in a connective tissue capsule and does not
part with any of its fibres to the neighbouring ventricular
muscle.

The point of emergence of the third portion to a
subendocardial position varies in different hearts. It
is very often distinguishable on naked eye examination
immediately below the base of insertion of the septal
papillary muscles although in many cases it cannot be
detecteéd until the region of the moderator band is approach-
ed. In the moderator band itself the branch may again
become intramuscular to emerge beneath the endocardium
on the anterior napillary muscle. While, as has been noted
already, the branch undergoes a very great reduction in
calibre during its intra-muscular oburse in the septum,
itsr diameter is increased again in the third portion.
This increase in diameter is to be referred not only to
an increase in the size of the individual fibres, but also
to an increase in their number. According to Manokeberg,
in this part a transition between the fibres of the branch
and the so-called Purkinje fibres takes place. This con-
clugion is based on the finding that immediately after
leaving its intramuscular pbsition the fibres are seen
to contain glycogen, whereas previously they contained
none. I have already suggested the inaidvisability of

applying the term 'Purkinje fibres' to these structures

in/
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in the human heart, (p.33 ), and shall revert to the

subject when discussing the appearance of the terminal
remifications of the left branch (p.7%). The dis-
tribution of the right branch after it leaves the moderator
band and reaches the anterior papillary muscle 1s by no
means constant, although Mgnokeberg found that the commence-
ment of the.ramification in his cases consisted in a sub-
division of the branch into three main strands. One

strand coursed forwards towards the trabeculae at the

apex and the anterior parietal wall of the ventricle,

a gecond took a circuitous path round the base of the
papillary muscle to be distributed behind, and the third
encircled also the papillary muscle to become distributed

on the trabeoulaf and parietal wall on the outer side of

the cavity. A further description is rendered impossible
on account of the extremely complex and varied conformation
of the muscular substance on the trabecular surface of the
cavity. No gtrands of ramification could be detected on
the septal surface. A point of importante to be noﬁed is
that, while many of the pale strands and cords which bridge
over the inter-trabecular spaces, represent the terminal
arborisations of the auriculo-~ventricular system, many of
these structuresvconsist of ordinary muscle fibres and
others are composed of connective tissue only. Consider-
able difficulty is presented in the attempt ‘to trace the

continuity/
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continuity of the special fibres with the ventricular
nusculature because of the close similarity of the two
structures in most hearts.

The Left Branch:- The site of emergence of the left

branch from the main stem beneath the pars membranacea
septi has been described above. Its course in a diverging
f an-shaped form baneatﬁ the endocardium on the septal

wall towards the papillary muscles and apical trabeculae
has also been referred to in the macroscopic description
of the heart. Whereas the fibres of the right braach

are enclosed in a single sheath for avoonsiderable part

of its course, namely, from its origin till it reaches the
anterior papillary muscle, the fibres of the left branch
remain together only for a very short distance; " in fact
in those cases in which the main stem deviates to the left
through the pars on its péth from the annulus fibrosus

and the division takes place on the left gside of the pars
there may be no well defined single branch at all on the
left side. In such cases the fibres often emerge grad-
ually from the main stem at fhe point of division in the
form of a sheet or thin 1ayer.’ When the division of the
main stem takes place on the right side of the pars og'in

JW
the centre there is usually a sgedd left branch; in the

former/
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former case it is rather longer than in the latter.

The main feature of the left branch then is that immediately
or very shortly after 1t leaves the main stem its con-
stituent fibres spread out in a fan-shaped form and con-
tinue to lie enclosed in connective tissue beneath the
gseptal endocardium. There is during this part of their
course no association with the ventricular musculature,

or if there is it must only be very exceptional. It was
seen that in the case of the right branch the fibres under-
went a sudden change in size and appearance immediately
they emerged from the muscular sepbum to take up a sub-
endocardial position. Oh the left side the fibres on the
whole possess a greater and more constant similarity to

the ordinany cardiac fibres than do those on the right;

but wg;;;'the fibres on the left also show variations in
their size and structure such variations occur at irregular
intervals and apparently in different parts of the same
fibre. Throughout the whole extent of the fan-shaped
prolongation large fibres rich in protoplasm and poor in
fibrils with rounded or oval vEscular nuclei may be seen
side by side or in continuity with fibres which from their
microscopic characters can scarcely be distinguished from
ordinary cardiac muscle fibre. Such appearances are not
bresent in every heart, and the determining factor in

their occurrence which is certainly not age, is not under—

stood./



stood. These are the fibres which have been referred to

by Monckeberg and others as Purkinje fibres. The real
Purkinje fibres are presebt normally and invariably in the
ungulate heart; to these Struétures in the human heart
they admittedly bear a resemblance but fnom them they

are easily distinguishable. If in the ungulate heart

they are occasionally found in the subendocardial layer of
the ventricle, apparently dissociated from the ramifications
of the auriculo-ventricular system still there is every
reason to believe that developmentally they are always in
relation to that system (pJ34). In the human heart on the
other hand they are only occasionally and without any

known reason found in connection with the auriculo-ventriscular
system and what is more important, fibres bearing a
.resemblance to the Purkinje fibres and indistinguishable
from the so-called Purkinje fibres in the human ventricles
are seen in pathological conditions of the human auricles.
In degenerative fibrosis of the human auricles fibres are
met with which are larger than normal, contain a larger
amount of protoplasm, show little striation, and possess
rounded or oval vesicular nuclei. It is because there

has been a tendency to attach an undue importance and
slgnificance to the presence of such fibres in the auricles,
that 1t would be well to reserve the special term for the
characteristic type which occurs in the ungulate heart.

This suggestion contains in no sense a reflection on the

accuracy/
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asccuracy of Mdnckeberg's description or on the validity
of higs conclusions; they are the most thorough that have
so Far appeared on the subject.

I have been able to confirm Monckeberg's observations
on the more minute structure of these large fibres in the
human auriculo-ventricular ramifications. Small thin :
blocks were cut in a plane parallel to the endocardial surface
of the left ventricle; these were prepared so as to include
a few ordinary ventricular fibres for comparison; the
thin block was placed in a slit made in a thin block of liver
tissue and the whole mass was impregnated with silver. The
advantage of & thin outer coating of liver tissue is that the
coarse impregnation is taken up by the liver substance and
a more delicate and regular impregnation.occurs in the under-
lying muscular structure which is the object of examination.
The microscopic sections were cut in a plane parallel to the
general course of the fibres and at right angles to the
endoCardial sunface so as to include both ordinary and special
muscle. The most outstanding feature on superficial examin-
ation was the differenoe in the eXtent to which the two types
of muscle fibre had become impregnated. The ordinary
muscle was dark and the fibrilsband transverse striation
stood out very clearly; the bundle fibres were large and

pele, the striation more faint and less frequent and the

fibrils less abundant@% )Specially prominent in the bundle
fibres/ '
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fibres in some places were deeply impregnated cement

lines occurring at more or less regular intervals and
usually transverse tg or slightly bent across the fibre;
they did not present the stair-step picture of the

cement lines seen in ordinary cardiac muscle. In some
parts those cement lines appeared to give rise to a glight
congtriction of the fibre and to divide it into protoplasmic
compartments although there was no interruption of the
fibrils in their course. The peculiar appearance deter—
mined by these constrictions suggests a similarity to the
nodeg of Ranvieﬁ in medullated nerve fibres. This has

a varticular interest in view of similarity between nerve
gtructure and nodal structure (specialised muscle of the

' heart) suggested by Keith and myself in a description of

the heart of Echidna (monotreme). The oonstricﬁions

cannot be regarded as dividing the fibres into cellular
element®; +two or three nuclei may occur in one proto-
plasmic compartment and two or three compartments may be
seen in series without a nucleus. While these structural
variations may be found in hearts of any age, they are
most marked in those from older subjeofs. The nuclei

in these fibres vary congiderably in size and shape; they
lie in +the protoplaém which 18 comparatively large in
amount and they are relatively fewer in number than the

nuclei in the main stem. Occasionally they appear to lie

in/
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in'vacuolam gpaces in the protoplasm.

In some cases there is a large number of vacuolar
gspaces without nuclei, and a considerable portion of a
fibre may appear to be quite devoid of contenﬁs of any
degcription. It ig not improbable that in such cases
the contents have become dissolved out in the process
for microscopic examination. In other cases the fibres
contain homogenous or granular matter whose chemical
properties and significance require further notice. The
large transparent appearance of the Purkinje fibres
suggested to Aschoff the posgibility that they might
contain glycogen and at hig instigation the ungulate
heart was examined by Nagayo with the result that this
substance was demonstrated in the bundle and its ventricular
extensions. Nagayo found the glycogen distributed in the
Purkinje fibres in two forms; in a diffuse finely granular
form between the fibrils, and in large coarse granules in
the protoplasm round the nuclei. Of some interest and
pProbably possessing a significance to be discussed later
(p.192) is the fact that whereas the main stem and its
ventricular extensions contain glycogen the node containsg
little or nonc. Nagayo's examination of thHe human heart
showed that in thirty cases three contained a considerable
amount of glycogen in the ventricular ramifications, nine
contained a small amount and in the remainder there was

practically/
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practically none. Manckeberg carried out an independent
and almost simultancous investigation of the subject in
the human heart. He realised that the demonstration of
glycogen depended on the freshness of the material, the
method of its fixation, and the process of embedding.
But allowing for these sources of variation the presence
5% absence of glycogen was associlated with other pre-
disposing causes, and he came to the general conclusion
that this substance was present as a rule in the hearts
of gtrong and well nourished subjects, whereas it was
usually absgent in the hearts of those who were weak,
poorly nourished and cachectic. In those hearts in
which glycogen is present there is no regularity or con-
sistency in its distribution in the fibres of the ramific-
ations. In the same strand some fibres may be free
from glyoogen while others contain it in abundance; in
other cases glycogen may be present in only limited parts
of the same fibre. The inconstant character of its
occurrence in any heart has proved disappointing to those
who had hoped by its means to be able to follow to their
termination the branches of distribution of the bundle.
The pfoblem of following out the terminals of the
system on the left side has not been any more successfully
Solved than on the right side. This difficulty is of

course referable to the fact that the end portions of the

system/
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gystem are scarecely distinguishable from the ordinary
cardiac muscle fibres. It was noted in the macroscopic
description of the fan-shaped portion of the left branch
on the septal wall that in suitable cases a crossing of
the strands could be observed. Microscopic examination
shows that although the individual strands cross each
other there is comparatively little communication between
the individual fibres of the same strand. While it is
.tég: on the whole that the fibres preserve an independent
course there are here and there short communicating
fibres, and in some places these communications may be of
a complicated character suggesting small "nodal centres"
where there is an intricate communication and exchange of
fibrils f;om geveral fibres. What the actual signific-
ance of these "nodal centres" may be it is difficult to
say. Speaking generally the fibres of the branch increase
in number in their descent on the gseptum; with the
increase in the number of the fibres there is most probably
an incresse in the total number of fibrils; whether the
nodal centres are associated with a division and re-
distribution in some places and a combination and
centralisation in others is a matter worthy of further
investigation. Following the fibres from the septal
wall on to the trabecular and papillary muscles the

observer encounters two great difficulties, when the

criterion/
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criterion as to the identity of the fibres is the

amount of protoplasm and the number of the fibrils;
because on the one hand the terminals of the system may
be'indistinguishable fron ordinary muscle fibres and on
the other hand large fibres may occur in the heart, (g;ghao)
in the auricle), which have nothing to do with the
auriculo-ventricular system. It is the case that Tawara,
Monckeberg, Keith and Flack and Fahr, regard the so-
called Purkinje fibres in the human heart as being in-
variably associated with the system and as being, when
present, a reliable guide to its distribution, but while
I am not prepared to digspute the authority of these
observers, I am inclined With Arnold to accept with
reserve the finality of & solution based on such &
criterion.

Although there is no satisfactory méans of following
in microscopic preparations the strands of the bundle
till they become continuous with the'ordiﬁary muscle,
thus providing a feature of its generai distribution,
Still it is possible to demonstrate a continuity of
structure in the case of individual fibres. This can
readily be done by eXamining a small cord which may on
macroscopic examination be found to cross from the lower
aspect of the septum to the base of one of the papillary

muscles., If the cord and a piece of the papillary muscle
be/
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be cut in serial sections and if the fibres of the cord
be large and easily distinguished, then it will be found
that they spread in the subendocardial layer of the
papillary muscle and that some of them dip into the
ordinary muscle to become continuous with its fibres.
The continuity of structure may also be demonstrated in
the muscular trabeculae in suitable osases.

It may be taken then on the combined macroscopic
and microscopic evidence that the aurioulo—ventrioular
system in the human heart bears a general resemblance
in its morphology and relationships in its structure
and distribution to that which is go eagily examined in
the sheep. In the human heart the examination 1is
rendered much more difficult on account of the similarity
between the special and the ordinary muscle fibres.
The outstanding facts are that the system is distributed
by a right and leftlbranoh to the right and left ventricles
respectively; that the distribution takes place to the
Papillgry muscles and the trabeculae in the ventricular
apices, and that it is almost exclusively confined to the
lower portions of the ventricles,and lastly that although
the main branches course on the septal walls that few or
none of their fibres are distributed to the upper
portions of these walls.

THE NERVE SUPPLY OF THE AURICULO-VENTRICULAR SYSTEM.

Reference has already been made to the fact that
the/
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the presence of nerves in the node, main stem and primary

branches of the system in the sheep's hearts can be
demonstrated by the ordinary histological methods.

When special technique for the demonstration of nerve
elements is employed the relation of nerve to muscle

is seen to be very intimatelﬂq%Wilson employed the vital
methylene blue method in the hearts of the calf, sheep
and pig, and found a very rich supply of fine nerve
elements and ganglion cells in the closest relationship
with the muscular elements of the node, thé bundle

and the commencement of its subdivisions. The ganglion
cells may occur in groups of considerable size, and the
nerve fibres thread their way through the tissue in
small bundles é§¢in the form of a plexus. The majority
of the fibres possess varicosities and appear to be non-
medullated, although medullated fibres may also be seen.
The plexuses which surround the muscle fibres are composed
of very fine varicose fibrils which are easily distin-
guished from clastic fibres. Although in his first
publication, Wilson was unable to describe the nerve
elements in the human heart, he suggested that in all
probability appropriate methods would establish their
exlstence in that organ as well. It was left to Aschoff
to be the first to show that also in the system in the

humen heart nerve structures could be demonstrated. By
the/



- 83 —

e llaT
the methylene blue method he foun@xnon~medullated fibres
in the main stem and in the left branch. MoOnckeberg
shortly afterwards demonstrated nerve elements in the
bﬁndle of a fbetal heart.

THE AURICULO-VENTRICULAR SYSTEM AS A SPECIAL ORGAN.

The foregoing descriptions of the sheep's heart and
the human heart should suffice in themselves to make it
obvious that in the auriculo-ventricular system we have a
highly specialised organ performing a highly specialised
function in the economy of the heart. The extremely
complicated arrangement of its peculiar fibres, its rich
blood supply, and its special nerve supply, are features
which distinguish it from the general cardiac muscle.
Encloged in a firm fibrous sheath and surrounded with
lymph spaces it has no communication with the heart muscle
between the inter-auricular septum on +he one side and
the papillary muscles and trabeculae at the apices of the
ventricles on the other. To say that it constitutes the
muscular connection between auricles and ventricles is to
state a fact; but to leave the matter there with the
Suggestion that its functions are those or even a modific-
ation of those of ordinary cardiac muscle, is +o render
inevitable a total misconception of the special functions
of this important organ. Its physiology will be dealt

with after we have considered the morphology and structure
of/
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of the sino-auricular system (the node of Keith and
Flack), and its relation to the auriculo-ventricular
gystem in the vertebrate heart generally. This will

be done in the next chapter.
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CHAPTER TITI.

THE STJO-AURICULAR NODE: ITS STRUCTURE AND ITS

RELATIONS TO THE AURICULO-VENTRICULAR SYSTEM IN THE

VERTEBRATE HEART.

The discovery of a nmuscular connection between
auricles and ventricles satisfied the cdemands of-those
whose conception of co-ordinated cardiac action pre-
supposed the existence of such a muscular continuity.

With the discovery, however, there appearec also the
possibility of the solution of & problem which had long
excited the interest of physiologists, namelj, the site or
origin of the coutraction or stimulus to contraction in

the heart. Tawara ,recognising the peculiar character of
the structure with which he had to ceal, suggested that the
- auriculsventricular node was the “predominent cardio-
motorlcentre". From the node he imagined that the con-
traction wave spread first through the auricular fibres
giving rise to the auricular contraction, and that the
impulse from the same centre travelléd through the main stem

J -, : : . . )
anc i1ts branches to give rise to the subsequent ventricular

contraction. Aschoff was alsgo disposed to regard the
auriculo-ventricular node as the "centre of dﬁtomatio cardiac
movement" , On & priori grounds it had always sSeemed more
likely that the cardiac coatraction should begin in the

neighbourhood/
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neighbourhood of the superior vena cava anc Wenckebach hacd
described a muscle bundle at the junction of the superior
cava and auricle which he regarded.as congtituting the
exclusive muscular connection between sinus venosus and
suricle in the same. way as the auriculo-ventricular system
preserves the muscular continuity between auricles and
ventricles; he regarded this muscle also as the site of
origin of the auricular contraction. Koch, however,

after a careful examination of serial sections failed to
find any structure resembling that of the auriculo-
ventricular system in the region of the bundle described

by Wenckebach. He found that the superior cava was to

some extent separated from the auricle, though not by a
sharp line of fibrous structure, such as that which separ-
ates auricles from ventricles, and he left the question open
as to whether or not the ganglion cells in the sino-
auricular sﬁlcus might not in some way be associated with
the impulse to contraction. Wenckebach's hundle in any

case consisted as far as could be made out ,of ordinary
cardiac muscle fibres. Koch prosecuted his enquiry by an
examination of the areai of pulsation in the dying heart.

It is well known that in the ¢ying heart the ventricular
chambers are the first to cease beating. Koch found that
while the auricles continued to show evidence of pulsation

after the ventricles had ceased, that that part of the

auricles which continued longest to pulgsate and which there-

fore/
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fore, possessed “"the strongest power of rhythmic con-
traction” was situated in the inter-auricular septum at the
mouth of the coronary sinus and corresponded with the
position in which the node of the aurioulo—ventficular
system ig to be found. He came to the conclusion that
"the stimulus to automatic cardiac action originates in

the nodé of Tawara, which lies in the wall of the coronary
sinus."

It was at this stage in the investigation of the
subject that Keith and Flack made the important discovery
in the heart of the mole, where they found at the sino-
suricular junction of the superior vena cava a structure
which in its essential details, resembled the node of the
aurliculo-ventricular system. These authors had directed
their ettention to the remnants of embryonic structure at
the entrance of the great veins recognising that in the
lower vertebrate hearts the experimental physiologists,
(Gaskell, Macwilliam, Engelmann, Hering and others) had
proved that the first hypersensitive part of the cardiac
Wibe lay at the junction of the sinus venosus with the
duricle.  The remaing of the venous valves are the only
guide to0 the juncbion of sinus and auricles in the mammalian
heart, and g part of the right venous valve ig to be found
not infl‘equently beneath the endocardium on the upper aspect

0 . . . . .
T the tenia terminalis Jjust opposite that portion of the
salcus/
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salcus terminalis, which lies bétween the superior vena

cave and the right auricular appendix. Round sbout a small
artery which constantly encircles the superior cava in

this region Keith and Flack founcd in the human heart the
structure for which they were searching. "The artery",
they nbte,‘as surrounced by fibrous tissue in which are
numerous peculiar muscle fibres some nerve cells, and nerve
fibres. The nerve cells and fibres, we find from dissect-
ion, to connect with the vagal and sympathetic nerve trunks
which form so rich a plexus and exert as powerful an effect
at this junction. The mugculature of the superior cava
becomes continuous with that of the auricle and of the
auricular canal, Loth on the outer and inner side of the
artery. Onr search for a well differentiated system of
Tibres within the sinus which might serve as a basin for the
inoeption of the cardiac rhythm has }ed ug to attach import-
ance to this peculiar musculature surrounding the artery

at the sino-auricular junction. In the human heart the
Tibres are striated fusiform, with well marked elongated
nuclei, plexiform in arrangement and embedded in dense-

packed connective tissue - in fact, of clogely similar
8tructure to the Knoten (Tawara's node). The amount of
this musculature varies, depending upon how much of the
Sinus hes remained of the primitive type; but in the

neighbourhood/
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neighbourhood of the tinea terminalis there is always

some of this primitive tissue found. Macroscopically, the
Tibres resemble those of the auri%plo—ventricular bundle in
being paler than the surrounding muscle. (This pallor may be
due to the excessive amount of connective tissue ; Mackenzie).
They can be dissected out on the superior vena cava in the
region corresponding to the right venous valve. Another
remarkable point in connection with these fibres is the
gpecial arterial supply with which they are provided. These
arterial branches embrace the sino-auricular Junction. It
will be seen that they come from both right and left coronary
arteries, an? from what may be termed "the sino-auricular
arterial circle”. For some time there seemed to be
some confusion on'the part of subseguent observers as to the
site and structure of the node. This is accounted for by
the earlier description given by Wenckebach of a muscular
connection and the attempts made to confirm his conclusions.
Further difficulty arose from the use of the term, "Purkinje
Tibres", Keith and Flack never used the term in their
descriptions, and Koch quite rightly emphasises the fact

that therejure no such fibres associated with the sino-
auricular node in the human heart. The observations of
Keith and Flack have, however, been fully confirmed by Koch,
MBnckeberg, ana others. As in the case df the auriculo-
ventricular system the ungulate heart affords fhe most

Sultd«bl te/
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suitable material for those who desire to gain an idea
of the position of the node and its finer structure.

For this reason, I have chosen the pig's heart for a de;
tailed description of the technique of examination and
the findings.

THE SINO-AURICULAR NODE IN THE PIG'S HEART.

Macroscopic examination: - If the right auricle is

examined on the en&ooardial surface of its posterior wall
the remains of ﬁhe right venous valve mey be seen extend-
ing from the region of the coronary sinus round the right
margin of the inferior vena cava and upwards towards the
tenia terminalis as it passes below and in front of the
entrance of the superior vena cava. In some cases the
valve may be followed on to the endocardial surface of

the lower aspect of the posterior wall of the superior
cava. If now the heart be held up to the light to
examine the line of junction of the superior cava with

the auricle, a narrow crescentic translucent area will be.
noticed in the lower part of the superior cava posteriorly.
This translucent aream is immediately above the salcus
terminalis and represents the oavalbextension of the sino-
auricular node. If the epicardium and sub 'oardial

Tat ve carefully removed from the outer surface of this
area the transiucent tigsue may be found to be continuous
Wit h a fine strip of pale yellow tisgsue distinguishable
from the reddish brown auricular muscle and composed of

fibres/
e
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fibres apparently running in a direction pémallel to the
s%lous terminalis(ﬁw3)This gtrand of tissue extends from
the angle of Jjunction of the right auricular appendix with
the superior cava about 3 c.m. along the region of the
sglecus terminalis. A search in its structure will usually
revéal the presence of at least one moderately large
artery. In exceptional cases the pale strand may appear
on the roof of the tinea terminalis beneath the endocardium,
but as & rule it is confined to the sub-epicardial layer.
The ease with which the structure is demonstrated macros-
copically varies in different hearts, but the translucent
tigsue which has been described is invariably present in
the pig and may be taken as a safe guide.

Microscopic examination:- The block for microscopic

examination is prepared by two incisions parallel to the
sulcus terminalis and at rigﬂ:izo the lumen of the
Superior cava. One incision is made 0.5 c.m. below the
sulcus and the other 1 c.m. above the sulcus. The upper
incision will be through the wall of the vein only; the
Becond incision will pass longitudinally through the tinesa
terminalis, and will be carried outwards so as to include
a small portion of the right auricular appendix. Towards
the ingide the block isg reﬁo?ed by freeing it from the
Muscular connections of the base of the superior cava with

the posterior part of the Iinter-auricular septum, and the

infundibulum/
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infundibulum of the left auricle. The sections are cut
in a plane at right angles to the lumen of the vein, anc
it is advisable to begin with the tissue on the lower gide
of the block. In this way orientation is rendered easy
 because the first sections will not include the whole
circumference of the opening of the vein, but will be free
from tissue on the inner margin while the outer margin

of the block mgy be easily recognised by the presence of
the muscle of the auricular appendix. By the early
recognition of the relative position of these structures it
will be easy to recognise the position of any structures
which appear in the later sections when only the circular
lumen of the vein will be in evidence. Van Gieson's
solution should be used for staihing. Tracing the series
which commences from below, the most prominent structure
to be first encountered is the tinea terminalis with its
fibres cut longitudinall:,. On.the.outer side of the
sectiong lies the oomplexééy arranged muscular strands of
the auricular appendix. A section is soon met with in
which beneath the epicardium a small narrow longitudinal
strand of tissue stands out in sharp contrast with the
Tibres of the tinea. This strand is situated on the
posteripr aspect of the block about 0.5 c.m. from the
tissue of the appendix. Its most striking feature is its
vallor which distinguishes it from Fhe darkly brown stained

muscle,/



muscle. It presents also a slightly pinkish colour ané
at £irst sight under the low power may be very suggestive
of nerve tissue. It gives the impression c¢f having
contained some substance in its meshes which had béoome
dissolved out in the process of fixation or embedding.
Compared with the strands of ordinary muscle against which
it lies it exhibits a complicated network appearance al-
though on closer examination it is found to be composed of
fibres which have been cut longitudinally. In some
instances individual Tibres may be seen, which show no
evidence of fibrils and no suggestion of transverse
striation; such fibres appear to be divided into a very
large number of small compartments by delicate membranes
coursing irregularly end diagonally across their substance;
these dividing membranes appear to be stained faintly pink
end to be continuous with the limiting membrane round the
fidre. Nuclei are very plentiful and are small and
irregular in shape, though for the most part somewhat round(ﬁﬁwz
There may be every stage of transition in the dharaoter of
the fibrils from thet which has Just been described to
those which are in direct continuity with the ordinary
huscle fibres and indistinguishable from themﬁﬁﬁJThis
continuity of gtructure between the node and the adjacent
musculature may be observed at each end of the spindle and

in/
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in some cases a gradual transition takes place between

the tigsue of the node and the adjacent muscle fibres of

the tinea terminalis on its inner aspect. In other cases,
however, the nodal structure is sharply demarcated from
the fibres which lie tgfinner gicde by large lymph spaceg
(Fig. l4 ). Following the series it is noted that the
length of the spindle increages until it measures about &
Cym. and extends as far as the outer edge of the posterior
wall of the oayal entrance, where the auricular appendix
comes into close proximity with the outer wall of the vein.
The seo@ions now traverse the translucent area in the lower
part of the posterior wall of the wvein. In some cases,
small islets of muscle may be seen beneath the endocardium
in this area; these probably represent the vestiges of

the venous valves. There may be a moderately dized artery
in the bundle and it is interesting to note that the nodal
tissue in some places is arranged so as to form part of the
outer arterial wall; in the same way the smaller vessels
are closely surrounded and supported by nodal tissue.

As the sections advance into the translucent portion of the
wall the whole breath of the later from epicardium to endo-
cardium is seen to be composed of nodal tissue. The
tissue ig very dense consisting of a closgsely packed mesh;
work of fibres whose individual character it isvdifficult‘

to/
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to determine except at those parts on its outer aspect

where it is in continuity with the ordinary muscle of

the vein. It contains a large number of nuoléi in com-
parison with the caval or cardiac muscle fibres. With the
Van Gieson solution it is stained pale with a distinctly
pinkish hue and stands out in sharp contrast against the
dark brown colour of the striated fibreg; it contains no
trangverse striations except in the intermediate fibres
preserving the continuity with the caval musole.(pq‘fyq.

As the sections are followed in the series those
containing the translucent tigssue become gradually exhausted
and there now beging to appear towards the outer and anterior
aspect of the caval wall (and 1 - 15 m.m. above and in
front of the point of junction of the upper angle of the
euricular appendix with gfwall of the vein), a collection of
narrow interlacing fibres which are stained a faint brown
and which contain a relatively large number of nuclei though
not 80 many as the tissue which has just been described.

If these fibres be traced still further in the wall of the
vein they will be found to uddergo a process of condensation
and to give the appearance ag 1T they had penetrated into or
Originated from this dense irregular meshwork in the caval
wall (Pig. #87). This meshwork is stained faintly brown,

it containg & large number of nuclei, and although in parts

there is evidence that it is composed of clogely interwoven

fibres/
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fibres in other parts it suggests rather a multi-nucleated
syneytium of cardiac protoplasm. ‘Examined under a high
power it looks as if in it a number of fibres had broken up
allowing a free exchange and communication between their
differeﬁt elements. Throughout the tissue there is a large
number of small vacuolar spaces in some of which nuclel

are 1lying. Although the structure is in communication

with the more ioosely arranged lacework of narrow fibres
already described, and through those in communication with
the translucent structure and the nodal tissue lying in the
sulcus terminalis it seems at one part to be fairly

sharply demarcated from the muscle of the vein. This is at
its upper end where it is dovetailed between an inner and
outer strand of ordinary muscle from which it is separated
by some loose fibrous tissue through which nevertheless a
few fibres maintain a continuity. In this loose fibrous
tissue there is a fairly large artery surrounded by small
bundles of nerves in which are some ganglion cells. The
Toregoing description of the node in the pig's heart is
taken from the examination of a single heart. It applies,
however, with slight modification to the morphology and
Strgcture of the organ in the pig's heart generally, and aiso
more or less to the appearances presented in the hearts of
other ungulates. Attention is specially called to the
upper/
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upper extension of the structure on to the outer and anterior
aspect of the caval wall. This appearance of part of the
node on the anterior agspect of the vein has gzxnﬁeen
described, previously, and its relation to the structure found
in the turtle will be referred to later. (p.uo ).

In some cases the lower part of the node may be more
on the subendocardial than on the subepicardial side of
the tinea terminalis. There may also be congiderable variation
in the microscopic character of the translucent portion; in
some cases it looks more like modified cardiac muscle and
in other cases it resembles nerve structure, although when
nerves are present they can be digtinguished. The important
point is this, that within the limits of the widest variation
there ig no example of this structure in the ungulate heart,
which does not at once suggest that we are dealing with a
highly .specislised structure related in its function to
nerves on the one side and to muscle on the other. Its
peculiar structure, its gpecial nerve supplifﬁz;d blood supply,
1ts situation at the entrance of the heart and its close
similarity to a part of the auriculo-ventricular system
Rark it out as in all probebility playing en important part
in the functional activity of the circulatory apparatus.

It does not come within the purpose of the present
Treview to make more- than a pragsing reference to the sino-
auriculsy ﬁodes in other meammals except in the case of the

human /
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human heart. Mention may, however, be made of the

fact that in the case of the common laboratory animals,
the dog and the cat, the node aithough it is distinguishable
from the surrounding structures coes not,'as a rule,
exhibit the definite characteristics, which would enable
the observer to define its limits and extent go easily as
in the case of the pig. In these animals the fibres of
the node approéoh in their structure more closely those
of the ordinary cardiac muscle, although in well fixed
specimens the characteristic structure and disposition

of the fibres is distinct.

THE SINO-AURICULAR NODE IN THE HUMAN HEART.

Macroscopic Examination:- The macroscopic examination

of the node in the human heart is attended with great
difficulty. It is only exceptionally that it can be made
out as distinect from the ordinary muscle. In some cases,
however, and egpecially where there ig great hypertrophy
of-the right auricle it may be seen in the subepicardial
tissue in the sulcus terminalis between the auricular
appendix and the vena cava. When it contains a large amount
of connective tissue as it not infrequently does, this

Day aid in its dissection. Keith had demonstrated the node
in & case of acromegaly which is in the College of Surgeons
Museum, and which presents ﬁhe interesting feature that the
node isgs hypertrophied in proportion to the hypertrophy of
the/
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the rest of the heart.

Microscopic Examination:- The block for microscopic

examination is prepared in the same way as that already
described for the pig's heart. Considering the relatively
large size of the human right auricle, more especially

gince the hearts which come under routine examination are
usually dilated or hypertrophied in this part, it is
expedient to retain only such a portion of the block as is
necesgary for examination. The limits of the upper and

lower incisions made in the pig's heart are retained.

The block ig completed by two vertical incisions, one about
35 ¢.m. from the appendicular angle through the salcus
terminalisg, and the other out 1 c¢.m. in front of the
appendicular angle. Within the limits of these incisions

it will be seen that the structures which have been described
in the pig's node will be found, if they occupy &s they almost
invariably do & similar morphological position. The sections
are cut parallel to the tinea terminalis and at right angles
0 the lumen of the superior cava. The muscle of the
aurlcular appendix will be found to the outer side of the
Sections. The node lies underneath the epicardium on the
outer aspect of the tinea terminalis. Its presence may usually
be detected more readily by the relatively large amount of
Connective tissue between its fibres; +this is a more striking
characteristic than any peculiarity in the size, shape or

Staining/
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staining of its fibres. A ready clue to its situation

is the presence of a moderately large artery around whose
outer coat the fibrous musculature of the node is closely
packed . It is spindle shaped, and its greatest length

is about 8 c.m., and its breath about 2 m.m. Numerous
nerve bundles may be seen in its vicinity although it is
only in exceptional cases that they are to be found ingide
the structure. The fibres are narrow, often slightly
paler than those of the ordinary muscle, and they are usually
surrounded by fibrous tissue. In the human subject the
character of the muscle approaches more clogely that of the
normal cardiac muscle than in any other mammalian heart
which I have examined.

THE COMPARATIVE ANATOMY AND DEVELOPMENT OF THE SPECIAL

MUSCULATURE OF THE HEART.

Gaskell in summing up his views on the meaning of the
cardiac beat says that "the beat of the heart of cold-
blooded vertebrates depends upon the rhythmical power of
the muscular tissue of the large veing and sinus being
greater than the rhythmical power of the other prarts of the
heart, ond that in all cases the greater or legs rhythmicity
of any part of the heart depends upon the nature of the
muscular fibré of which that part is composged". In
Chapter I. attention was called to the developmental process

whereby/
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whereby the heart was evolved ontogeneticallj and phylfo—
genetically from a simple tube whose contractions were
peristaltic in character to a highly differentiated organ,
whose chambers heat in rhythmic gequence at definite and
regular intervals. It was pointed out that the contract-
ion wave passed along a tissue whose continuity was preserved
unbroken Trom the point of entrance of the great veins to the
point of exit of the large arteries. The apparent simultaneity
of contraction of the auricular muscle fibres or ventricular
muscle was attributed to the rapidity with which the wave of
contraction passed over them. The suricular and ventricular
outgrowths from the primitive cardiac tube are composed of
differentiated muscle fibres with trausverse striations and
containing s large number of longitudinal fibrils relative

to their sarcoplasmic content. Gaskell interpreted the
Sequence of events in the cardiac cycle of the lower verte-
brate heart in the light of gg%-main properties ih relation
to oontractioq” which he éttributed to cardiac muscle in
general, the property of rhythmicity and the property of
conductivity. On the basis of a mutual relation between
these properties he offered an explanation of the sequence

of events in the contraction of the heart; and for the
vVariation in these properties he found an anatomical basis.
"Starting with a tube of equal character throughout, we see

how by modifications of portions of the tissue in the two

Tegiong/:
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regions of the auricle and the ventricle into a more rapidly
contracting, more rapidly conducting, less rhythmical tissue
we obtain an efficient heart, which shall not merely pass

the blood on, but by the forcible and nearly simultaneous
contraction of all parts of its auricular and ventricular
walls respectively, keep up in a mogt efficient manner a high
blood.pressure in the arterial system, while at the same

time owing to the absence of modification of the tissue
betweep the auriecles and ventfioles, i.e. the canalis
suricularis, whereby it 8till retains its original more
rhythmical, but slower conducting power, the useful purpose-
ful pause between the auricular and ventricular contractions
is brought about". According to Gaskell, in the development
of the adult heart from the primitive cardiac tube the
anatomical and physiological characters of the embryonic
orgen ere retained in three situations, in the sinus venosus,
in the cenalis auricularis, and in the bulbus arteriosus.

The anatomical characteristics consist in & maintenance of
the circular arrangement of the muscle and the preservation
of the non-striated condition of its fibres. At the samé
ﬁime the embryonic physiological properties are rétained in
88 much as the muscle possesses the power of rhythmical
contraction in & high degreé-and its power of conduction is
Very low. The sinus venosus contracts first because of its
greater_rhytﬁmicity, and there is an interval between

auricular/



auricular and Ventrioular contraction, because of the
" low power of conductivity of the connecting muscle,

(canalis asuricularis). We shall now enquire whether
the structures in the mammalian heart, which we have
described as sino-auricular node and auriculo-ventricular
system are related to those so-called embryonic remnants,
the sinus venosus and the canalis auricularis, which were
found by Gaskell to possess such significance in his
physiological experiments on the hearts of cold~blood
vertebrates. Although the bulbus arteriosus is related in
structure and in certain of its physiological properties to
tﬁese other “"remnants of the primitive tube", it does not
command the Same interest in the present study, because

S0 far as we know it has no physiological homologue in the
mammalian heart; anatomically it is represented in the
infundibulum of the right ventricle (Keith), but it wéuld
gppear to have ceased to exercise an independant influence
in the circulatory movements.

THE PRIMARY DIVISIONS OF THE VERTEBRATE HEART.

Before describing in detail the special musculature
&t the junctions of the cardiac chambers, it would be well
to define exactly the limits of these chambers in the hearts
of the lower vertebrates, and the indications which these
limits afford in determining the remains of the primary
divisions and junctionsal lines in the mammalian heart.

The/
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The accompeanying diagram (Fig.«l ) is a composite
representation of the lower vertebrate heart, it is constructec
after the diagram used by Keith and Flack in their first
communicsation on the subject.

It is seen that the lower vertebrate heart consists of
five primary divisions:-

1. Sinus Venosus.

2. Canalis Auricularis,

3

Auricle.

4, Ventricle.

5. Bulbus arteriosus.
These five chambers are connected by Jjunctional tissue,
which is muscular. The point is not raised here as to how
Tar the nerve supply to the heart exercises an influence
on this connecting musculature; the fact of fundamental
importance is that muscular continuity is preserved from the
entrance of the great veins to the bulbus. A very brief
reference has been made already to the process of folding
end twisting, which the primitive tube undergoes in the
process of its development into the more complicated organ.
Of equal importance for an understanding of the relations
of the structures in the more complicated organ to their
Tepreséntatives in the more primitive type is a recognition
of the fact that in its evolution the five chambered organ
becomeg telescoped so that the sinus venosus, canalis

auricularisg/
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auricularis, and bulbus arteriosus are absent as such

from the higher organ. In this procesg of invagination
then, the "embryonic remains" or undifferentiated parts

in the lower vertebrate heart to which Gaskell attributed
so much importance, must undergo a profound change, for

it is exactly these portions, which are lost to view.
Consulting the diagram representing the five primary
divisions of the vertebrate heart, (Fig.X2 ), the parts
marked in red are those in which the muscle is of the
embryonic type - non striated, strongly rhythmical and
-posséssing glow conducting power. These are the portions
of the lower vertebrate heart, which are most sensitive

to stimuli of various kinds, and which, when stimulated,
continue for some time to act as a centre from which waves
of contraction are propagated in a rhythmic fashion through
the cardiac muscle.

It would take us far beyond the scope of this investig-
atlon to give a full account of the phyl{ogenetio and onto-
genetic disappearance of the sinus venosus and canalis
auricularis. But in order to appreciate fully the
beculiarity of gtructure, and possible functions of the
Special muscular Systems in the mammalian heart, it is
hecessary to have a clear idea of the histological characters

and norphological position of the special musculature in a

few/
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few representative hearts from the lower vertebratey,
For this purpose the hearts of the bream, the turtle, and
echidna (monotreme) will be described very shortly.

THE HEART OF THE BREAM (FISH):- The five primary chambers

are present in this heart, (Fig. 2.). The sinus venosus
is formed by the junction of the right and left Ducts of
Cuvier from the cephalic end and the hepatic vein from the
caudal end. The sinus venosus is not really a cardiac
chamber; it is merely the main stream into which the
tributary veins flow before the blood enters the heart,

On neked eye examination its walls are found to consist of
& pale tough tissue whereas the auricular wall from which
it is sharply demarcated by a constriction is composed of
more frisble yellow material. It is separated from the
suricle by two large valves which lie, one ventrally and
the other dorsally, their adjacent ends meeting at the
outer aspects of the line of junction between the sinus and
the auricle (Figl7:9.). A section cut through the sinus
wall and auricular wall transversely to the venous valves,
shows at the basal attachment of the valves a thick ring of
tigssue corresponding to the constriction between sinus and

auricle, This ring is spongy in consistence, and somewhat

baler than the asuricular muscle. (Fig. v ). The ring of
tissue is the special sino-auricular muscle of the bream's

heart; it is the representative in this particular heart

of/
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of the nodal tissue whicb has been described in the
region of the sulcus terminalis in the pig and in man.
Microscopic examination of this region of the heart
wag carried out by means of a series of sections cut
from right to left at right angles to the wvalves. The
gections included the proximal part of the sinus wall,
the sino-auricular ring, the venous valves and a small
part of the adjacent auricular wall. This sinus wall is
composed for the most part of elastic tissue and fibrous
tissue. There are a few non-striated muscle fibres, but
no suggestion of any tissue which could be compared to
nodal tissue. There is no muscular connection in the
form of a bundle or of bundles between the sinus wall and
the auricular muscle. Lying between the sinus wall and
the auricular wall is the ring of tissue already referred
to. This ring is oomposed of a very oomﬁlioated meshwork
of fine muscle fibres, which are stained a pale yellow
and which oontain a large numbef of small round nuclei.
It is very vascular, being intersected in all directions
by & close network of fine capillaries. The diameter of the
ring is constant all round. Its fibres communicate freely
with those of the venous valves; the fibres of the venous
vValves are gtained more darkly and exhibit tfansverse
Striation. There are distindt Strands of muscle running

down from the contiguous ends of the venous valves into
the/
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the auricular muscle. These are the only parts at which
there is a direct communication between the reticulated
mugscle of the ring and the ordinary auricular muscle. On
the two outer edges of the sinus wall large nerve trunks
course down beneath the epicardium to the angles of
junction between the sinus and the auricles. At these
angles there are large groups of ganglion cells. Some of
the nerve fibres and ganglion cells lie in the ring. Other
nerve fibres descend beneath the epicardium which they
penetrate to occupy an intramuscular position in the
auricular wall; many of these deviate dorsally till they
come &{ lie in the basal wall in which they may be seen

in very close relationship with muscle fibres. These nerve
trunks are from the right and left sympathetic and vagal
trunks, the right being associated with the right duct of
Cuvier and the left being associated with the left duct

of Cuvier. The mass of ganglion cells on the right side
correspond to Remak's ganglion in the frog and to the
ganglion cells in the sulcus terminalis and "interauricular
Space" in the mammal. The importante of recognising this
relation of the main nerve trunks to these two important
venous chamnels will be referred to later. (p.457).

There is a direct muscular continuity between auricle
and/ |
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and ventricle at the auriéulo—ventrioular jﬁnotion. The
fibres are arranged round the whole orifice and course

down from one chamber to the other in a longitudinal
directioh, parallel to the blood stream. On the

auricular side of the orifice the muscular arrangement
appears more oémplex than lower down beneath the valves
where the fibres lie in parallel strands. There is on the
auricular side a thickened ring of nodal tissue comparable
with that which is situated at the sino-auricular orifice.
The fibres are here arranged more in a circular fashion.
They are thinner and more delicate than the fibres of the
auricle with which they are in direct continuity. The
connecting fibres at the auriculo=ventricular orifice are
distinguished from those of the auricle and ventricle
proper by the pallor of their staining with Van Giesoﬁ,

by the more rounded shape of their nuclei, and by the
relative infrequence of striétion and poverty in fibrils.
The connecting fibres gradually become continuous with the
Spongy network of muscle in the interior of the ventricle.
It is %o be noted that in their course from the more
circularly arranged network on the auricular side of the
orifice the fibres lie for a considerable distance between
the auriculo-ventricular valves and the ventricular muscle
and separated from the latter by a thick layer of connective
tissue. There is no evidence of muscular tissue in the

&uriculo~ventrioulqr valves, although as was pointed out
the /




the venous valves at the sino-auricular orifice are
composed of muscle fibres. The muscular network of the
suriculo-ventricular ring is freely intersected with fine
blood capillaries, and bundles of nerves are present in
the neighbourhood. The sino-auricular and auriculo-
ventricular orifices lie at a considerable distance from
each other in this heart. The gino-auricular valves lie
at right angles to the long axis of the body. The basal
wall runs directly in the form of a flat band from the
base of the ventral valve to the auriculo-ventricular
orifice, and the auricle represents a bulging of the
dorsal wall on the opposite side. (See Fig.ll'%),

. THE TURTLE'S HEART:- The heart of the turtle is more

complicated than that of the bream. Lungs have developed
and the central organ of the circulation has become modi-
Tied to suit the exigencies of the new respiratory
apparatus. The auricle has become divided into a right
and left chamber by a muscular septum, the left auricle
Teceiving the blood from the lungs by a pulmonary vein and
the right auricle receiving the blood from the rest of the
body through the sino-auricular orifice, which is still
guarded by two large valves. In the turtle the large
vVelns entering the sinus come into closer proximity with
the posterior wall of the auricles than in the case of the

bream; that is to say, the existence of the sinus venosus
asg/



ag a separéte chamber has already begun to disappear

and the right superior vena cava (right duct of Cuvier)

and left superior vena cava (left duct of Cuvier in the
fish, and left superior vena cava and coronary vein in

the mammal) enter the right auricle almost independently
and without first of all meeting in a common sinus. Their
orifices are, however, guarded by well developed venous
valves, which are contiguous oh the right side at the upper
and right corner of the right auricle at the upper angle of
the right auricular appendix, and which meet at their other
extremity at the lower left side of the auricle in the
basal wall near the auriculo-ventricular groove. (Figig/v ).
The inferior vena cava also pours its contents into the
orifice guarded by the valves. - The pulmonary vein is
developed in close association with the tissue of the left
wall of the sinus venosus and is closely related to the ‘
base of the left venous valve.

To examine the gino-auricular nodal tissue in the
turtle's heart a block is excised in a manner similar to that
desoribed for the pig's heart, (p.9l ). It will be seen
that in general conformation the external surface of the
turtle's right auricle bears a close resemblance to that
of the pig(ﬁ«\%)Posteriorly there is a well-defined sulcus
Separating the gsuperior caval portion of the ginus from the

appendicular portion of the right auricle; this sulcus runs

from/
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from the sino-appendicular angle downwards and inwards
towards the inferior vena cava. The lower incision is
made parallel to this sulcus and sufficiently below it

to leave the venous valves in the block; the upper
incision parallel also to the sulcus should be about -5
c.m. above the sulcus in the case of the heart of a large
turtle. The sections are cut in a series at right angles
to the venous valves beginning with the side to which the
auricular appendix is attached; throughout the main part
of the series the venous valves should appear in transverse
section. (Fig.23 ). ‘

It is at once obvious that with respect to the presence
of nodal tissue the condition in this heart differs greatly
from that in the heart of the breamn. There is nothing
in the nature of a specialised ring situated at the sino-
auricular junction. In the earlier part of the series a
continuity of muscle fibre can be traced from the sinus
wall into the auricular Wali through the venous valves
which are composed of ordinary cardiac muscle fibres arranged
circularly; +the muscle fibres of the sinus wall as well as
those which preserve the continuity of structure cannot be
distinguished from those of the auricle. When, however, a
certain stage in the series has been reached, usually about
half way between the outer and inner mafgins of the superior

Cava, the fibres of continuity on the posterior wall
through/
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through the sulcus between sinus and auricle present an
appearance which distinguishes them readily from those of
ordinary muscle(h\l?ﬂ)‘]?he fibres here course directly from the
ginug into the auricle without any intervention of the valvular
muscle, although the muscle of the posterior valve ig in diregt
continuity with that of the auricle (Pigd3 ). This band of
muscular continuity which, be it remembered, is not the only
source of muscular connection between sinus and auricle is
distinguished most readily from the ordinary cardiac muscle

by the relatively large number of huolei which it contains.
More closely examined it is seen to be more pale in its
staining, the fibres are thinner and more delicate and con-
tain few fibrils, and no transverse striations, and there is an
interlacing network arrangement of the fibres in bundles

lying in a framework of connective tissue. (Fig.23). Nerves
and nerve cells and a rich supply of small blood vessels are
also present . The extension of the connecting bundle into

the auricular wall is very short, the fibres becoming con-
‘tinuous almost immediately below the base of insertion of the
right venous valve. If now the extension of the bundle be
followeg backwards or upwards into the sinus wall, it will be
found to come from s poiht at a considerable distance above

the sino-auricular junotionkﬁimlﬁo follow this extension, the
Series must be examnined backwards towards the asuricular
appendix. The sinus continuation of the structure may be

found in thig way to start from a point on the anterior
SU.I’fa,Oe/
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aurface of the sinug or superior cava almost opposite to

part at which the nodal oontinuity& between ginus and

guricle already described on the posterior surface, is
gituated. It lies in front at a distance of 0:3 - 0.5 c.m.
above the sino-auricular junction in a large heaft and is
surrounded by the sinus musculature from which it is eadily
distinguished in virtue of the relative pallor of its stain-
ing, the compactnegs of its structure and its relatively

large nuclear content(ELQCloser exanination of its structure
shows 1ts resemblance to the caval extension of the sino-
auricular muscle in the pig. The dense meshwork suggests

& closely interlaced syncytium of fibres passing in all
directions with fibrils freely inter-communicating. The
nucleil which are small and rounded lie sometimes in the
Substance of the syncytium and in other parts i%l small

Vao@gar Spaces scattered irregularly throughout the structure.
This structure may be followed from the front of the sinus
outwards to its outer border in a direction parallel to the
S8ino=-auricular groove; it may then be followed from the outer
border inwards and downwards on the posterior surface of the
8inus t1ill it becomes continuous with the sino-auricular
Connecting bundle already described. (Fig. 13 ). Special atten-
tion ig directed to the close gsimilarity, which this structure bhae
in TeéSpect of its position and minute appearance to the sino-

8uricular node in the pig. In each cas® part of the specialised

uscle/
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muscle lies some distance above the sino-auricular groove

and may be followed to the front of the superior cava,

although it extends posteriorly below the sulcus into

the auricular muscle. It is not "sinus muscle" or

"remaing of sinus venosus" or "embryonic remnant of

primitive tube"; it is a well defined structure in each

cagse just as distinet from sinus muscle as it is from

auricular muscle. Nof ig this surprising because the

ring at the sino-auricular groove in the bream's heart

was also found to be egually distinet from sinus and auricle.
The auriculo-ventricular junction in the turtle is

composed of connecting muscle fibres, which surround the

auriculo~=ventricular orifice in its whole extent. These

fibreg run in longitudinal strands from the more circularly

arrangsd muscular constriction of the canalis auricularis

(Figigw ). This circular disposition of the fibres immed-

lately above the auriculo-ventricular orifice is associated

with an interlacing arrangement, with an increase in the

amount of inﬁermusoular fibrous tissue, and with a distinct

absence of transverse striation as compared with the

ordinary cardiac muscle. The flattened portion of the

auricles known as the basal wall, extends from the lower part

of the sinus, which lies in closest proximity to the ventricle,

to the canalis auricularis, (Fig.X ). Thus in one part of

the heart there is direct muscular continuity over a very

short/




short distance between sinus venosus auricles (basal wall)
canalis auricularis, auriculo-ventricular connection and
ventricle. On the dorsallside of the canalis auricularis
there is an Immediate continuity of structure between the
muscle fibres of that part of the heart and the muscle

of the bulbus arteriosus; that is to say, there is a
direct path of muscular continuity between the auricles
‘and bulbus without the intervention of ventfioular

muscle. The significance of these anatomical facts in
relation of the sequence of events in the cardiac con-
traction will be discussed in a iater chapter, (p2i ).
Meanwhile it is sufficient to recognise that muscularly,
the sinus is connected with ventricle (along the basal wall)
Without the intervention of auricle, and that auricle is
connected with bulbus (along the canalis auricularis)
without the intervention of ventricle; +there is thus a
muscular continuity almost in a straight line and though
Specialised fibres between sinus venosus and bulbus
arteriosus. The exact relations of the auriculo-
ventricular muscle to the venous valves and the existence
of & possible mass of specialised muscular tissue at the
Opening of the pulmonary vein, which developes in the

wall of the sinus, has not been worked out fully. In

the heart of the ligzard there is a large mass of spedialised
uscle surrounding the orifice of the pulmonary vein and

containing/



containing a specially rich blood and nerve supply. This
structure is very closely related to the inner and lower
attachment of the venous valves to the basal wall in front
of the opening of the left superior vena cava. The
suggestion is made here, although the question obviously
demands further research, that the auriculo-ventricular
system is anatomically and functionally linked up with
special muscle lying behind the venous valves and posSsibly
associated phyl*ogenetioally with a portion of the sino-
auricular ring in the fish (bream), (Fig./% and p.!30).
The fu11 signifioanoe of this suggestion can be realised
only when the development of the auriculo-ventricular
system in the mammalian heart is understood. (p.lal.).

THE HEART OF ECHIDNA.

The heart of Echidna (monotreme) is specially inter-
esting, affording as it does an example of the organ in the
most primitive mammals. The situation and finer structure
of the gsino-auricular node does not differ materially from
that which has been described in the case of the pig. The
main mass of its tiséue lies in close opposition to the
Tinea terminalis with whose fibres the fibres of the node
are in direct continuity. Its extension into or from
the wall of the superior cava is also well seen. In the
nodal tigssue of the specimen examined and described by
Keith and myself attention was mainly directed to the fact

that/




that this structure in this animal presented all the
features of a neuro-muscular end-plate. Sharply demar-
cated at its sgides from the auricular muscle by wide lymph
spaces the structure of its fibres suggested the idea of
nerve structure rather than that of muscle. In fact it
was with the greatest difficulty that in parts a definite
opinion could be given as to whether the nerve and
nuscle fibres were not in dirsct continuity While I
have come to the conclusion that the nerve and muscle
fibres are not continuous there is no gainsaying the fact
that in the node the nerve bundles break up into a plexus
whose fibres are intimately interspersed with the con-
plioated reticulum of nodal muscle. Nerve cells in small
nerve bundles,‘whose fibres break up and course among the
muscle fibres, may be seen throughout the structure, (Fig. (6 ).
Examination of the auriculo-ventricular muscle provided
the most interesting results. bThe auriculo=ventricular node
and bundle did not differ in its situation or main structurel
characteristics from that which has been described for mammals
generally . The left branch going to the left ventricle
S8preads out from the main bundle in the region of the pars .
in much the same way as it does in the human heart. Purkinje
Tfibres could not be seen in the left ventricle whereas they
Were present in abundance in the right ventricle. If the

right auvriculo-ventricular orifice be now examined it will

be/
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be gseen that the annular ring of fibres on the auricular

side of the orifice present an appearance similar to that
gseen in the auriculo-ventricular node. They are pale in
colour, with rounded nuclei, and striation is rarely

present . The fibres further appear to contain vacuclar
spaces as if in the process of fixation and embedding some

of their contents had dissolVed out. The most important
feature, however, is that in some places strands of these
peculiar pale fibres with rounded nuclei may be followed into
the flgps of the auriculo-ventricular valves, and at two
different points this extension of the annular.fibres could
be followed into the muscle of the right ventriold%mrfhere

is thus in this particular heart not only the special mammal-
ian connection afforded by the supriventrioular bundle and
its branches to right and left ventricles, but there is in
addition a few strands of fibres running diredtly from the
annular ring of the right auricle into the muscle of the
right ventricle. These strands are, as we shall see, most
readily explained on the assumption that they are phyl\ogenetio
remains which have survived the process of invagination of
the canalis auricularis into the ventricle. On the left
8lde the auricle is gseparated completely from the ventricle
by fibrous tissue, except in so far as continuity is pre-
8erved through the ordinary bundle and its branches. In the
case of the rabbit and rat, I have observed the fibres

described by Curran which run directly into the ventricle

from/
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from the main bundle before it enters the septum fibrosum
(p#%). But in the case of Echidna the strands which
descend in the flap are situated at a distance from the
main bundle. They descend from the ordinary remains of
the annular ring.

In the preceding account of the comparative anatomy
of the special musculature in the vertebrate heart, it
is to be noted that the descriptions given of the various

hearts apply only to the animals mentioned and not to the

classes to which they belong. Very congiderable variations
are found for example among fishes. In the skate for

instance, the venous valves do not lie in a direction at
right angles to the long axis of the body; they course
diagonally across the posterior wall of the auricle and
where they are contiguous on the left side, are inserted
into the basal wall in the immediate neighbourhood of the
auriculo-ventricular orifice; the sinus muscle thus

lies very close to the connecting muscle between the auricle
and the ventricle, (pﬁﬁﬁ). In amphibians and reptiles

Very considerable differences in the distribution and

extent of the special musculature is found to exist, but
Sufficient has been explained ' in the short account given of
these three hearts to render intelligible the interpretation

which will be given of the nodal structures in the human

heart ./




heart.

THE PHYLLQGENETIC RELATIONS OF THE NUMAN HEART

The primitive gtructures whose remnants in.the human
heart are the subject of interest here are (1) the sinus
venosus, (2) the venous valves, and (8), and canalis
auricularis.

The sinus venosus in the human heart:- This structure
or its remnants are recognised by comparison with the
position and relations of the structure as it is sometimes
found in a mal-formed foetus. Keith and Flack have repre-
sented in diagramatic form, the variations which the sinus
may show in such malformed human hearts, and the appearances
they exhibit when compared with a normal human heart,
the heart of the wallaby and the frog's heart, (Fig.20 ).
The view in this diagram shows the venous or auricular end
of the heart looked at from the dursal side. The sinus,
a8 we have noted in the case of the bream, is seen in the
frog (E) to be formed by the union of three great vessels -
the right Duct of Cuvier (right superior vena cava), the
lef't Duct of Cuvier (left superior vena cava), and the
inferior vena cana (the hepatic vein in the fish). In the
human heart; a8 in that of mammals generally, the sinus
venosus has become invagihated into the auricular expansion

of the auricular canal, so that its remains must be looked

for/
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for, submerged in the posterior wall of the auriolés. On

the outer surface of the heart the guide to its presence is
the muscle of the walls of the superior vena cava and the
coronary sinus (the representative of the left superior

cava, (Fig. A, B, C.). Keith points out that besides

the musculature of these two vessels the sinus is represented
by a deep‘stratum of muscle, which runs between the two
venous valves beneath the auricular endocardium; this
stratum extends from the sulcus terminalis on the right to
the interauricular septum on the left, and extends downwards
to the inferior vena cava (Figlfel). In the internal surface
of the auricle a somewhat general idea of the limits of the
8inus remains may be obtained from such portions of the
venous valves as can be made out. The extent to which the
venous valves are represented in the mammalian heart, and also
in the human subject, varies very considerably. The Thebesian
and Eustachian valves are almost invariably present and
OCoupy an almost constant position. The Eustachian valve

Day in some ingtances be followed upwards on the outside of
the inferior cava to the line of junction of the superior
oa;a with the auricle; it represents the remains of the
right venous valve and the structures immediately on its

left side belong to the original sinus. At its lower margin
the Bustachian valve courses upwards towards the inter-

auricular septum between the inferior cava and the coronary

Sinusg; /
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ginus; this latter extension does not represent a
portion of the right valve as it exists in the fish,

but is a new formation joining the right and left venous
valves, and it may be geen in its full development in

the bird's heart. The Thebesian valve on the other hand
ig a direct extension of the right venous valve; it (E}I&)
maintaihs a position to the outer and lower agpect of

the coronary sinus, and may be followed to the auriculo-
ventricular groove to a point in very close proximity

to the node (Tawara's) which constitutes the commencement
of the specialised auriculo-ventricular system. The
structures immediately to the left of and above the
Thebesian valve, belong to the original sinus. v It is
only in very rare cagses that a trace of the left venous
valve can be distinguished. In the heart of a kangaroo
I have been able to follow it from the lower border of
the superior cava along the inter-auricular septum on

the left side of the inferior cava, and abéve-the
coronary sinus till it diqappearéd in the}aurioulo—
ventricular groove in front of the coronary sinus in
conjunction with the Thebesian valve (Fig.'ﬂ ). The
8tructures on the right side of this r emnant of the left
venous valve are to be regarded as belonging to the
original sinus. The general conclusion indicated by

these findings is that all the structures falling within

the/




the linits of the vestiges of the right and left venous
valves are to be regarded as belonging to the sinus

venosus; a8 in the case of the turtle the sino-auricular
node lies in close relationship with the right venous

valve so in the case of the pig and in the human heart

the same node is found in a corresponding position. The
important point arises as to whether Tawara's npde does

not also lie within the limits of the venous valves. We
have followed the right venous valve as the valve of
Thebesius to the auriculo-ventricular groove at a point

in immediate proximity to this ndéde; and in the kangaroo's
heart the left valve joined the inner extremity of the
right valve in the same place. It is admittedly a matter
which demands further investigation, but as we shall see
later there is considerable evidence for the view that

the node of the auriculo-ventricular system is developed
from part of the original sino-auricular node, (p.3° ),
while the extension of the system through the septum
Tibrosum into the ventricles is to be regarded as the
Condensed repregentative of the specialised ring and

tube of auriculo-ventricular muscle, which in the primitive
heart preserves the continuity between auricle and
ventricle. Another opportunity is taken of discussing this
problem more fully. (p.13e ).

Keith and Flack have suggested that possibly there may
be/
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be remnants of the sinus in the left auricle of the

human heart. This possibility is no doubt enhanved by

the fact that the pulmonary vein makes its first appearance
in the wall of the sinus venosus. In. Fig.2e 7. it is
seen that in the frog's heart the musculature of the sinus
at the sino~auricular Jjunction (s.a.j.) includes within

it the orifice of the pulm@nary vein. = It was noted above
that in the heart of the,lizard a considerable mass of
muscle and nerves continuous with, and in immediate con-
tact with, the'sinus wall, lay at the entrance of the
pulmonary vein to the left éuricle. The close relation-
8hip of the pulmonary vein to the sinus is also seen in
the malformed heart of the human foetus in Fig2e.D. "It
is, therefore, possible that as part of the auricular
canal, which is to become the vestibule of the left auricle
expands (V-), a part of the sinus musculature is also
involved in the process and may persist in the left auricle
of the human heart around the orifices of the pulmonary
veing." As against this view, however, is the fact that
no trace of the venous valves is to be found in the left
auricle, and the only trustworthy guide to remaing of the
original ginus in the presence of such vestiges. In any
cagse, it is scarcely credible that even if there were such
bersistént portions of the sinus walls that a functional
impOrtanoe'coﬁld be attached to them. Emphasis has been

laig/
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laid on the fact that in the bream it is not the ‘sinus
wall, but the sino-aurioﬁlar ring, and in the heart of the
turtle, pig and human subject, it is not the “"remains of
the sinus venosus", but a well defined and obviously
specialised structure, which is to b¢ regarded as the
"nodal tissue" at the entrance to the heart. "Embryonic
remains of the primitive cardiac tube" the;e may be all
over the auricles, but it is extremely unlikely that they
possess any physiological importance in the sense that

to them under any circumstance, there can be delegated

the functional activities of the sino-auricular node; in
any cage I should not be disposed to attach any importance
to their presence except on the evidence of conclusive
physiological exﬁeriment.

The auricular canal of the Human Heart:- In the

simplest form of the heart (See Fig. 4) the auricular canal
which joins the sinus venosus to the ventricle is differen-
tiated according to Keith into three parts, a basal portion
oppogite the auricle, (-3 ), an annular part between the
auricle and the ventricle, ( 3-3 ), and an invaginated or
intra-ventricular part, ( 44 ). The basal part of the
auricular canal can be understood only by reference to the
form which it presents in lower vertebrates. The auricle
Or auricles are outgrowths of striated muscle from the
dorsal wall of the primitive tube, and the ventral Wall

remaing/




remains unspecialised as the basal part. It préServes

a straight muscular path of continuity between the sinus
venosus and the annular or auricular ring at the auriculo-
ventricular orifice; it was along this direct path that
Macwilliam believed the wave of contraction to pass in a
sino-ventricular rhythm, which oczcurred without the inter-
vention of an auricular contraction. In the human, as

in the mammalian heart generally, the basal wall as such
no longer exists. It has become modified or displaced by
the transformations which have ooccurred in the evolution
of the heart. These transformations are associated with
the growth of an intsr-auricular septum, and the formation
of & vestibule to the left auricle; 5% less important

than these factors in the modification of the basal wall,
18 the gradual invagination of the auricular canal into

the ventricle with the formation of papillary muscles which
in their contraction exercise a considerable traction on
the auriculo-ventricular junction leading to an atrophy of
the auriculo-ventricular muscle except at that part where
it is protected by the grow£h of the interventricular septum
(p.3y); it is highly probable that a part of the auricular
canal thus protected by the interventricular septum belongs
to the basal portion, and ultimately forms part of the
Specialiged auriculo-ventricular system in the mammalﬂ

The annular part of the auricular canal is that ring

of/
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of circularly disposed fibres, which lies on the

auricular side of the auriculo-ventricular orifice, and
which hag been described in the heart of the bream and

of the turtle as constitubting the commencement of the
gpecialised aurioulo—veﬁtrioular system in these hearts.
In the mammalian heart they have almost disappeared as

a ring, although in the heart of Hohidna we have

pointed that they are gtill represented on the auricular
gide of the tricuspid orifice by groups of pale non-
striated fibres, which here and there send extensions

into the tricuspid valves. Their disappearance in

the mammalian heart may be attributed to the new mechan-
lcal conditions involved by the development of the strong
papillary muscles in the ventricles, to which the

valvular flaps are attached; this supposition is rendered
more likely by the fact that in Echidna the annular fibres
have disappeared altogether on the left side where the
papillary muscles are more strongly developed. The
developmental conditions under which we suppose' it
bossible that part of the basgal wall might have been
Preserved in the evolution of the mammalian heart, make it
almost certain that part of the annular ring has survived.
These conditions, as we have seen, depend upon the fact
that in the process of invagination of the auricle into
the ventricle the gurioulo~ventrioular muscle is protected

bPosteriorly/
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posteriorly by the development of the inter-ventricular
muscular septum, and those fibres which survive as a result
of this protection, come to lie on the surface of the
geptum and constitute part of the auriculo-ventricular
connecting tissue in the mammalian heart, the remainder

of the annular fibres as has been point out, undergoing
atrophy Trom mechanical causes.

The invaginated portion of the auricular canal is
composed of the fibres, which extend more or less longitud-
inally fram the annular ring into the ventricles. 1In
the bream and turtle they were seen to be present all
round the auriculo-ventricular junction. In Echidna a
few strands were present on the right side, but ﬁo'traoe
of them was found on the left. In the higher mammalian
hearts they are absent from the orifices having disappeared
for reasons already indicated. They are, however,
represented in the septal extensions (right and left)
of the auriculo-ventricular system of mammals.

In the foregoing short account of the comparative
anatomy of the vertebrate heart with special reference to
the subject under discussion, an attempt has been made to
glive an explanation of the phyl‘ogenetio appearance of
the two specialised neuro-muscular end-plates in the human
heart . The sowcalled sino-auricular node presents little
or no difficulty. It is the ﬁomologue of the sino-
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4 Ting in the fish. t&i&its neuro-muscular tissue one
would expect that teis was the commenceﬁent of a new
gseries of events in ﬁhe cardiac cyecle.*~ The explanation
of the origin of the auriculo-ventricular system is not
gquite so gimple. I have suggested the possibility of
a composite origin for this structure. The parts of
the primitive heart, which may be represented are, (1)
a portion of the sino-auricular ring, (2) a portion of
the basal wall and annular ring, and (3) part of the
invaginated portion of the auricular canal. The evidence
which may be adduced in favour of the view that the sino-
auricular ring is represented in the auriculo-ventricular
system may be stated as follows:—

(a) Tawara's node lies in very close proximity to the
points at which the right and left venous valves are lost
in the auriculo-ventricular groove, so that in some hearts
at least the node may be said to lie within those limits
which contain the remains of the sinus. It is admitted that
in the human heart for example, the node lies a con-
8iderable distance in front of the coronary sinus, and I
have never observed a case in which the fibres of the node
were even‘near the muscle fibres of the wall of the coronary
sinus; 8till on the other hand, I have observed & casesin
Which the remains of the right venous valve extended on to
the auricular surface of the pars membranacea septi, and
in thlspcase the node certainly lay within the recognised

limits/
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limits of the sinus remains. Again, in the heart of the
mouse I have observed an extension of the nodal tissue of
the auriculo-ventricular system into the wall of the
coronary vein (or left superior vena cava - left Duct of
Cuvier) in exactly the same way as the tissue of the
sino-auricular node in the same series extended into'the
wall of the superior vena cava (right Duct of Cuvier).

(b) I have pointéd out that although in the bream
the two ends of the sino-auricular orifice at.which the
right and left Ducts of Cuvier, with the right and left
branches of the sympathetic and vagus nerves, enter the
“heart, lie equidistant from the aurioulo—véntrioular
orifice, still in the skate the sino-auricular orifice and
valves occupy a diagonal position, so that the end at
which the left Duct of Cuvier enters comes to lie in close
proximity to the auriculo-ventricular orifice (Fig./] ).
In this case a portion of the nodal tissue of the sino-
auricular ring is separated from the auriculo=-ventricular
muscle connection by a very much shortened basal wall.

In the mammalian heart the line of junction between the
orifice of the superior cava (right Duct of Cuvier), and
the coronary sinus (left Duct of Cuvier), occupies a dia-
gonal position, so that the opening of the coronary sinus
comes to lie in close proximity to the auriculo-ventricular

groove. With the process of invagination of the sinus into

the/
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the posterior wall of the auricle the right and left

Ducts of Cuvier enter the auricle at different parts and
the suggestioh is that the left Duct of Cuvier has carried
with it a portion of the sino-auricular ring just as
another portion has been retained at the junction of the
auricle with the right Duct of Cuvier.

(c¢) If it be the case that the sino-auricular ring
is represented in the auriculo-ventricular system, then
in all probability a small portion of the basal wall is
retained in pregerving the continuity bétween the
8inus portion and the surviving part of the annular ring,
because there can be little doubt that whatever structures
are concerned in the development orf the system the fibres
of the annular ring form one part.

(d) A further point in favour of the view that the
primitive sino-auricular nodal tissue is represented in
the system is the important fact demonstrated by Rotberger
and Winterberg that while the right sympathetic influences
the so-called sino-auricular node, the left sympathetic
acts more particularly on the auriculo-ventricular system.

While these considerations no doubt support very |
8trongly the view which I have advanced as to the composite
Character of the system, it is admitted that on embryo-
logical evidence based on the examination of the human
heart, much may be said in favour of the hypothesis

but forward by Keith and Flack, that the auriculo-ventricular
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connection consists purely'and simply of a condensation
of the annular and invaginated fibres of the auricular
canal protected by the mechanical conditions under which
the heart assumes 1ts complicated form.

Retzer's theory as to the origin of the auriculo-
ventricular gystem is based on embryological investigation
of the pig. He found that the right and left venous
valves in the embryo arise from invaginations of the
walls of the sinus venosus. He attempted to trace the
fate of the sinus by following the structural differences
which characterised the valves. The right valve divided
forming the valves of Eustachius and Thebesius, which
Surrounded the coronary sinug, while the left valve pierced
the fibrous septum to preserve a muscular continuity
between auricles and ventricles. In an embryo of 20 m.m.
the left venous valve, he says, lies in the form of a
small strand on the roof of the interventricular septum
on which it bifurcates into the right and left septal
branches . While I can confirm Retzer's observation as
to the mode of formation of the venous valves, and also as
to their extension as far as the fibrous gseptum, it is
~impossible +to accept his interpretation that the left
venous valve is continued into the ventricular cavities,
and ultimately becomes the auriculo~ventricular system.

There is no evidence in the phyl#ogenetio development of

the/
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the heart to warrant any such conclusion, and in this
particular instance the histological appearances in the
§Ebryo are too equivocal for the support of a theory
which is not in accord with the obvious facts of com-
parstive anatomy.

THE ORIGIN OF THE FINER BRANCEES OF DISTRIBUTION IN THE

VENTRICLES.

There still remains for consideration the mode of
origin of the terminal arborisations of the right and
left branches of the auriculo-ventricular system in the
ventricles. If a large heart from one of the lower
vertebrates be examined macroscopically, there may be
seen 1n the cavity of the ventricle very fine delicate
pale threads coursing from one bundle of muscle tissue to
another in the spongy substance of the chamber. These
3gead—1ike Strands appear to be continuous with the
invaginated fibres of the aurioulaf canal, which constitute
part of the auriculo-ventricular muscle connection. They
are present all round the chamber, but are often more
Numerous towards the posterior wall of the ventricle or
ventrioles{FfﬂThe suggestion which I put forward is that
this network of fine threads is the homologue of the
terminal extension of Purkinje fibres scattered throughout
the subendocardial layer of the ventricles in the ungulate
Sheep's heart. In the lower heart they are in continuity

with/
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with a cylindrical disposition of the auriculo-ventricular
muscle; in the sheep's heart they are in continuity with
the single cord, which takes the place of the oylindrioal
arrangement , (Fig.l3 ). The network itself does not
atrophy in the evolutionary process, because it is not
expoged to the mechanical disabilities affecting the
cylinder, and its strands being arranged in the form of a
network their anatomical and functional continuity is
breserved in direct association with the surviving bundle,
which lies on the roof of the inter-ventricular septum,
between the auricles and ventricles.

) A very strong support of this interpretation of the
origin of the subendocardial network is to be found in an
examination and comparison in different ungulate hearts of
the distribution of the Purkinje system. Attention has been
drawn to the fact, (p.34 ) that strands of Purkinje fibres
not infre%EZFtly cross the cavity of the ventricles from
the Septq&po the papillary muscles, from one papillary
miscle to another, and among the trabeculae in the form of
pale cords or threads. Monckeberg has subjected these
extensions of the aﬁrioulo~ventriou1ar system to a very
thorough examination. He hags found that some of the cords
are associated with the Purkinje system, and that others
consist of fibrous tissue only, while still others are com-
boged of ordinary cardiac muscle; the two latter types he

Tegards/
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regards as being quite independent of the ramifications

of the bundle. While Mgnokeberg's description of the
varieties of these cords is accurate, it is quite possible
that he has missed the full significance of their varied
constituents, when he states that some of them have nothing

to do with the branching of the auriculo-ventricular system.
Although anatomically and physiologically, they no longer form -
part of that system, still developmentally it is more than
likely they stand in close relation to it. These cords

are, ag a rule, best seen in the left ventricle. Occasionally
they course from the septum to a papillary muscle; they may
becone attaohed towards the base of the muscle, or in its
middle or very occasionally near the apex. The nearer the
apex the attachment takes places the more likely is the cord
found to be composed of fibrous tissue. Also if the cord

is attached to the.septum behind the Tan-shaped extension

of the left branch, it is almost certain to be fibrous.
Specimens are sometimes seen in which a cord attached to a
bPapillary muscle néar the apex gives the impression that it

18 a chorda tendinea, and it is highly probable that all these
cords are really "aberrant chordae tendineae". I am

inclined to regard the chordae tendineae of the valves, these
"aberrant cordae tendineae" and the bundle itself with its
branches, as modifications of the same primitive structures,

lamely, the ventricular extensions of the invaginated

auricular/




auricular canal. According to this wview the Purkinje
ranifications on the papillary muscles were at one time in
direct continuity with the amnular fibres of the auricular
ring through the fibrous cords, and valvular flaps, whose
originally muscular substratum has disappeared as the result
of the mechanical influences mentioned above. (p.123 ).

The network retaing its connection with the sole surviving
strand. of the original auriculo-ventricular musculature.
This view explains why it is that the ramifications of the
bundle are almost exclusively confined to the original

parietal wall of the ventricle and the papillary muscles,

while they are almost never to be found on the muscular
Septum, which is of later development. Such strands of the
bundle as are present on the septum.are on its lower part and
give the impression as if they had been carried upwards with
the development of the geptum from the apical region of the
original chamber. It would also account for the fact that
Occasionally short strands of Purkinje fibres may be en-
countered, more especially near the venous base of the
ventricle, whose continuity with the general network cannot

be determined, (p.49 ).

TBE RELATION OF THE SINO-AURICULAR NODE TO THE AURICULO-
VENIRICULAR SYSTEM. |

The relation of the sino-auricular node to the asuriculo-
ventricular system has been the subject of considerable con-

troversy/
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troversy. Retzer in the embryological study Qf the question
already referred to, pointed out that the left venous valve
obnstituted, in the embryo at least, a bridge of continuity
between the two systems. He explains, however, that whereas
he could recognise in the ventricles the "forerunners of the
ultimately Purkinje fibres" they were riot to be seen in the
suricle. Thorel has stated that ;'a gspecific muscular connect-
ion whose fibres exhibit a structure of the Purkinje type,
exists between the sinus node of Keith and Flack on the one
8ide, and the node of Aschoff and Tawara on the other".

Thorel's investigations were carried out on the human heart.
The determination of the pregsence of specialised muscle in

the humen auricle is, as has been pointed out already, a

mstter of great difficulty, in as much as the appearance

which ig presented by ordinary muscle fibres where fibrous
tissue isg present is readily productive of a fallacious
interpretation. Confirmation of Thorel's suggestion has

"0t been forthcoming from those who have further investigated
ttle Subject.  Koch, Keith and Flack, Fahr, Schwartz and
lonckeberg, have failed to find any such connection of
Specialised fibres.: The examination of & number of smaller
Pearts from rabbits, cats, rats and mice, was made by Keith
80d myself.  The hearts were cut serially from one end to
the Other, but we failed to find any connection between one

Node
81d the other, except that which was formed by the
0rdingry /
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ordinary muscle of the auricle. We examined also the
posterior auricular wall of the pig and the shéep, in
which the nodal tissue is specially distinect, but found
no evidence of any 8special internodal connection. The
nodal tissue of the sino-auricular node could be followed
in every instance into ordinary auricular muscle in the
immediate neighbourhood of the orifice of the superior
venha cava.

But while there is no evidence of a specialised
mugcle connection between the two nodes in the mammalian
heart, I would again refer to the suggestion already made
that phyl%ogenetioally both nodes are possibly derived
from a common source, namely, the sino-~auricular ring in
the fish; +the left node with the left nerves must in this
case have been carried downwards with the left superior
cava (coronary vein) into a position of close proximity
to the auricular canal, while the right node with the
right nerves remained at the line of junction of the
Superior cava with the auricle. The two nodes are still
in the mammalian heart connected by the ordinary auricular
muscle, but as we shall éee in.the next chapter, it is
highl‘y probable that their physiological inter-dependence

is determinedAalso through the nervous system, (p.1!% ).
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CHAPTER IV.

THE FUNCTIONS OF THE SPECIALISED MUSCLE OF THE VERTEBRATE

HEART .

The observationg which have been made on the
functions of these structures, and the interpretations
which have been suggested, have been influenced largely
by the researches which Gaskell conducted thirty years
ago . As stated by him, the main problsms in the physiol-
ogy of cardiac movement centred round two leading questions;
the first dealt with the origin of the cardiac beat, and
the second with the sequence of events in the cardiac
cycle. Around these problems there has raged a controversy
which, though it may have been productive of invaluable
results, possesses now little more than historic interest.
This controversy was concerned with what is known és the
"myogenic" and"neurogenic" theories of the heart movements.
According to the "myogenic" theory the cardiac beat originates
in the muscle, and the wave of contraction is conducted alopg
the muscle fibres from auricles to ventricles, égé commence-—
nent and sequence of events de#ending solely on thée proper-
ties of the muscle fibres, and being in no way influenced
by nerves. According to the "neurogenic" theory the
cardiac beat originates as the result of a nervous impulse;

the wave of contraction is conducted along the chambers
of/ -
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of the heart through nervous paths, and the sequence

of events is determined by the control of the nervous
gystem. If this method of stating the position of the
protagénists of the two schools is simple and crude, it
is neither more simple nor more crude than most of the
arguments which have been advanced in supportlof the
respective theories. If a small piece of tissue excised
from the apex of a pig's ventricle be placed in saline
solution under pressure, it is found to contract rhyth-
mically; this is claimed as evidence in support of the
myogenic theory; on the other hand, it is pointed out
that every fibre of cardiac muscle is surrounded by a
plexus of nerves, although it is only one or two observers
who have ever been able to see this, and the experiment
with the apex of the frog's ventricle is claimed in
Support of the neurogenic theory. Again, it is possible
to fix up an excised mammalian heart on am apparatus, and
to perfuse it with nutritive or non-nutritive fluid so
that it may continue to beat for hours in rhythmic sequence.
From such a experiment conclusions are drawn on the
assumption that the heart is acting as if it were still
performing its function as an organic part of the living
body . A pursuit of this controversy, through its irre;
levant and contradictory paths would do nothing to serve

the purpose of the present investigation. It is sufficient

to/
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to state that the most permanent contributions to our
knowledge of the physiology of the heart from the myogenic
gide were made by Gaskell himgelf; and these no one who
is working on the subject can afford to overlook.

Before leaving this aspect of the question, reference
mugt be made to the fact that 1In the progress of this
controversy terms have been employed, which, if continued,
in use, cannot but lead to confusion and fallacy. Chief
among these is the term "aﬁgtomatioity". The definition
of ad@tomaticity in this context which is most frequently
quoted by physiologists, clinicians, and pathologists,
is that given by Langendorff, who regards it as “the
capacity in a motor apparatus in itself and without
external impulse to develope the continuous stimuli which
produce movement". Wenckebach who has applied the theory
clinically with admittedly fruitful results, says, "Thus
with the help of the new theory, we have found the heart
to be a primarily self-acting organ, which by virtue of
its inherent properties, is able to preserve its rhythmical
action, even in the presence of many disturbing influences,
and to meet many different claims on it." It is contended
that this aé;homatioity in the case of the heart resides
in the gpecialised tissue at the sino-auricular Junction.
Unless the definition is' capable of an interpretation
Which is not apparent on the surface, xﬁé its terms there
18 attributed to the heart a functional capacity, which is

quite/
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quite inconsistent with its existence as part of an
organised body. In view of the considerations which
were put forward in Chapter I. an aﬁ;tomatioity of the
heart is unthinkable. It arises primarily as an organic
part of the embryo; its embryonic and phyl%ogenetic
development occurs in the closest relationship with

the growth of the organism. It responds Lo every new
demand made in the course of that complicated growth,

and its own shape and evolution is determined by the
needs of an ever varying series of circumstances. In
disease as ih'health it is capable of responding to
extraneous stimuli from various sources. Intra—-cranial
abnormalities, abdominal irritation and pulmonary disease
may each be reflected in the character of cardiac action.
It may be that the term am&tomaticity has been misunder-
8tood; 1if it has, a more explicit definition should be
given; 1if not, it should be discarded altogether, in

as much as it corresponds to nothing in nature so far as
the heart is concerned. Modern research on the heart is
no longer concerned with the claims of the myogenic or
neurogenic theories; +the question is not whether the
nerves dr muscle control the sequence of events in the
cardiac cycle, but in what way muscle and nerve co—operate

to secure co-ordinated cardiac action-.

THE/
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THE CHARACTER AND SITH OF THE SPECIALISED MUSCLH WITH

RESPECT TO ITS POSSIBLE FUNCTIONS.

Before proceeding to relate the experimental evidence
on which a rational conception of these étruotures might
be founded, 1t would be well to recapitulate very shortly
the main facts relative to the character and position
of the specialised muscle bundle. In a communication by
Keith and myself thres years ago we said that “the result
of our investigations has besn to believe that all those
areas of specialised musculature, such as have been
described as nodes, are really areas where the musculature
of the heart comes into an extremely intimate contact with
the nervous system, that the structureswhich we designated
"nodal tissue" are really neuro-muscular contacts. We
found that those areas of the heart of the tortoise,
which Gaskell found +to have the greatest power of Originat-
ing the heart's impulse, and those areas which Macwilliam
found to possesg the highest degree of inherent rhythmicity
Were made up of a mixture of nerve and muscle fibres". We
stated further tbét "much might be said in favour of the
hypothesis advanced by Retzer that the 'nodal tissue' may
have Something in common with the spindles described by
Sherrington in voluntary muscle" . We pointed out in
Tavour of this view that, whereas the spindles of voluntary
Duscle did not degenerate after section of the nerves
SWpplying the musecle, it was also the case that after

Section/
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gection of the auriculo-ventricular bundle, its exten-

gions into the ventricle did not undergo atrophic change.
Further, it had been found that the specialised muscle

gystems do not participate in an atrophy or hypertrophy

of the heart as a whole. We believed this to indicate

the possession on part of the bundle of properties other

than those which belong to a gstructure like a nerv: whose

only function is to convey impulses or stimuli in one
direction. We attributed to the bundle in its capacity as

a connecting link between auricles and ventricles the capacity
of co~ordinating in some way the auriculo-ventricular sequence.
In so doing, we had no intention of questioning the supreme
control, which the node of Aschoff and Tawara exercises over
the ventricular contraction, but we suggested that in

addition to this efferent control, the subendocardial
ventricular extensions of the bundle might on further
~investigation, be found to possess in addition sensory
properties. The discovery of a mixed nerve supply by Aschoff
and his pupil Fraulein Engel to the auriculo-ventricular node
and its branches might be cited as tentative evidence in
favour of this contention. Nor does the fact that.the

nodal structures possess the anatomical characteristics of
nNeuro-muscular gpindles imply the conclusion that a spinal
Teflex arc is part of the mechanism of co-ordination. In

& later communication dealing with this same point, I suggest-
‘ed/
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ed the comparison of the cardiac movements with those of
the integtine rather than with those of the locomotor
apparatus. In support of this, I cited the work of
Bayligs and Starling on the nervous co-ordination of
intestinal peristalsis. The peculiar fitness of such a
comparigon is obvious when it is remembered that in its
embryonic and early phyl%ogenetio state the cardiac
gtructure and movements are not unlike those of the gut.
ﬁven in the case of locomotion in primitive organisms,
such as the earthworm, the peristaltic contraction of
oprosing strands of circular and 1oﬁgitudinal muscle
fibres may be compared to the movements of the intestine
or of the primitive heart. The exact manner in which

the nodal tissue plays its part in the regulation of the
sequence of events in the cardiac cycle, is still a matter
for further investigation, but of this there can be no
doubt, the neuro-muscular tissue, which has been described

Ponstitutes the "end-plates", which represent the
anatomical basis of this co-ordinated action.

With regard to the position of the end-plates it has
all along been recogniged that the sino-suricular organ
must have something to do with the conditions which ddter-
nine the commencement of the events in the cardiac cycle.
Keith and Flack in their original communication, stated

that they supposed "that the sino-auricular node might

brove"
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prove to be the starting point of the heart's contraction".
The posgition of the auriculo-ventricular organlmarked it
out at once as the structure which provided a basis of
functional continuity between auricular and ventricular
contraction.

. The opportunity may be takén here of suggesting
another regpect in which the location of these end-plates
may indioéte the possible nature of their function. In
the bream it was seen that the two nodes were in the
form of two rings at points of constri€tion of the
cardiac tube. At these constrictions the valves are
attached to the inner wall of the tube. The nodal rings
may be regarded as sensitive sphincters situated at
points where the blood stream passes from one chamber to
the other, and where r®gurgitation is prevented by a
valvular apparatus. The sino-auricular ring lies in the
sino-auricular constriction at the basal attachment of the
venous valves and the auriculo-ventricular ring lies at
the auriculo-ventricular constriction at the point of
attachment of the auriculo-ventricular valves. The
location of the nodal structures is such that they, as
highly sensitive organs, are subjected to the varying
Pregsure exercised by the biood in the contracting and
relaxing tube. Here again, the analogy of the intestine
might be useful; for the pylorio and ileo-coecal valves
mighﬁ be compared with the nodal sphincters, which guard
the/
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the entrance to the chambers of the heart. When in
later development the rings have become modified into
end-plates, their position at the sino-auricular and
auriculo-ventricular.orifices hag not changed, and as
has been sugé;sted the extensionsg of the latter into

the cavities of ventricles leaves it in a position where

it 18 exposed to the variations of intra-cardiac.

pressure.

ZXPERIMENTAL, EVIDENCE OF THE FUNCTION OF THE SINO-
AURICULAR END-PLATE.

It is impossible within the scope of the present
review to refer to all the work which has been donekon
this aspect of the subject. Before the discovery of
Keith and Flack observations on the dying heart led to
the conclusion that -the highest degree of rhythmicity
was pOSQesqed by tigsue at the orifices of the great
veing; H‘?lng thoucht that this applied in partlcular to
the orifice of the superior cava. Gaskell found that
& variation in the rate of cardiac oontraotion could be
broduced by the application of varying degrees of heat
to the sinus venosus; and in the mammalian heart Macwilliam
8tates that the rate is influenced when the tissues in the
Beighbourhood of the superior cava are heated. Excision
or ligature methods have also been employed in cold blood

animals with the regult that it has been found that any

injury/
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injury which breaks the muscular continuity between
ginug and auriole_leads to a temporary cessation of the
auricular contraction, while the sinus continues to
beat. The application of this method to the mamma,1 tam
heart has led to conflicting results. Thege experiments
are subject to the serious objection that they have not
been performed on the heart in situ. |
The first conclusive proof that the sino-auricular
node is concerned with the commencement of the series
of events known as the cardiac cycle came from Lewis
and Oppenheimer. Lewis found by means of the string
galvanometer that the auricular contraction began in-
variably at a point which he located between the superior
cava and the auricular appendix. The dog8' hearts on
which the experiments were performed were afterwards
examined by A. Oppenheimer and B.S. Oppenheimer, who
found that this point corresponded exactly with the
thickened upper end of the sino-auricular end-plate.
Wybauw using also the gstring galvanometer arrived at
the conclusion that the auricular systole began "at a
point described by Keith as the site of the sino-suricular
node and by Koch as the site of the sinus node". The
hearts were subsequently examined by Koch who was able to
confirm that the site referred to corresponded exactly to
the position of the nodal tissue.

Flack hag carried out a series of important in-

vestigations/
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veatigations into the functions of the node. The ex-
periments were performed  on rabbits, dogs, and cats.

(1) First of all he studied the effect of cold on the node.

This was done by the application of a thin cooled silver
rod in some caseg,and in others by the perfusion of ice
cold water through a small silver canula held upon the
node, and in still other cases by freezing the node with
ethyl chloride, carefulliy protecting the surrounding
parts of the heart with cotton wool. The effect in all
cages was the same, namely, an immediate slowing of both
auricles and ventricles. It was only when the cold was
applied in the region of the node that the rhythm of all
four cardiac chambers was affected; applied at other
parts of the auricle surrounding the superior cava its
effect was practically nil.

(2) 1In the second place, the effects of electrical

Btimulation were observed. For this purpose platinum
electrodes were employed every part of which, except the
points, was isolated by rubber. In the first five
experiments the Kronecker coil was used with the ordinary
zinc-carbon immersion battery, . In the later experiments

the Guelcher's thermo~electric battery was used together

With Kronecker's interrupter with the mercury "sp&lkontact".

This interrupter has two mercury contacts, one leading to
the electro-magnet of the vibrating rod, the other to

the/
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the induction coil. The advantage of the arrangement is
that the current to the electro-magnet is separate from
that to the coil, the current of the latter is therefore,
not in any way interfered with by the former, and is thus
always constant. The effects of electrical stimulation
are summarised by Flack as follows:— "(a) with weak
gstimulation of the node, usually about 40 units Kronecher
coil, there occurs a marked inhibition of both auricles
and ventricles; (b) With slightly higher stimulation,
usually 50 - BO dunits, a mixed effect of inhibition and
acceleration of both auricles and ventricles is obtained,
the acceleration usually predominating; (c) with slightly
increased stimulation, 60 - 80 units, a very marked
acceleration of the rhythm in both auricles and ventricles,
1s brought about; This acceleration is so marked that
the recording tambours cannot record it; (d) With
strengoths abqve this either a very marked acceleration of
rhythm occurs, or an altered rhythm of auricles and
ventricles during stimulation followed by a marked quick-
ening of the rhythm after cessation of the stimulus.

The latter may’possib1? be a ééi%gé effect owing to the
strength of the current used. It is to be noted that

in cases (a), (b), and (c), the same degree of stimulation
applied to other parts of the superior cava, and its line
of junction with the auricle gives no such results. When

applied/
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applied to the auricles the slighter degrees of

gtimulation give no effect or a slight quickening of

the auricular beat. Stronger stimulation induces

peculiar wave-like contractions of both auricles, but

not of the ventricles. The peculiar wave-like con-
tractions have been called 'wogen'. Upon the kymograph
these are recorded mostly as irregular lines, but to

the naked eye they are altogether different from the
quickened beat induced by stimulation of the node.

The latter are quick forcible little beats, the former
(wogen) have but little force, the contractile power of

the auricles being apparently depréssed. The higher
strengths (60 - 80 units) when applied to the different
parts of the ventricles give no effect. A strength such

as 400 units which, when applied to the apex, will induce
only a glight quickening, applied to Kronecker's

valo-motor centre in the inter-ventricular septum will
induce fibrillary contractions. These effects of electrical
stimulation of the node would appear to be of great interest
clinically, inasmuch as stimulation of the node either
through its blood supply or through its nerves may con-
ceivably give rise to these conditions of slow heart beat,
irregularly accelerated and slowed beat, greatly quickened
beat andﬁpossible altéred rhythm of auricles and ventricles".

(8) In the third place, the effects of clamping and

ligaturing/
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ligaturing the node were observed. The effects of

clamping the node were found to depend on the pressure
exerted in the experiment . For this purpose either
ordinary forceps or Spencer-Wells forceps were used.

The effectstith moderate pressure were varied, depending
evidehtly on the amount of stimulation produced.

There occurred (a) mostly a marked gquickening of the whole
heart rhythm, (b) occasionally ah altered rhythm of auricles
to vensricles, and (c) sometimes a slowing of the whole
cardiac rhythm. Similar treatment applied to other parts
of the superior cava auricles and ventricles produced no
effect. The most astonishing feature of the clamping
experiments was, however, produced by pressure firm enough
to destroy or obliterate the node. In this case,as well as
by ligaturing, Flack found little or no change in the cardiac
rhythm. He suggests that owing to the slight variation in
the position of the node that some parts of it might not
have been included in the clamp or ligature. This would
seem to be not improbable;' although with total destruction
of the node the auricular contraction might possibly, as

he suggests, have originated in Tawara's node at the coronary

8inus. In this case a shortening of the interval between
auricular and ventricular contraction would have occurred,
but he made no observations on this point (See Hering's
experiments, - p.[53 ).

Experiments/
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1
Experiments were next made to detcrmine whether
alectrical stimulation of the node produced =ffects
similar to thoss obtained by stimulation of the vagus and
sympathetic nerves. It was found that both the nodé and
th=2 nerves were more regponsive to quick rates of
gtimulation (20 - 100 per sec.) than to slow (3 - 5 per
sec.) An attembt was mext made to agscertain the relat-
ionship of the vagus and sympathetic nerves to the node.
The chief points investigated were, the effect of the
application of atropine and muscarine to the node, the
effect of stimulation of the nerves during the application
of cold to the node, and the effect of stimulation after
tight clamping. The atropine was applied carefully to
the nodal area‘for 1 -2 minutesy the surrounding parts
of the heart being protected by cotton wool. It was
Tound that in all cases the effect ©f stimulation of the
vagus on auricles and ventricles was abolished. The effect
was quite transitory, lasting only 2 - 3 minutes. This
corresponds with the duration of the effect when the drug
1s injected into the blood. With regard to muscarine
applied in the same manner, its effect was to slow markedly
the rate of the heart beat. At the same time, the effect
Of the vagus nerve was greatly inoreased. It was found
that whereas without muscarine it took 50 units Kronecker
c0il to slow in a marked degree thé{rate of beat, a much

greater/
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greater effect was produced by 25 units after the applic-
ation of muscarine. With a longer application of the
drug to the node the effect of the vagus upon the heart
seems to be abolighed, +he organ continuing to beat with
a slow depressed contraction. The effect of muscarine,
whether applied locally or injected into the blood stream
is abolished by the local application of atropine to the
node.

Experiments were also carried out to test the effect

of the accelerator and vagus nerves after the application

of cold to the node. Ethyl chloride was sprayed directly
upon the gite of the node, the surrounding parts df the
heart being guarded by cotton wool. Three experiments
were performed; 1in one case the effect of the left
accelerator was abolished, in another the effect of both
accelerators and in the third that of the right only
disappeared. The influence on the vagus of cooling the
node was observed in two cases; in one case the vagal
influence of the right was abolished while that of the left
Was retained, and in the other case the influence of the
right vagus on rate of beat was inhibited while it retained
its effect on the character of the contraction; in the
Second case an influence of the left nerve on the cardiac
movements oould'not pe elicited before the. application of
cold to the node. Flack himself, regarded the freezing
Dethod as being open to objections, hence he applied it

only/




only in a few cases, and continued his investigation of

the same aspect of the subject by observing the effect of

the vagus and accelerator nerveg after clamping the node.

After carefully ascertaining tﬁe gtrengths which produced
an undoubted responsge on part of the nerves, the area of
the end-plate wag tightly clamped with Spencer-Wells.
forceps, the forceps being left on. The results obtained
agree with those produced by atropine, only they are more
conclusgive. In six cases out of seven, it was found that
by clamping, the inhibitory effect of stimulation of the
vagus on the contraction of auricles and ventricles was
abolished. In the single case in which a negative result
was obtained Flack suggests that the clamped area in the
heart of the dog employed, may not have included the whole
of the nodal tissue; in this case, although the effect

of vagal stimulation was retained, the influence of
stimulation of the right sympathetic was abolished. In
other experiments, it was found that the effect of left
vagal stimulation was variable; in most cases where the
nerve was acting aﬁ first, clamping resulted in a dis-
appearance of the effect of stimulation, in two cases,
howevert the effect uponvthe aurioles.only was abolished,
and in‘one of these the effect subsequently returned.

Of special interest is the fact, that in one case an ill-
Titting pair of forceps admitted of the effect of vagus

Stimulation,/



stimulation, which, however, disappeared when the node

was propeyly compressed. In these experiments it was
found that &ith one exteption the right vagus exerted a
more powerful influence on the rate of the cardiac beat
than the left; 1in some cases the effect of stimulation of
the left branch was not appreciable. The variations, which
occur after stimulation of the left branch when the sino-
auricular end-plate is clamped suggest a variability and
irregularity in the distribution of the wvagal branches.

The results of Flack's investigations have been given
in some detail, because they constitute an almost con-
clusive proof of the conception, which we have formed on
anatomical grounds that the sino—auficular node is a neuro-—
muscular end-plate through which the regulating influences
of the vagus and sympathetic nerves are communicated to
the cardiac muscle. That the right vagus and sympathetic
play the primary part in this influence is also a matter of
great importance in view of the suggestion based also on
anatomical evidence that the sino-auricular node is more
closely associated with the sgtructures lying in association

wWith the right Duct of Cuvier, whereas the so=called

auriculo-ventricular node is more closely associated with
thé structures connected with the left Duct of Cuvier,
and therefore with the ieft vagus and sympathetic fibres.
(p.J3e) .

In/
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in this connection a recognition of the results of
Hering's experiments is important. He touched the
region of the node in dogs and in cats with a glowing
platinum needle. The result of this, according to Hering,
wags that the auricular contraction was no longer dominated
by the sino-auricular node, but that heterotopic stimuli
were developed in the auriculo~ventricular node. This
conclusion was based on the fact that subsequent 0
the interference with the sino-auricular node a ahange
in the interwval between auricular and ventricular occurred,
S0 that the contractions of auricle and ventricle were !
simultaneous or almost simultaneous. Hering emphagises
the fact that the most markedly simultaneous auriculo-
ventricular rhythm occurred in those animals in which the
destruction of the tissue was most extensive. The hearts
wWere subsequently examined by Koch, who was able to report
the presence of a circumscribed lesion in the node, and in
one case an almost complete destruction of the whole of the
nodal tissue. In other cases only the superficial fibres
were destroyed; but in all a lesion of some degree had
been produced.

Of great importance in the problem of the relation of
the nerves to the end-plates of the heart are the investi-
gations of Rothberger and Winterberg. Their experiments
carried out almost at the same time as those of Flack and

quite/
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quite independently, point to a confirmation of the latter's
suggestion that the right sympathetic is closely associated
with the function of the sino-auricular end-plate while

the left sympathetic exercises a dominating influence on
the function of the auriculo-ventricular end-plate. Their
observationg, however, indicate more far-reaching con-
clusions, for +hey found that while stimulation of the

left sympathetic could give rise to an auriculo-ventricular
rhythm, that is to an almost or completely simultaneous
contraction of auricles and ventricles -in which the
contraction was believed to originate in the auriculo-
ventricular node, this rhythm could be abolished and
replaced by a normal rhythm by Stimﬁlation of the right
sympathetic. It sometimes happened as in the case of
Flack's experiments, that unequivocal results could not

be obtained. Stimulation of the ieft sympathetic might
fail to produce a simultaneous rhythm. In such cases a
cooling of the sympathetic supply to the sinus node not
infTGQuently admitted of the production of an auriculo-
ventricular rhythm when the 1éft sympathe%io was gtimulated.

These varying results in some of their experimehts the

authors attribute to a mixing of the fibres of the right
Qand left sympathetic branches. They were unable to
'obtain conclusive results from similar experiments with the
vagal branches, a fact which may also be due to the mixed

character/
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character of the nerves.

Further discussion of the function of the sino-
auricular end-plate will be deferred until the experimental
evidence as to the possible functions of the auriculo-

ventricular system has been described.

EXPERIMENTAL, EVIDENCE OF THE FUNCTION OF THE AURICULO-

VENTRICULAR END-PLATE .

The interest which surrounds this question is
historically bound up with observations which have been
nmade on the heart since the classical researches of Harvey.
Harvey observed that between auricular and ventricular
contraction there was a pause, and noticed that occasion-
ally several auricular contractions might be followed by
only one ventricular contraction. The transmission of
Waves of contraction along tissue was studied by Romanes
in the embrella of the jelly-fish, and his observations
formed the starting point of Gaskell's well-known work
on the heart of the lower vertebrates. Gaskell showed that
the propagation of a wave of contraction from the great
velns through the heart to the arteries depended upon the
integrity of the muscle tissue, along which it passed, and
in the mammalian heart Wooldridge and Macwilliap came to
the conclusion that the ventricular beat was oonditioned
by the influence of the preceding auricular beat. The

more,/
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more recent work on the relation of ventricular to

auricular systole naturally began with the discovery of
Stanley Kent and of Hisg, that the mammalian auricles and
ventricles were connected by a strand of muscular tissue.
Although he had not as yet submitted his anatomical
discovery to experimental investigation, His suggests

the question "whether this bundle really conducts the
gtimulus from auricle to ventricle". In the following
year, however, he was able to state from.further examination
that "the bundle provided not only an anatomical connection
but also a physiological connection between auricles and
ventricles. Through the left auricle of a rabbit he passed
a small knife and made an incision, which divided the

septum in the region of the bundle, producing auriculo-
ventricular dissociation. In 1904 Humbelt destroyed the
bundle in the perfused heart of a dog and produced a
dissociation of the cardiac rhythm. In a subsequent series
of experiments he ligatured the bundle in seven perfused
hearts, and in each case obtained dissociation. 1In an»
eighth case, dissociation resulted before the application

of the ligature.

It cannot be said, however, that conclusive proof of
the necessity of an integrity of the bundle for co-ordinated
cardiac movement had been given before the publication of
Héring's observations. Hering killed his dogs with ether

and/
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and then having removed the blood from the heart he made
an incision through the bundle and subsequently perfusing
the organ through the aorta he found that the auricles
and ventricles contracted each regularly, but in complete
dissociation. From his curves he was able to demonstrate
as a result of his incisions that:-
1. The auricles contracted more frequently than
the ventricles, but both contracted regularly.
2. Spontaneous or artificial contractions do not
pass from auricles to ventricles or vice versa.
3. The ventrioies now contract automatically, as do
the auricles.
The hearts were examined by Tawara, who was able to state
that the»incisions had produced a discontinuity of the
bundle fibres. Through these experiments then, proof wag
afforded that the bundle in the dog's heart preserved a
functional connection between auricles and ventricles, and
1t was natural to suppose that since its presence had been
demongstrated in the heart of other mammals and in man, that
in these cases also it fulfilled a similar purpose.

Almost at the same time Erlanger published the results
of his experiments, which were performed also on the heart
of the dog. In his first experiments he attempted to
ligature the heart in situ, but only in one case out of

Seven was dissociation observed. In the subsequent experi-
nents he employed a clamp, but only in two cases out of

seven/
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geven was he successful in producing dissociation. He
then had a clamp made specially, the lower blade of which
was fashioned in the form of a long-shafted fish hook bent
at right angles. He introduced the hook between the
pulmonary artery and the aorta into the left ventricle, and
then passed the point of the hook into the septum below
the bundle posterior to the region of the pars. The
blades of the clamp could be tightened as desired, and the
bundle in this way exposed to varying degrees of pressure.
In seventeen experiments he succeeded in brodueing dissoc-
iation in sixteen instances. The hearts were examined by
Retzer'who found that in every case in which the rhythm had
been disturbed the bundle had been damaged. These experi-
ments were confirmed and extended in later publications by
Erlanger and Hirgchfelder .and by Erlanger and Blackman.
Tabora working in Hering's laboratory, followed
Erlanger's methods and confirmed his results. He believed,
however, that the incision method was preferable to that of
clamping in that the technique was more exact, and the
general damage to the heart was not so extensive. At the
Ssame time the clamping method had the advantage of allowing
& graduated interference with the function of the bundle,
Whereby it was possible to produce first of all a partial
elimination of ventricular systoles, and later with
firmer pressure aboomplete dissociation. Tabora in

addition/
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addition administered digitalin and found that it
increases the disturbance of the rhythm which had already
been induced by slight pressure.

More recently Cohn and Trendelenburg have carried
a very extensive series of investigations on the
perfused heart. They used the incision method to interrupt
the course of the bundle. Experiments were performed
succegsfully on 29 cats, 4 rabbits, 17 dogs, 2 apes,
and 4 goats. When the results were communicated to. the
Physiological Congress complete serial sections had been
examined in 14 cases. With the cat and the rabbit it

had been found that there was no well-defined line of

Ok

incision, which in every case could be relie% on to give
rige to dissociation. This conclusion was based on the
microscopic examination of serial sections from 6 cats and
3 rabbits. The fdilure to produce dissociation in these
cages 18 attributed to the fact that strands of fibres
were found to descend from the node or main bundle into
the right ventricle before the bundle entered the septum
fibrosum. On this account it would, they say, be im-
pPossible to produce by a single incision, a complete
interruption of the auriculo-ventricular fibres.

It might be well at this point to refer to the fact
that other observers have contended that section of the
bundle in the rabbit may not be followed by dissociation.
Kronecker and Busch ligatured the bundle without producing

dissociation,/



dissociation, but they do not give anatomical details.
Paﬁkal ligatured‘the bundle in 24 rabbits, and came to the
conclusion that when the bundle alone is caught no
dissociation follows, but when a considerable amount of
the surrounding tissue is included the rhythm is dis-~
turbed. Pankal's communication is accompanied by
several drawings and curves in support of his contention.
With regard to thege equivoeal results in the oasé
of rabbits and cats, it must be borne in mind that the
hearts of these animals are comparatively smali, and it
must be a matter of extreme difficulty to include the
bundle in a ligature or incision on every occasgion. In
proof of this, may be cited the early failures of Erlanger
who worked first of all with ligatures and failed to
obtain successful results, and then with a clamp, which he
had to discard in favour of a specially devised instrument.
I can confirm the presence of.the early descending fibres
from the node into the right ventricle in the hearts of
rabbits and of rate, but I should not be disposged to
believe that such fibres could assume the function of the
whole auriculo-ventricular extehsions in almost every
rabbit, without there being some dislocation of the cardiac
rhythm. If partial destruction of the bundle produces a
partial dissociation of auriculo-ventricular contraction
it is difficult to see why complete section of the bundle
does notlat leagst produce a certain degree of disturbance

rin/
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in the rhythm. Withoutlmore definite evidence I am
disposed to believe that where dissociation has not occurred
the bundle has not been completely severed. The problem
however, requires further study, and could be readily
solved so far as the early descending fibres are concerned
by means of the electrocardiogramn. For Eppinger and
Rotherger have shown that when the right branch of the
bundle is cut the ventricular contraction begins in the
left ventricle, and the form of the electrocardiogram
is that of a left ventricular extrasystole, whereas when
the left branch is cut the ventricular contraction
beging on the right side and the form of the electro-
cardiogram is that of a right ventricular extra-systole.
If it be the case in those rabbits that the bundle has
been severed, and that the continuity is preserved by
the fibres, which descend directly into the right ventricle,
then the ventricular contractions would be found by the
electro-cardiogram to be exclusively right ventricular extra
8ystoles.

The experiments of Cohn and Trendelenburg on the hearts
of dogs, apes and goats, fully confirmed the earlier
results obtained by Hering and others. They are all the
more convincing in that the evidence as shown by curves
and microscopic examination is practically complete.

As evidence of the extreme importance of comparative
dnatomy and physiology in the study of this as ofrﬁ}anohes

ot/
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of medical science, is the fact that Gaskell's original
obgervations on the heart of the tortoise have been con-
firmed in another respect in the mammalian heart. In
fact, it is pbssible to detect Gaskell's inspiration in
all the recent work on this subject. In the incision
"experiments of Hering, and Cohn, and Trendelenburg, and
also in the clamp experiments of Brlanger it was found
that where the section of the bundle was incomplete or
where the pressgure was not extreme the dissociation was
partial . As already stated the device adopted by
Erlanger rendered it easy to expose the bundle to varying
degress of pressure, and he found as did Gaskell that
there might be:-

(1) an increase in the interval which normally‘toccurs
between auricular and ventricular contraction,

(2) an oocaéional elimination of a ventricular systole
after an guricular systolé.

(3) a regular recurrence of eliminated ventricular sy-
stoles, that is the abgence of every tenth, ninth,
eighth, seventh, sixth, fourth, or third ventricular
systole, although the auricular series of con-
tractions was complete.

(4) & failure of the ventricle in its response to alter—
nate auricular beats, that is the establishment of
a 2 : 1 rhythm, when the auricle beats twice as

rapidly/
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rapidly as the ventricle.
(5) a response of the ventricle to every third beat of
the auricle, that is a 3 : 1 rhythm in which the
auricle beats three times as rapidly as the
ventricle.
(6) a complete dissociation between auricular and
ventricular contraction, that is when both
adrioles and ventricles beat regularly, but each
pursues an independent rhythm.
Although the evidence of experiment is convincing in
regpect of the oontehtion that a disturbance of co-ordination
in the aurioulo—ventrioular‘rhythm is usually associated in
experimental cases with partial or complete destruction of
the bundle, this must not be taken to mean that any and every
interference with the bundle will produce dissociation slight
or complete. Destruction of a small part of the bundle may
be produced experimentally without any interference with the
rhythm and either of the main branches may be severed without
affecting, so far as curves can show, the co-ordinated
contractions of auricles and Ventriolesﬁ There is in the
bundle, as in every other organ in the body, a certain amount

of physiological reserve whereby it is enabled to perform
its/

X .
It is posgible to demongtrate the section of one branch
by the eleotrocardiuymm.
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its functions, in ordinary circumstance, to all appéar-
ances normally, even although there be a slight variation
from its normal structure. It is important to bear this
in mind in view of the fact that unwarranted significance
is occagionally attributed to "fibrogis" and "small
collections of lymphocytes" in hearts which are the
subject of pathological examination.

But more important than this is the converse, namely,
that auriculo-ventricular dissociation may occur in
the absence of any demonstrable lesion in the bundle or
its main branches. It may be brought about, (1) by the
injection of poisons, for example by digitalis, adrenalin,
aconitine, muscarine, or physostygmine; it occurs (2)
88 a physiological condition in hibernating animals; (3)
1t has been found to supervene in experimental asphyxia;

and (4) it may follow stimulation of the vagus.

X
AURICULO-VENTR ICULAR DISSOCIATION PRODUCED BY POISONS.

The most important work on this subject is that which
has been done by Cushny, and his pupils. He has found that

by the administration of aconitine the normal sequence of

events /

, | '
* I have avoided the use of the term‘'heart-block through-
out Qgg whole discussion, because it presupposes a definite
and #proved relation of ventricular to auricular con—
traction. Tt means, as it is employed in the literature,
that disgsociation cannot occur so long as there is anatomical
and functional integrity of the Jjunctional tissues.



- 170 -

events in the cardiac cycle can be so upset that almost
every form ofclinical irregularity can occur. The
conditions which predispose to the occurrence of one form
of irregularity in preference to another under the influence
of aconitine are unknown,sand are probably to be referred
to the accidental affinities for the poison possessed by
the important tissues at the time of administration. In
any case Cushny found that the intravenous iri,jection of

0'2 mg. of aconitine into a dog in 0°05 mg. does produce
irregularity of the heart as a rule, and that in some cases
the irregularity had the form of auriculo-ventricular
dissociation. An increase in the interval between auricular
and ventricular contraction was very often seen, in some
cages the interval which is normally 0-1 sec. in the dog
might be increased to 0-3 sec. The interval might be so
long as to give the appearance of a reversed rhythm, the
ventricular systole beginning just immediately before the
next auricular one. A common form of irregularity was
the 2 : 1 rhythm in which the auricular fate was twice that
of the ventricular; on the other hand a reversed 2 : 1
rhythn might occur 'in which the ventricular rate was twice
that of the auricular. In some cases the auriculo-
ventricular interval would increase with each beat until
the Ventricular contraction would drop out altogether;

the interval following the elimination of a ventricular

Systole/
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gatole would be very short, fhe next orie longer and so
on wtil the series terminated again by the elimination
of another ventricular beat; this is a well-known clinical
phenomenon, and it is important to recognise its occurrence
in scute poisoning. In two experiments there was complete
- digsociation, the auricles and ventricles beating in in-
dependent 'rhythms. A point of particular interest, ahd
which will be referred to later, in discussing a case
of digsociation in diphtheria (p.%%') is that under
sconitine the independent ventricular rhythm was much
quicker than it 18 in cases where the bundle 1is incised
or clamped; in Cushny's cases the ventricular rate was
slmost as great as the auricular rate.
Cushny and Tabora have each published evidence of
the i‘nfluence of digitalis on the auriculo-ventricular
rhythm, and James Mackenzie has long ago established the
fact that similar phenomena occur in connection with its
¢linical administration.
AUiIQULQ;\ZEﬂlliI_Q_‘lJL__AR_.DISSOCIATIOI\I IN HIBERNATING ANIMALS.
This interesting phenomenon has been described by
r, Florence Buchanan. The observations were made on
‘dormice by means of thé capillary eleotrom'eter. It was
fond that when the animal was very torpid, showing no
Signs of respiratory movements for several consecutive

il .
utes, ang having a pulse frequency of from 12 to 30 a

Binute, /
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pinute, the records showed only ventricular effects;

the ventricular systoles occurred at irfegular intervals
and the slower the pulse the greater appeared to be the
irregularity . Dr. Buchanan believes that the auricles
were either at a standstill or that the movements were

very slight because the distance between the ventricular
beats on the record was so great that had there been any
ordinary auricular contractions they would have been

shown. This conclusion was further gupported by the

fact that when the ventriculdr rate increased to about

40 per minute well marked auricular effects appearg but

8t longer intervals than the ventricular effects. With

& further increage in the wventricular rate there was a
corregsponding increase in the auricular rate until when
the ventricles were beating at 100 per minute the auricles
showed practically the same rate. On more than one occasion,
however, and with different dormice the auricles did not
Overtake the ventricles until the rate was about 300 per
Binute.  When once the auricular rate overtook the
ventricular rate, and passed it, it never fell behind again
Xcept for a few beats at a time. The auricular rhythm
Va3 less regular than the ventricular rhythm until the
latter Wasg ovértakenb, but while being overtaken the
"entricular rhythm was apt to become very irregular, one

or .
Dore ventricular gystoles being dropped here and there,
. Yhile/
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while the auricular systoles continued, giving the records
the sppearance which is familiar in cases of complete
dissociation produced by vagus stimulation in other mammals.
Eyen when the two series were nearly at the same rate they
were, as8 a rule, absolutely independent of each other,

now the one and now the other being accelerated or retarded
for a few seconds . Occasionally the auricular rate would
be brought into co-ordination with that of the ventricle;
then there would occur a series of beats in co-ordinate
rhythm, but with a gradually ihcreasing interval between
guiricular and ventricular systole until ari auricular beat
would occur without a corresponding ventricular beat:

this is the phenomenon described by Cushny and referred

to above in the description of the effect of aconitine.

In Chapter I, reference was made to the evidence from
comparative anatomy and embryology of the deeply seated
relation between the heart and the lungs; and this was
¢ited later when objection was taken to the use of the
tern 'antomatism' in connection with the cardiac con-
tractions . There could be no more conclusive and illumin-
8ting evidence on this point than that which is afforded by
Dr. Buchanan's observations of the relation of the respirat-
0Ty to the circulatory movements in hibernating dormice.

The TeSpiratory rate was found to increase as the cardiac

00 : _
Mractions became more frequent. TUntil the heart rate
Teacheq / '



reached 200 per minute, the respiratory rate was more.

or less the same as the auricular or ventriculé;r rate.
When the breathing was of the Cheymne~Stokes type the
auricular contractions were absent during each period

of apnoea, apparently disappearing just before the apnoea

pegan and reappearing just before the breathing commenced. .

‘Simultaneous respiratory and ciroulatdry records were not

taken, but Dr. Buchanan points out that 1if the observat,ions
as to the precise time of onset of apnoea and its exact
relation to the disappearance of the auricular contractions
be correct, it would suggest that it is those changes in
the blood which are known to affect the respiratory centre
which are first aireotly or indirectly resp'onsible for the
presence or absence of the auricular oontraot-i‘o‘ris in the
deeper stages of hibernation. The fact that the auricular
beats disappeared before tvhe dyspnoea ceased and reappeared
before the stage of apnoea was at an end, rénders it impro-

beble that the mechanical effect of the respiratory

. ovements had influenced the appearance of the auricular

contraction by increasing the intra-auricular pressure.
¥hatever be the explé,natioh of’ the phenomenon the fact
remains that it demonstrates the close relationship if not
the identity of some of the influences, which control the
Te8piratory and circulatory movements.: |

'AMUL\O—@EEICULAR DISSOCIATION AS. A RESULT OF EXPERI-

ENTAL, ASPHYXTA
L" - The/ |
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The occurrence of auriculo-ventricular dissociation in
experimental agphyxig has been studied by Lewig and Mathison
They found that if a cat be asphyxiated for periods varying
from 1 - 7 minutes, a successive series of changes takes
.ple,oe in the character of the cardiac rhythm. Within
.one, two or three minutes of the ongset of asphyxia the
interval between auricular and ventricular contradtion is
_increased; uwltimately this increase leads to the eliminat-
im of & ventricular systole; in some instances, the
records showed that the interval might increase, so that a-
certain auricular contraction occurred simultaneously with
the ventricular contraction of the previous cycle. Sub-
gequent to the elimination of a ventricular beat, and the
resultant long pause, the interval abruptly becomes very
short, and then goes on increasing to repeat the whole
Process.» ‘'With the deepening of asphyxiation the stage of
Prolonged intervals between auricular and Veritricular
fystoles is succeeded by a rhythm in which every alternate
ﬁuricular 8ystole is followed by a ventricular systole;
finally the rhythm passes into one of complete dissociation,
In which both auricles and ventricles beat regularly, but.

& independent rates, which bear no simple numerical

felation to each other. As a rule, when artificial respira-
tion hag peen established, a rapid and complete recovery of
the Hormal rhythm ensues even from the most complete degree

of 41 - A
Uissociation. The disturbances of the rhythm produced
byl ‘
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py agphyxiation are thus seen not to differ materially
from those described in aconitine poisoning» and in

hibernation.

DISTURBANCE OF AURICULO-VENTRICULAR CO-ORDINATION BY

VAGAL, STIMULATION

The influence of stimulation of the wvagus on the
movements of the heart in the lower vertebrates was the
subject of very extensive researches by Gaskell. That
agpect of the subject which concerns us here, has referehqe
only to the "depreseion of conductivity",through the
Junctional areas between the cardiac chambers. Gaskell
found that as a result of vagal stimulation such depression
took place "at the two natural blocking points", namely,
the sino-auricular and auriculo-ventricular Jjunctions.

In his experiments with the suspended heart he frequently
Obtained, on stimulation of the vagus, especlally in the

’ase of the crocodile tortoise and snake, an absolute
standstill of both auricles and ventricles, although the
8Ins continued to beat regularly. "In these cases it was
berfectly clear upon inspection that the contractions of

the sinus stopped absolutely at the sinoé\-—aurioular junction
8nd did not pass into the auricle.” Before referring to
the influence of vagal stimulation on the sequence of

Vents in the mammalian cardiac cycle, reference nmust be

g .
de to g very important feature of Gaskell's preliminary
ObserVatiOns/
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observations on this gubject. He recognised the necessity
of separating the inhibitory- from the accelerating fibres

in ;che f‘i‘og's vago~accelerator nerve, in order to obtain

the pure effects of inhibitory action. He demonstrated the
gtriking contrast between the effect of stimulation in the
frog a8 ordinarily given, and that of its two components,

the intra-cranial vagus on the one hand, and the sympathetic
on the other, and also the great variability of the results
obtained by simultaneous stimulation of vagal and sympath-
gtic fibres in the same nerve. This is confirmatory of the
view put forward with regard to the variable results

obtained by Flack and by Rothberger and Winterberger, which
have been described in the discussion on the function of

the sino-auricular end-plate (p.1%9). It was there suggest-
eéd that the mixed character of the nerves and the irregul-
rity of their branching and inter-communications afforded
&1 explanation of bhose results, which were apparently
tontradictory . There were three outstanding phenomena in
®mection with his stimulation of the intra-cranial vagus,
Which struck Gaskell as being of special importance.
Desc:fibing the effects of gtimulation of tke intra-cranial
8US, be says:- "In the first place I have been able to
tain abgolute standstill with a strength of current
immensely Weaker than what is required to obtain the slight-

&8
t effeot when the vago-augmentor nerve (that is, the mixed
nerve)/ /
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perve), is stimulated. In one case the strength of

ourrent was as weak as is just necessary to cause con=-
sraction of a striated muscle upon stimulation of its
mtor nerve, the secondary coil being at 35 c.ms. from the
prinary with one Daniell cell; at the distance of 12
cws. from the primary it was just perceptible to the tongue.
In the second place, it is astonishing how long the standstill
sometimes lasts after the stimulation is over. Thus one
of iy tracings shows that a stimulation of the intra-cranial
vagus, lasting thirty-eight seconds, caused the suspended’
hesrt to remain absolutely still for 290 seconds, that is,
for 252 seconds after the stimulation had ceased. In the
third place, it is possible to keep the heart absolutely
8ti1l by means of continued stimulation for a very much
longer time than is possible when the vagus is stimulated
in the ordinary manner. Thus, I have kept the heart ab-
Solutely quiescent for as long a time a8 28 minutes by
'oontinued stimulation of the intra-cranial vagus with a weak
stimlus (second coil between 12 and 11 cms. from primary)" .
These observations of Gaskell are given in some detail
because they make it obvious that stimulation of the vagus
88 it ig usually carried out in experiments on the mammalian
Beart, give 1ittle or no indication of the manner in which
the heart, is affected by vagal influenoes‘ of pathological

0ri oy . : . : .
1gin. A disturbance of the cardiac action due to nervous

Lrritation/
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irritation must take place as the result of stimulation

of isolated nerve cells, connected with a few fibres;

these isolated ¢ells form part of a reflex arc, the

afferent fibres to which run from the region in which the
irritating cause is situated. A pathological reflex
stimulation may be purely vagal in character. Prom the
complex character of the vagus in the mammal there is no
experiment, which so far can be said to give an indication
of the reflex irritation, which in this way arises from

the selective stimulation of the intra-cranial vagal

fibres. A very striking example illustrative of this

poir;t is described by James Mackenzie. He observed that
swallowing, which even in normal conditions is recognised
to have an inhibitory effect on the heart's action,

, broduced an elimination of ventricular systoles 1in a
patient, who had previously shown from the .reoor’ds, an
increagse in the interval between auricular and ventricular
tontraction. In this case the g_fferent fibres in the
I’eflex. arc of deglutition had ‘al\.s.o stimulated some of the
®lls of the vagal centre. In the same way irritation
from the stomach gall-bladder, urinary bladder, ﬁrethra,
Ste. may ooc;asion an interference with cardiac action such
8 could not pe reproduced experimentally by stimulation

0 . .
T the vVagus nerve which as a single nerve possesses

Wtually antagonitistic properties in virtue of the
Lixed/
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’mixed character of its fibres.

It has been shown, however, that experimentally the
gtimilation of the vagus in a dog may produce a rhythm in
which the auricile beats twice as rapidly as the ventricle,
gnd in which this rhythm began with the onset of vagal
stimulation and continued while the stimulation lasted.

In other cases there may be a sudden standstill of the

whole heart. On the removal of the stimulus the auricle
commences to beat first, and after an interval greater

than the normal auricuylo-ventricular interval the ventricle
beats; following the next auricular beat there may be

no responge from the ventricle, but the auriculo-

ventricular interval gradually diminishes until the heart
resumes its normal rhythm.

While the experimental production of complete
dissociation by vagal stimulation in the otherwise uninjured
Demmalian heart is difficult or impossible there is.sufficient
evidence to ghow that, where the auriculo=ventricular end-
Plate has been partially destroyed or rendered inefficient
by incision or clamping with a consequent slight inter-
ference with the normal rhythm, a complete dissociation may
be induced by vagal stimulation. This is of great clinical
mportance a8 indicating the complex character of the
¢ircunstances, which have to be taken into account in the
Malysis of discociation as a manifestation of disease.

It is Practically certain that vagal irritation is never

B Pab1e /




}t’/l%l} -— Bentry VA . / A&J }h <of .
/§0F Xevu [},34‘:
Sy - pr( } . B 4. Fheot.

- JSes T P F3

- t
¢ o Dot i
; AR joinii ot
<£:; o O
- S i { .
el
g .



- 181 -

capable by itself of producing complete and prolonged dissocia-
tion. In this connection it is interesting to note that
digitalis, according to the investigations of Gaskell,

Tshora, and James Mackenzie may increase a condition of
digturbed rhythm already present, and that etropine, a drug
which is supposed to have a paralysing effect on the vagal
endings, may antagonise the effect of the digitalis. Atropine
however, has never be_en known to affect a dissociation which
hag been prolonged and complete. On the other hand, cases

are on record in which atropine has antagonised the effect of
digitalig; in Volhard's case atropine abolished an increase
of disturbed rhythm which had been produced by digitalis;

end Rihl records a similar effect.

The various conditions which conduce to auriculo-
ventricular dissociation have been fully discussed in order to
Iphesise the fact that this phenomenon is not in every
¢linical case to be attributed to a lesion of the auriculo-
entricular end-plate. In some casges it may be the result of
Whait night be termed "an experimental pathological lesion".
Cas§s in which the bundle is traversed in its whole diameter
oy & completely destructive lesion are beyoﬂd question; and
1t ig Practically certain that no such lesion can occur without
®solute digsociation. On the other hand in acute toxic
Uigease Such as diphtheria, the presence of 'small round
%lled infiltration' in scattered foci in the node or bundle

i . .
& lesion, the significance of which it is impossible to

determine/
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deternine, especially sin€@in such cases the remainder
of the cardiac muscle 1s invariably affected to a greater
or lesser extent. This will be referred to later (p36 ).

THE CARD IJOMOTOR _FUNCTION OF THE AURICULO-VENTRICULAR

END~PLATE .

It is oﬁ-vious from the foregoing considerations that
there is a sense in which the end-plate acts as a oonduotihg
nechanism, Its interruption is followed by an interference
vith the auriculo=~ventricular sequence. Whether it con-
ducts an impulse or impulses from auricles to ventricles o‘r
from the node (which from its morphological characters and
staining properties and absence of glycogen in obviously
& special and distinct part of the end-plate) to the ventricles
it is impossible so far to say. The influences in the node
or main bundle, which determine ventricular oontraotion pass
domn in the two main branches which go to the right and left
ventricle regspectively. When the left branch is cut the
right ventricle contracts first and the left ventricle |
follows; when the right branch is cut the left ventri-ole
tntracts first and the right ventricle follows (Eppinger and
ROthbeTger)- A very interesting confirmation of this
Particular Tunction, of the connecting muscle is seen in
the cagse of the bird. It was pointed out by Dr. Jane
Bobertson ang myself that in case of the bird's heart there

W
% no bundle of His, and no subendocardial network round
the/






the papillary muscles in the left ventricle corresponding

to that found in all other animals with four complete

cardiac chambers. Nor was there any cylindrical extension
of the auricular o‘anal into the ventricle, such as is

present in all cold-blooded vertebrates. On the left side
the auriculo-ventricular muscular extension had become

completely atrophied, and the left auricle was separated

~completely from the left ventricle by a ring of fibrous

tissue. On the right side the auricular canal had not

become invaginated to the same extent as on the left

side, and the auricular extension into the right ventricle
reneined in the form of a large muscular valve on the

parietal side of the orifice. There are no papiliary
mscles, (pe—===F. In the heart of the pigeon a small

leash of the original auriculo~ventricular fibres ere w
preserved at the posterior end of the valve, where it is
sttached to the auriculo-ventricular groove near the
interventrioular muscular septum, and just below the opening
of the left superior vena cava (coronary sinus), which in.
the bird also lies near the venous base of the right
Yemtricle. This is the only musoular connection, which we
fowd to exist between auricles and ventricles, and it is
Peeuliar in thig regpect that the bird would appear to be
e only verteprate in which the auriculo-ventricular

00 L
Mection ig confined +to one side, (viz: the right side)
ot/ '
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‘of the heart. We expressed ourselves with reserve as

-regards the possible function of this small connecting bundle
in a8 much as it appeared to us at the time not to differ in
gtructure from the ordinary cardiac muscle, and its fibres
sppeared Lo become continuous immediately with the ventricular
mgecle at the right venous ostium.

Any doubt as to the importance of its presence was
goon dissipated by the experimental investigations of Flack
who found that the inclusion of this bundle in a ligature
passed a little below the summit of the base of the ventricle
led to complete auriculo-ventricular dissociation. The
experiments were carried out in such a way as to make it clear
that this was the only part in which the connection between

prtagrned
aricles and ventricles prewexrged the physiological con-
bimuity.  In the first place, isolated ligatures were passed
round the whole auriculo-ventricular connection, and it was
only when this last portion was ligatured that allorythmia
¥e8 produced; and in a second series it was found that a
Single ligature in this region resulted in dissociation.

A further confirmation of this interpretation of the
Peculiar anatomy of the bird's heart came from Dr. Florence
Buoh&na,n’ who had carried out a series of investigations
¥ith the Ccapillary electrometer. . She found that the effect
Produced by the bird's heart differed from that obtained from
81 other vertebrates examined (reptiles and mammals). This

di
ference she correlated with the absence of papillary
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 mseles on the right side. But if we consider the results
o Eppinger and Rothberger in this context a further light
pey be thrown on the subject. They 'found, as we have sgeen,
that section of either of the main septal branches of the
auriculo~ventricular end-plate did not result in dissociation
put that & difference in the electrocardiogram effect was
produced, which indicated that on section of the left branch
the ventricular contraction began on the right side and vice
versa. Dr. Buchanan's electrometer records suggest that in
the bird's heart, as in no other vertebrate heart, the
ventricular contraction commences normally in the right
ventricle. How far this short leash of fibres in the bird's
heart may ultimately be found to differ from ordinary cardiac
mscle is a subject requiring further investigation. I have,
8ince our first examination of the anatomical side of the
problem observed the presence of nerve cells and nerve fibres
sccompanying the small bundle, but more than this it is
Impossible to say at present, except that the relative short-
lesg of the connecting pundle in the bird is in marked
Contragt with that observed in other vertebrates, and is of
Perticular importance as we shall see in regard to the
uestion of .the cause of the interval, which exists between
Wricular and ventricular contraction in all normal hearts,
(b.111 ),

While then there is & sense in which the functional

tig ) .
Sues between auricles and ventricles possess the properties

of .
L6 : conducting mechanism, there has been attributed to them
a0 Cher ,
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‘ mmhm?fﬁnction of perhaps even greater importance, that

of originating the stimulus which produces ventricular
contraction. It has alfeady been pointed out that before
the digcovery of the sino-auricular end-plate both Aschoff
and Tawara looked upon the node which they described as the
centre of automatic cardiac movement. They did not mean,

&s has so often been believed and misunderstood be%ore and
gince that time, that at this point the heart began to con-
tract automatically and without any directing impulse from

an extra-cardial source; but they regarded the node as a‘
centre from which a wave of contraction was first propagated
through the auricles, and then through the bundle and

its branches to the ventricles. When the presence of

the sino-auricular end-plate was established beyond doubt,
the idea that the "lower structure" was a organ which
gererated stimuli to contraction receded into the back-
ground, and it was looked upon by clinicians espeoially,more
8 an organ which carried into the ventricles the impulse,
Which, generated in the sino-auricular node, had been con-
Veyed to it during contraction through the walls of the

ight auricle. Tt has as a matter of fact, been demongtrated
% We have seen that the right auricular muscle which con-
tracty first lies in the region of the sino-auricular end-
'phme,so that there is no question in normal circumstances

- of i : X - .
& Stimulug affecting auricular contraction arising 1in
the/
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| the aurioulo-—ventrioular node. As usually ooﬁoeived, the
sequence of events in the cardiac oyoleﬁ begins. with some
impression on the auricular tissue round the simo—auric_ular
end-plate determining the commencement ofvaurioular
contraction; the stimulus to contraction is propagated

slong the auricular muscle and passes along the node and
bundle and through its branches to the papillary muscles of
the ventricles, which in their_turn“are stimulated to con-

. fract. There is thus a continuous passgsage of the ‘stiinulus
slong & substratum of muscular tissue from-the entrance of
the superior cava to the basal attachments of the aorta -and
pulmonary artery. The interval which normally occurs
between auricular and ventricular systole is attributed to a
depression in the rate of conductivity through the aurioulo—
- ventricular functional tissues; and this depression in

the rate of conductivity finds its explanation in the
strustural character of the connecting muscle, which is said
to have retained not only the histological features, but also
the physiological properties of embryonic cardiac muscle.

The outstanding difficulty in the acceptance of ‘this
"lew is that these functional tissues do not, as we have
Seen, Dreéent the characters of embryonic muscle; and even
If they did, it would be difficult to believe that tissue

Whi : . , . .
°hoonly in virtue of its nicroscopic appearances resembles
*Wryoni o/
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embryonic tissue would in the adult possess the functional
properties of that tissue. Admittedly the fibres of
the bundle in some animals possess few fibrils relative
to the amount of their sarcoplasm, transverse striation
may be practically abscent, and the huclei may be round as-
contrasted with the elongated nuclei of ordinary cardiac
nuscle. But in the human subject the tissue of the bundle
does not resemble crmbryonic tissus even in these respects:
In addition to this, there is the fact that the auriculo-
ventricular end-plate has a rich and independent nerve
supply, which can be traced into its extensions into the
ventricles. Where there is a resemblahce to embryonic
tissue the structure of the bundle presents histological
features akin to those of nerve and of muscle but differing
from either. It may be said to be more closely related on
the whole in its appearance to the structure of Sherrington's
muscle gpindles.

If the end-plate be considered in its whole extent, it
does not, Present on its auricular side the"appeaiance as
If it were so related to the auricular muscle as to be the

direct means of transport of a stimulus coming from the

Tibres of the contracting auricle. That there are auricular
Tibres which preserve & structural and muscular continuity
between the auricle and the node, there can be no doubt; |
but these fipres course through a loose space surrounding

the/
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the node, a space which is occupied with varying amounts of
fat and a large number of lymph channels. The whole
sonformation and structure of the node relative to its
grromdings gives one the impression that here as in the
cage of the sino-auricular end-plate a new seriesg of
phenbmena begins, and that this end-plate bears the same
relation to the ventricles that the other has to the auricles.
The significance of this suggestion will be realized
when it is remembered that in discussing the origin and
relations of these structures, it was pointed out (p.130),
that the one end-plate occupied a site relative to the
right superior vena cava (right Duct of Cuvier), which the
other occupied relative to the coronary sinus (left superior
vena cava or left Duct of Cuvier). It was further suggested
that in each end-plate part of the structure described as
the sino-auricular nodal ring in the bream was represented.
In support of this contention it is necessary here again to
revert to the important experiments of Rothberger and Winter-
berg, | We have seen (p.1%¥%), that they found that the right
Sympathetic is clogely agsociated with the function of the
sino-suricular end-plate while the left sympathetic is
a880ciated with the function of the auriculo-ventricular
*id-plate. It was found that stimulation of the left
Smpathetic could in some cases give rise to a rhythm in
Which the auricular and ventricular contractions were practic-

ally Simultaneous; whether by this means the stimulation
of/
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of the node had effected an elimination of the sino-
aricular effect or whether it had counterbalanced the
inhibitory effect of the vagus on the nodal tissue of the

arriculo-ventricular system, it is difficult to say; in

any case it was Tfound that a simultaneous stimulation of

"the right sympathetic abolished the effect of the stimulation

of the left sympathetic, so that a normal rhythm was again

egtablished. It happened that in some cases in which

“stimulation of the left sympathetic failed to produce a

simltaneous rhythm, if in addition to the stimulation of

the left sympathetic the right sympathetic were cooled,

that: rhythm could be induced. As has been repeatedly

pointed out, it is extremely difficult to obtain uniform
resulty in experiments with the ncrves going to the heart,
on account of the varying complexity of their content and
arrangements, but these investigations make it clear that
the end-plates are structures through which the nervous
control of the heart is exercised in part at least. The
lemner in which that control is exercised, and the nature
of the control has not been determined. In a broad way
the Sympathetic fibres have an accelerating and augmenting
Influence on the cardiac beats, while the vagal fibres have
b slowing and depressing effect. The cardiac movements
8¢ 1ot controlled by nerves in the same manner as the
fovements of the skeletal muscles. The heart can be

isolated/
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isolated from its extracardial nervous i'elations and con-
tinue to beat rhythmically. But an isvola.ted heart beats
| less frequently than the same heart in its orgaﬁio

relations. Severed from its inhibitory centres it beats
more rapidly; 1if in addition the accelerators are

elininated it beats more slowly. If first of all the
gecelerators are excluded, the rate diminishes, and if

then the vagal fibres are cut the rate may increase slightly.
But in addition to the effect on rate, the elimination of
nervous influence affects the strength or tone of the
in_dividual contractions. Section of the vagal nerves is
followed by a shortening of the period of contraction of

both auricles and ventricles, and a.iso by a shortening

of the interval between the contractions, so that generally
8peeking, the rate of conductivity is ilqdreased; at the
vS&me time the strength of the contractions is apparently
inoreased; if now the rate be increased by artificial
stimulation there is a corregsponding diminution in the
strength of +the contractions, whereas, according to Hering,
If the rate be increased by section of the vagi, there is

10 such diminution in.the strength of the contractions.

These conclusions are in accord with the results of Gaskell's
fesearches by which it was demonstrated that in the tortoise
the Primery action of the vagus on the cardiac muscle

Tesulted in g depression of all the properties which he

i~ L 8Tbitrayily /




i

- 192 -

arbitrarily attributed to cardiac muscle in general; it
produced & depression of rhythmicity,exeitability, con-

duetivity, contraction, force and tonicity. The primary

eotion of the sympathetic was antagonistic and oppesite to

the action of the vagi.
But even when it is suggested that these nervous
influences are communicated to the cardiac muscle through

the intermediary of the end-plates, the difficulty still

renains of explaining the manner in which co-ordinated

riythm is maintained. It would appear thé,t the mutually
antegonistic influsnces of vagus and sympathetic play upon

the two end-platés in harmony, and that there is normally a
balance in the influences exerted by the one node on the
auricles, and by the other on the ventricles. There are

thus two primary considerations to be kept in view in analys—
ing the functions of the end-plates; first, the balance
between the two end-plates, themselves, and secondly, the
balance between the accelerator and depressor fibres in

¢ach end-plate . Stimulate the left sympathetic, (Rothberger
énd Winterberg), and either the balance between the two

Nodes in‘destroyed, or the balance between the sympathetic and
vegal Supply to the auriculo-ventricular end-plate is destroyed
i the result is a dislocation of the co-ordinate sequence

T auriculer and ventricular contraction. This would

Indicate that the correlasted sequence of events in the cardiac

Cyele/
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eyole depended not so much on the auricular muscle between
the two end-plates and on the propagation of a stimulus
through that muscle, as on the balance of the nervous
influences, which affect the two nodes independently.

In support of this contention might be cited a case
reported by Manokeberg in which tumor masses occupied the
interavricular septum between the coronary sinus, and the
auricular ventricular node, (but not invading the latter)
thug intercepting the wave of contraction on its route
from the superior cava to the auriculo-ventricular end-—
plate; in this case there was no interference with the
sequence of events in the cardiac cycle. It would, how-
ever, not have been too much to expect that &f the node
depended in its function for’ the recepiion of such

stimuli from the auricular muscle, in this case, some
disturbance would have resulted; more.es:pecially as ‘the
hypothesis on which thiz conception of cardiac rhythm

1s founded demands an integrity of the muscle tissue in
these parts where the amount of muscle is attenuated as
It 15 in the interauricular septum behind the node.

VENTRICULAR EXTRA-SYSTOLES :

_Further evidence in support of the view that the
8o . ]
Tloulo-ventricul ar end-plate acts independently of the
auri { . . .

Ticle 15 to be found in the relation of the vagus to the

¢ling ] . .
hical phenomenon known as ventricular extra-systoles.

I/
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[ an aware that Hering and Lewis have laid great emphasis
on the Tact thav these ventricular premature contractions
oceur under suitable conditions "when all nervous connections
petween heart ancd central nervous system have been gevered",
and that they have regarded it as of primary importance to
S“SEW\
search the heart and not the nervousAin the patient, who is
gubject to these disturbances, The actual condition of the
heart is not a matter which affects the present argument; it
is readily granted that a pathological condition of the
organ may be in most, if not in all cases, a necessary pre-
dispesing element in the production of <the phenomenon; but
vhat 1s of importance is the fact, demonstrated in a recent
communication by Rihl, one of Hering's collaborators, that
Y ) )
extra-systoles may be exeited by pressure on the vagus.
The extra~systoles are evoked some time after pressure is
plied, and may not appear until pressure is removed; the
D@nwmnon may occur quite independently of the inhibitory
DL Ky 3
tilect of the nerve on the heart rate. It may give rise
v,

W ventricular or auriculo-ventricular that, simultaneous
turioular and ventricular) extra—systoles, and occasionally
When the systol - . . s - R

vstoles occur in serieg their elimination may be
e“-{.\ B
“itcted by pressure on the vagus. Ba#er states that
pressure on t1 . . .

ne cloged eyes may very occasionally give rise

to extra_s _t .1 1 . o N

y8toles, and also to slowing of the pulse. The

lnferenOe fI‘ ) a e 4 . 1 9 . l .
om these obsgervationsg ig that the ventricle 1is

Influenceq /
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influenced by the extracardial nerves through the
awriculo-ventricular end-plate, and without the inter-
vention of the auricle. When that influence manifests
itgelf in the form of a rhythmic anomaly, such as an
extra-systole, 1t is due to a disturbance in the balance
of the mutually antagonistio nerve forces acting on what
are perhaps pathologically hypersensitive tissues in the-

heart.

TRIPLE RHYTHM : That type of cardiac arfythmia known as
regular irregularity, in which the racdial beats occur in
regularly recurring groups of three, may be interprete"d

- on the agsumption thaﬁ the auriculo-ventricular end-plate
s concerned in its prqd‘action; and that the ventricular
contractions are in part at least determined by the
influence of that end-plate without the intervention of
the sino-auricular node and auricular contractions. The
cheracteristic Ffeature of the majority of these cases of
S0-called "triple rhythm" is that an extra-systole with

& compensatory pause fo’llows on two normal ventricular
bests, which occupy & normal relation to the preceding
fricular contractions; +the auricular rhythm is normal
Md every third auriculax contraction occurs at & period
When the ventricle is already under the influence of the
extra,-SyStole. Lewis nas come to the oonolusioh, wnich
Is in perfect accord with my interpretation of tine anatomical
elations of the end-plate to the ventricles, that these

. l“ema,tu_fe /
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"premature ventricular contractions arise as a rule in

the special tissues wnich unite the auricular and
ventricular musculature". It would seem, therefore, that
in these caseg of triple rhythm with normally beating
auricles and abnormally beating ventricleg, we have to

deal with a phesnomenon winich suggests an influence of the
guriculo=-ventricular end-plale acting independently of

the sino-auricular end-pla_te. The cagses occur not in-
frequently in the oonvaglescent stages of the acutle infeotions
ghd the arrhythmia is of a transient nature and possesses
no serious prognostic significance. In what particular
pert of the tissues, which co-operate to produce a normal
rhythm, the pathological interference takes place, it is
80 far impossible to say. It may be in the vagus fibres,
but, the effect of administration of atfopine or vagal
Pressure on the condition has not so far as I know, been
described. It may be that the end-plate itself is the
¢at of the abnormal condition, or on the other hand,

the ventricular muscle may be in a condition of metabolic
Instability, or the cavities may be in a state of hyper-
distension from laxity of their walls.

SINUS BRADYCARDIA:  Another instance of a type of cardiac
irreglﬂarity which may be interpreted on the supposition
that the two nodes act in co-ordination independently in

8 , , .
de degree, of the auricular tigssue, and are correlated in
their/
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their function through the nervous system is that of a

case of paroxysmal bradycardia, recently described by
laglett. In this case there was & complete irregularity

of the radial pulse associated with perfect co-ordination

of the auriculo-ventricular rhythm, except for occasionally
interpolated extra-systoles of the ventricle. The

feature of the cage was a paroxysmal slowing of the heart
rate during which the patient suffered from giddiness,
weakness, and a feecling of lassitude. The length of the
cardiac cycle was at times two seconds, and where there

were extra-systolss it might extend to three seconds;

after a prolonged intermission of this oharaote:rj the length
of the cycles gradually diminished. A series of cycles

fron & tracing during a paroxysm shows their duration to

be 2, 1.8, 16, 13, 126, and 1°8 seconds; this represents
i average pulse rate of 37:6 per minute. An interesting
ad important point is that, although there was such a

Berked depression of the beat rate, there was no prolongation
of the interval between a,urioulai’ and ventricular contract-

lons;  the interval as shown by the records was invariably

% sec, It is generally accepted that a slow rate of heart

beat ig accompanied by a slowing of the rate of conduction
0

T the Wave of contraction or stimulus to contraction from
¢ end of the heart to the other; this is an outstanding

i ,
Stance of the fallacious conclusions which might be
draym / ' ‘
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drawn by regarding 'conductivity' as a property of cardiac

mscle on which an analysis of arrhymias can be based. If

in Laslett's case the conductivity in the auricles was

depressed, as on general grounds there 1s every reason to

pelieve that it was, it is perfectly clear that that

depression of conductivity in no way interfered with the

normel interval between auricular ar;d ventricular contract-

ion; in other words the time that clapses between auricular

and ventricular contraction is dependent upon the integrity

of the auriculo-ventricular end-plate, a normal condition

of its regulating nerves and the influences which affect

them, and & normal response from the ventricular muscle with

which the terminals of the end—plat'e are continuous; whather

mscle is depressed or increased is a matter of no importance.

It i, of course, recognised that in this particular case

the conductivity of the auricles might be‘ depressed by the

influences which produced the arrhythmia without at the same

time effecting the ventricular muscle; for Gaskell found

that in the reptilian heart generally, the effects of vagal

stimulation were, as a rule, confined to the auricles. |

Bt this would be further proof in favour of my contention

et the auricular ‘end—platé acted independently of the

Yave of contraction, which passed along the auricular fibres.
The irregularity in this case was certainly determined

% some unusual influences affecting the sino-auricular end-

blate only, Simultancous respiratory curves showed that

to)
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it differed from the sinus ifregularity in youth described
py Mackenzie in that its onset showed no relation to the
povements of respiration. That it was vagal in origin,
although predisposed to by exertiop, there can be little
doubt, in as much as the administration of atropine at

3 time when the pulse was slow and irregular., produced an
increase in the rate to 78 per minute with a total dis—v
aopearance of the arrhythmia. Finally the question arises
88 t0 the manner in which this case demonstrates an extra~
miscular co-ordination of the two end-plates through their
nerves , while it is probable that the auricular tissue had
little or no co-ordineating influence. I take ‘it that the
presence of a normal auriculo-ventricular interval indicated
the integrity of the auriculo-ventricular énd—-plate, and

that this end-plate at least was not being subjected to the
impression of abnormal vagal stimuli. The appearance of
ventricular extra-systolss during the long pauses are to

b regarded as an attempt on part of the normal vagal
influence on the ventricles to compensate for the abnormal
vegal influence on the auricles. A normal rhythm is

8¢Cured, ag I have pointed out by a balance of the influences
Which control +the end-plates. Up to a certain point the
Wriculo-ventricular snd-plate was able to adjust itself to
e ebnormal sinus efrects, but when complete adjustment
failed» that failure expressed itself in the form of

Ventricular /
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ventricular extra-systoles originating in the end-plate.

The &mual point at which the stimulus producing the extra-
systoles originated 1is difficult to determine While the
dinminution in the blood supply to the ventricles as a con-
sequence of the extreme slowing of the heart's contraction
nay have produced a certain degree of irritability in the
ventricular muscle, it is likely that the determining

stimuli were of supreventricular origin. In order to
estimate the value of this suggestion regarding the increased
irritability of the muscle it would have been necessary to
know whether the extra-systoles occurred towaras the end of
the paroxysms whan the lack of sufficient nutrition made
itgelf felt, or whether there was a greater disposition to
their appearance after a series of paroxysms closely follow-
ing one anoth=r. The stimuli may have been of extracardial
vagal origin and occasioned by the influences which affected
the sino-auricular end-plate; on the other hand, they may
have occurred apart from extracardial influences as such
®Xtra~systoles are a frequent occurrence in the perfused
heart. Laslet.'s case was the subject of a vesical

caleulus; it was the attacks of colic duc to this con-
dition of ths urinary system of which she complained, and
although she had suffered from giddiness and weakness, she
bad never had any gymptoms referable to the heart. Laslett,

was/
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yas at first inol‘ined to attribute the bradycardia +o

vesiéal irritation, but as the paroxysms continued after
removal of the calculus, he gave up this view. It is
seareely justifiable to express a contradictory opinion on
the condition of a patient whom I have not examiﬁed, but

I would sugges£ that in the absence of the evidence of a
source of vagal irritation in any other paft of the body,
one is gtill driven to the conclusion that after all the
original irritation of the urinary tract may have continued
o be the determining factor for some‘time after the

source of that irritation had been removed. The presence
of the calculus and its concomitant inflammation might not
only heve besn the immediate cause of vagal irritation, but
it may also have been responsible for the production of a
condition of irritability of the vagal centres associated
Wth the urinary tract, and that irritability may heve
alterwards responded to stimuli which without the original
tondition, would not have produced any abnormal effect.
Nervous irritapili ty 18 not infrequently a constitutional
®ndition which remains in abeyanoe in the absence of
xiraneous sources of excitement, but when once it has been
%alled into activity the instebility is increased and stimuli
of & more delicate character or fe&m a different source, may
Wfice to give it a symptomatic expression.  Under any
Cireunstanceg thig case is important in as much as 1t

*lphagigeg /



enphasises the necessity of looking for and treating
sxtracardial sources of cardiac irregularity, even although
s diseased heart may be the necessary pathological sub-
stratum on which these extracardial influences pley in ths
production of the symptoms. It is & well known fact that

in operative procedure, dilatation of the urethra or anal
sphincters, or excision of the knee joint, may, even when

the heart appears to be normal, be productive of a dangerous
depresgsion of the circulatory system, which manifests itself
in extreme slowing or quickening of the cardiac beat'wif,h
occasionally an almost imperceptible pulse at the wrist.

It is much more likely that if the heart be already diseased
the incidence of irritat‘ion from these and other similar
Sources may give rise to profound disturbances of the cardiac
action,

ol FCARDIO—MO'HEOR INFLUENCE OF THE VENTRICULAR PORTION

% THE AURICULO-VENTRICULAR END-PLATE.

The preceding considerations meke it manifest that the
wriculo-ventricular end=plate provides not only an anatomical
&nd Physiological basis of the auricular and ventricular
‘“Umection, but that it possesses in it‘self cardio—-motor
“otiong in the same sense in which these functions have
been seen to belong to the sino-auricular end-plate. There
1§ no Question of an 'upper' (sino-asuricular), and 'lower'
(&uriculo—ventricular) node; there is no precedence of the

. One/
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one over the other exce;bt in the matter of time, and
there is no subjection of,thé 'lower' node to the 'upper'
node except in the sense that the influence of the former
ig normally exerted later in the cycle in the interests
of co~-ordinate action.

There remainsg for consideration the question as to
the influence of the ventricular extensions of the
auriculo-ventricular end-plate after they have been
severed from their connection with the node on the
arricular side of the fibrous septum. When complete
dissceiation has been produced by incision or by clamping
of the bundle, the ventricle after a pause proceeds to
best slowly and regularly. The ventricular rate in the
huran subjéot when the bundle has been intercepted by
disease is on an average about B30 per minute, although it
Bey be under 20 and over 40. It has been concluded fron
¢lectrocardiogram effects that the course of the wave of
tontraction in the isolated ventricle (that is where the
bundle is severed) ig the same ag that in which the normal
terdiac rhythm is preserved. It has also been found that
When the ventricular portion of the end-plate has been
Isolated it does not undergo atrophy. Hence the idea that
1solated portions of the nodal tissue continue to exercise
 effect on the rhythmic contraction of the muscle, and
that 80 long as the complete ventricular extensions remain

int &t/
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intact in a case of complete auriculo-ventricular
gigsociation the rhythmic contraction of the ventricle
4ill remain normal so far as the course of the contraction
gave 1s concerned, only the rate of contraction will be

reduced.

e ORIGIN OF PREMATURE CONTRACTIONS: The problem of

" locating the site of stimulus formation in cases of

premature contractions (extra-systoles) is a very diffioult
one. At one time it was believed (Hering) that anomalous
contractions both of the auricles and ventricles might
origingte in a focus of irritation in almost any part of

the cardiac musculature, (ectopic beat formation). It

wes, however, congidered highly probable that in many
instances the stimulus originated, in the nodal tissue or
part of the nodal tissue belonging to the two end-plates.

A third possibility which was entertained was that

'embryonic rests of the sinus venosus lying in the posterior
Wells of the auricles might be the site of origin of these -
contractions, when they occurred in these chambers. With
regard to this latter possibility it has already been
Pointed out that the sino-auricular node or end-plate is
10t en 'embryonic rest' of the sinus walls, and that so

far no masses of tissue which could be described as such
have been observed in the auricular walls, and that in any
C8se, even if +there were,it is highly improbable that they
%ould possess physiological properties enabling them to

Initg ate/
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initiste cardiac contractiong. The idea that any part of
the heart wall can become a centre of ectopic impulse
formation is based on the physiological property of cardiac
‘muscle, which enables it even in gmall strips, free so far
s one knoWs from nerves, to contract rhythmically under
guitable conditions, for example, when exposed to a certain
degree of presgsure. The problem cannot as yet be regé,rded
ag finally set:-led, but practically all the evidence points
t0 the conclusion that premature contractions originate

only in the central fibres or in the fibres of distribution
of the end~-plates. A very important contribution to the
golution of this problem has been made quite recently by
Levis and Silberberg. Premature contractions may be
giricular or ventricular, and their incidence and type may
be recognised on polygraph tracings. It has been found as
& natter of experience that the majority of patients who
Persistently suffer from this form of irregularity show
either the suricular type only or the ventricular type, a
ixed form is very seldom seen in the same case. Electro-
tardiographic examination, however, presents a much more
&curate end precise means of ascertaining the nature-of the
‘ntraction. "It may be taken as a general rule" according
0 Lewis and Silberberg, "that the outline of the electro-
Strdiographic curve, whether it is associated with an
“riculsr or with a ventricular beat, is an index of the

direction /
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direction teken by the contraction wave in the corresponding
meoulature. It is consequently an index of the points

of origin of such contraction waves. Now premature con-
tractions give rise to electric curves which when compared
vith thee of the rhythmic beats, are usually of anomalous
form, and the variation in the types found in conjunction
with premature contractions arising in auricle or ventricle
respectively is considerable. The assoclation of the
particular anomalous complex with the point of origin'of

the beat to which it is due 1is not fully understo&d; that
is to say, the points of origin cannot be accurately

located at the present time; but this minute localisation
doss not concern us. We are content to start from the con-
clusion that in the single patient a given type of electric
complex represents a definite course of the contraction

Veve, and that such a complex indicates the origin of the
cohtraotion at a definite point or in a definite area known
0r unknown" . These authors examined three cages showing
Premature auricular contractions, and six cases showing
Premeture ventricular contractions. The results obtained
Were very definite} and consta.nt,pointing to the general
nclusion, that in the same pé.tient the site of action of
the abnormal stimulus and the resulting form and course of
the contraction remsined the same in the same patient "from
8y to day, from week to week, from month to month, and even

fron year 1o year". The importance of the invariable

-.' Character /
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character of the results in the same patient is enhahced
by the fact that there was good reason to believe that in
gome cases there was a widespread disease of the cardiac
msculature; and 1t is highly probable that although the
gite of irritation and the consequent course of the
contraction wave megy have varied in different cases,

the sctual seat of the commencement of contraction was in
immediate association with some part of the end-plates.
Teking the six cases in which ventricular extra-systoles
were present, it was found that the electro-cardiographic
effects ffﬁ&f into three clagses, and that these three
clasgses were representative with very few exceptions of

& very large number of ventricular extra-systole effects
Trom an extensive series of other cases, which the authors
hed "examined. The three groups referred to are regarded
8 exhibiting:~ (1) @ases in which the extra-sgystole began

in the right ventricle and probably in association with

| the right brench of the end-plate; +this group included

the largest proportion of cases. (2) ga.ses in which the
eXtra~systole began in the left ventricle and prébably in
880ciation with the left branch of the end-plate; this
8roup comprised a slightly sméller proportion than the |
first group; and (3) Eascs in which the extra-systole would
8pear to have originated in the main mass of the end-plate;
this constituted the smallest group. The extra-systoles

#hich/
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shich find expression in auricular contractions probably
arise in agcocliation with the nodal tissue of =zither the
gino-auricular encd-plate, in which casge the contraction
my or may not resemble & normal auricular contraction
(zee p.*'4); or they may originate in associationwith
the nodal tissuse of the auriculo-ventricular end-plate in
the part designated the node, in which cases there may Dbe
expected a sinultancous or almost simultancous contraction
of auricles and ventricles. This classification of
extra-systoles ig not new; it was fore-shadowed some
years ago by James Mackenzie, who recognised the likslihood
of premature contractions finding their origin in some
irritation of the auriculo-ventricular node. |

The points whiéh have just been considered afford a
remerkable ingstance of the way in which clinical research
hes availed itself of the results of anatomical and
Physiological invcstiga.ti'ons. The conclusions must be
fegarded, as Lewis suggests, as tentative so far; . never-
theless it must be admitted that the rational basis on which
these types of cardiac irregularity can now be inter-
‘Preted 1s a tribute to the efforts of those who in late
Vears have pugied themselves with the problems of the
Yelation of structure to function in the domain of cardiac
Pathology .

It must be understood that this analysis of extra-

stoles, made solely from the point of view of their
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relation to the end-plates, does not take cognizance of

the multiple factors which may determine their occurrence.
for exanple, increased interventricular pressure may be

a exciting cause; when the aorta is clamped extra-—

gstoles occur (Hering). Retardation of the inflow of

blood to the heart by obstructing the 1é,rge veing may also
give rise to extre-systoles (Stassan). Ligation of

the branch of a coronary artery ig followed as a rule by
their occurrence (Lewis). They may also be induced by

the injection of certain poisons, more particularly /CMA"]/
digitalin, aconitine, adrenalin, muscarine, and physostigmine.
As we have pointed out above their incidence may in some
‘ca,ses be subject to affected by vagal influences. But
althbugh this great variety of contributing causes nay
participate in the production of the phenomenon, the
barticular point which it is sought to emphasise here,

Is the brobability that when premature contractions do occur
they occur in connection with some part of the cardiac

end-plates.

I PROPERTIES OF THE CARDIAC MUSCILE.

The property of the cardiac muscle which concerns
U5 & the present juncture is that in virtue of which it
Bnifests periodic variations of excitability. This is
the_outsta.nding physiological oharé,oteristio which distin-

8ushes cardiamc muscle from skeletal muscle. Any part of
the )
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the heart tends to respond rhythmically to a stimulus which
gets continuously. An instance of this is seen 1in the
gnail's heart, which 1f quiescent can be made to beat
mythmically by distending it. A small strip of muscle
from the wall of the ventricle of the frog or tortoise

ngy be quite motionless, and on being subjected to & con-
tinuous electric stimulus, such as that of a succession

of alternating induction currents following one another
'with very great frequency, it begins to beat rhythmically.
No satisfactory explanation has ever besan of‘fered of this
peculiar property. To say that it is because it cannot
be tetanised is merely to desoribe& it in other words;

the same thing may be said of the application of the term
'refractory' to the period between successive contractions.
It may be that the rhythmicity of the movements is in some
¥ey assoclated with the conditions of metabolism in the
structure. The cardiac muscle is in a state of almost
incessant activity; day end night, year ih and year out,
there is a constant demand on its functions, and the only
rest which it gets is that which oceurs between successive
tontractions in the rhythmic sequence. An indirect proof
of thig may be seen in the hibernating animals observed by

-

Ur. Plorence Buchanan in which the depression of physiolog-
Leal activity wag accompanied by profound changes in the
"Wihn of the heart. The anabolic and katabolic activities

oF the muscle are probably related to relaxation and con-

Nraction‘
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contraction respectively. The question now arises how it

ig that the contractions of the organ are related to

this fundamental property of its substance. It is well-

known that in the hearts of cold-blooded animals the response
to stimuli depends on the part of the organ to which the
stinuli are applied. If the external surface of the

auriculsr or ventricular wall of the heart of the tortoise

be touched with the point of a needle, a single contraction
will result. If the auriculo-ventricular ring be touched
with the slighteststimulus there occurs immediately a

rythmic series of contractions. If now the auricular and
Ventri'oula,r muscle on either side of the ring be explored

It will be found that there is a very sharp line of demar-
cation between those parts which resbond by a single
contraction, and those which respond by a rhythmic series. -
This phenomenon can be elicited equally well when the sinus
@d large veing and extra-cardial nerves and most of the ‘
Ctudal parts of the suricles have been removed. It will be
recognised that this sensitive ring ig the auriculo-ventricular
fodal ring in the tortoise and the homologue of the auriculo-
Yeitricular end-plate in the memmal. In the memmal its
Extensiong are spread all over the inner surface of the
Ventrioles, but it is not known in what degree its physiological
Properties in the mammal resemble those of the corresponding
vtissue In amphibians and reptilians. It is known that the

eng :
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endocardial surface of the mammalian ventricles is

jery sensitive to mechanical gtimuli, but whether this is
fobe sttributed to the network ramifications of the end - pblL
it'is difficult to say. If a strip of ventricle or auricle
yith & small attached portion of the ring be removed from
the heart of the tortolge, it will be found to beat rhyth-
nically on the slightest irritation of the nodal portion,
yhereas only a single contraction arises from a single
stimilation of the auricular or ventricular part of the
strip. It would be a natter of extreme Iimportance to know
¥hether in the human heart the presence of end-plate exten-
slons in excised portions of cardiac muscle exhibited any
difference in their rhythmicity to portions in which the
tnd-plates were not represented. Recent observations on
the hearts of a human subject, and of a dog, by Hering,

and anatomical examination of the same hearts by Koch would
tend to show that such a difference did really exist. In
these two hearts Hering had cut up the right auricle by
inCiSions extending in some parts from the superior oé.va.

W the auriculo-ventricular sulcus. The vakious pieces
Were, however, retained in comnection with each other, and
"th the whole heart. It was found in eash case that a
Particular portion of the nuscle preserved its rhythmic
Wiivity efter movements in the rest of the heart had

Ceaged. Hering suggested the possibility that these move-

ments/
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gents- might have been due to remains of the fibres of the

| <;riginal auricular canal round the right‘ .auriculo—-
ventricular ostium. But Koch was able to point out that
in each case the strip referred to conteined very congider-
gble portions of the sino-auricular end-plate. If it

could be shown that the presence of nodal tissue even in
igsolation from the end-plates endowed the ordinary muscle
yith which it was connected with special rhythmic properties
which distinguished it from the muscle, which contained no
nodal tissus, such a gonclusion might be of invaluable
service in elucidating the problem of variou.s forms of
cerdiac irregularity . We have suggested the probability,
based on experimental clinical, and anatomical evidence,
thet the eftopic impulse formation in premature ventricular
tntractions is associated with the extensions of the sino-
auricular end-plate. Premature auricular contractions
B8y be referred to similar anatomical conditions. Now, if
this hypothesis be found to be applicable in the analysis
of prematyure contractions, & very important light might be
trom on the paroxysmal té,ohyoardias; because the general
O?n<§1lls>ions to which the importaht work of Lewis on this

_ Subject pointg is that the paroxysmal tachycardias are

o reality g rhythmic seriesg of premature contractions,
°riginating in ettopic impulse formation. Some of the
Suricular tachycardias would certainly appear to arige from

- Bbnormal /
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gnormel influcnceg operating on the node of Tawara, and a
eage of this kind clinically diagnosed by Lewis and con-
ﬁmmdby anatomical examination ig described in Chapter V.
(pﬂ?). Some auricular tachycardias do not apparently

arige from ectopic beat formation in Tawara's node, and

. the electric effect would suggest that they do not arise in
the gino -auricular. Théde obviously is a diffioulty in the
scceptance of the anatomical hypotheéis that premature
contractiong arise in connection with nodal tissue, because

go far as is known the only nodal tissue in the right
suricle is that associated with the sino-auricular end-plate
and that which is represented by the auricular portion of

the auriculo-ventricular end-plate (Tawara's node). It may
be, however, that the auricular contraction depends upon the
lanner of escape of the impulse from the sino-auricular

node.  The invariabi}ity of the auricular electric effect

in the normal rhythm makes it practically certain that the
Slle portion of auricular muscle is the first to contract

In every normal auricular beat. This would suggest that

the node and direction of esgcape of the impulse never

Veries in normal conditions. We have pointed out, however,
that tne sino-auricular end-plate is in direct continuity with
Mﬁnme Cardiao andcaval musculature in a variety of places,
Wd it i3 not impossible that the direction of escape may be
adetel’mining factor in the production of premature auricular

. Cohtr o &
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contractions or cxtrasystoles, and therefore also in the
incidence of auricular tachycardiag of certain types.

Te course of the contraction wave through the auricular
mscle has not yet been definitely ascertained. But there
ig no doubt from Lewis' observations that if the contraction
yere to begin on the posterior wall of the auricle instead
of afiterior wall or suricular appendix, a different

electric effect would be produced.

As in every department of research Wwork conclusions
of this kind must be rsgarded ag tentative, but it would
seem hot improbable that the presence of nodal tissue is
an indispensable factor in the origin of premature beats
in &y given area of the heart.

No mention has been made of nerve supply in the
discussioﬁ of this particular point;  but from what was said
in 'the'anatomical description of the nodal tissue, it is
t&ken for granted that the nerves in the normal condition
txercige g predominating influence on the functions of the
d-plates, I would suggest, therefore, as a working
Wpothesis, that the functions of the cardiac muscle may be

"arded from the following points of view:-

1, - ,
The cardiac muscle, apart from nerves arid nodal tissue,

Nay contract rhythmically in response to contiguous
Stimula,tion; although 1t is not suggested that such

Properties/
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propertiesg may not be due to the accumulated and stored
effects of its connection with nerves and nodal tissue
through'the syncytial ramifications of the ordinary
cardiac muscle.
2, The rhythmicity of the cardiac muscle is enhanced by its

agsocliation with nodal tisgus. This would appear to

be the case even when suoh nodeal tissue is isolated
from the main mags of the end-plate as in idio-
ventricular rhythm when the auriculo-ventricular bundle
i8 gevered by experiment or disease. Separated from
the main mass portions of the end-plate do not undergo
degeneruation; they are geparate from the ordinary
heart muscle except at their terminals, but they have

& Separate blood supply, and have also a nerve supply
including nerve cells, which in some ungulates may be
demonstrated as far down as the papillary muscles.
Whether their anatomical integrity and partial funct-
ional activity 15 agsociated with the independent

action of these nerve cells is nbt known.

8. The inherent rhymicity of the cardiac muscle is Qontrolled

by its connecction with the end-plates and their nerves
of supply. The strength of the contractions and their
frequency is determined by the influence which spreads

from thege through the muscular syncytium on the

heart wallgs. It is possible that nerve influence

". nay /



- 217 -

nay act on the ordinary muscle directly, but there is
r;o conclusive anatomical or physiological evidence of
thig. It is more likely that every response to nerve
influence so far as it affects co-ordination comes
»through the end-plates.

On the basgis of these conclusionsg it is possible to

formulate shortly an hypothesis of the zo-ordinating functions

of. the end-plates.

1. Normally the two end-plates through their continuity with

| aurioulasr and ventricular muscle respettively exercise

& dominating influence on the potential rhythmicity of

the wally of these chambers. Their respective influences
are co-ordinated through the continuous efferent impress-
lons conveyed to them through their nerves of supply.

An interferencé with the normal oha.ra.o’ter of thesge

efferent impressions, with the structure of the end-plates
oOr with the metabolic stability of the ordinary cardiac
mscle may lead to an interference with the normal rhythnm
0f the heart. The balance of co-ordinated cardiac

action is maintained by a balance in the respective

influences of the two end-plates.

2,

Yormally each end-plate through its double nerve supply

from vugal and sympathetic sources exercisges a determining
influence on the rate and gtrength of the cardiac

Chambers/
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chsmberg with which they are asgsgociated. In a normal
rhythm & balence is maintained between the inhibitory
action of vagal stimuli and the augmentory action of
gympathetic stimuli; or stated from the point' of view
of nutrition by the anabolic influence of the wvagus,
which induces relaxation or rest and the katabolic

influence of the sympathetic, which induces activity.

| Any disturbance in this balance between the antagonigstic

nerve influences, arising in the nerves themselves, or

in thelir resgpective end-plates or ‘in the cardiac muscle

with which they are associated, may lead to an inter-
ference with the normal rhythm of the heart. The normal

activity of auricles or ventricles is maintained by a

‘ balance of the nerve influences which act on the two
nodes respectively.

8. There are thus in the analysis of cases of cardiac irre-
gularity from this point of view, four factors to be
considered; +the influences of the two end-plates, and
the two antagonistic influences of each end-plate. The
bathological activity of one end—plate nsy manifest

1tself in abnormal action of the other end-plate. Thus

When the sino-auricular end-plate is affected either
106a.11y or through its nerve supply the activity of the
Ventricles as determined by the auriculo-ventricular

end-plate /
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end-plate may be abnormal. (Experiments of Flack,

.Réthberger and Winterberg and Laslett's case of sinus
bradycardia, pp.idb ). The response of the auriculo-
ventricular end-plate is to be regarded in such cases
&8 evidence of an attempt to adapt or accommodate the

ventricle to the abnormal infTluences aéting on the

auricle.

4, It 18 posgible that the ventricular extensions of the

auriculo-ventricular end-plate may under normal con-

ditions influence the contractions of the auricles.

This was put forward as a hypothesis by Keith and myself

some years ago. It is supported by the fact that
'the ventricular branches do not undergo degeneration
when the main bundle is severed. Experimentally it
. | ot Sribell

18 supported by the observations ,on the heart of the
tortoise. When the auricles are cut away from the
ventricle so that the coronary nerve is the only
structural connection between the ventricle and the
8inus, the auricles continue to beat, while the
_Ventricle remains quiescent. Stimulation of the
GOI‘Onary‘nerve near the ventricle or of the ventriolé
itself in the neighbourhood of the attachment of the

nerve produces a slowing of the rate of beat, and of

the strength of the auricular contractions.  The

Strength/
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gtrength of stimulus to the ventricular muscle in -

guch cases is not necessgarily enough to cause con-

traction of the guiescent ventricle. The importance

of this observation i1s enhanced by the fact that the

structural relations of the coronary nerve and its

sccompanying specialised nuscle render it possible

&8 we saw in a previous chapter, that this structure

ney be agsociated with the pﬁyllogenetio development

of the auriculo-ventricular end-plate. It need
gcarcely be repeated that the demonstration of such

gfferent impulses doeé not involvé the idea of a

spinal reflex arc in the co-ordinating mechanism of

the cardiac rhythm.

It must be recognised that the functiong of the end-
Plates themselves are concerned only with one aspect of
the mechanism of accommodation in the heart. There are
Undoubtedly other nervous mechanisms of an afferent
Gharacter,oomparable with the depressor nerve in the
Mbit,  But these considerations demand more definite

Balysis than they have yet received, and do not come
Within

the scope of the present review. It nust, however,

b
° Once more emphasised, that no examination of the heart,

tlinfeal or pathological is complete unless it involves
3 o
Tecognition of the nervous system.

There are numerous other points which are naturally

SUggested /
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suggested by the interpretation of the end-plates which

has been given. Are the Tfunctions of the end-plates

" yelated to the refractory period of the cardiac muscle?

Is the refractory period determined with a view to the
anebolic recovery of the muscle after contraction

and in what way ig this related to the inhibitory action
of the end-plates through the vagus? These and other
associated problems of & very suggestive character must

be left for future consideration. There is only one

point in this connection to which I would refer. We saw
that the cardiac wave of contraction passes zlong the

wiole heeart from the veing to the aorta. It is supposed
according to the myogenic theory that in thé tortoise,

for exanple, this wave is regulated by differentiated
Properties of the cardiac muscle. But if we examine Qlosely
the hearts of those lower vertebrates in which a bulbus
frteriosus still remains as & definite structure, it will
b¢ found as illustrated in Fig. 2 , that the muscle of
the auricular canal is continuous with that of the bulbus,
Without any intervention of ventricular muscle.  From the
boint of view of nuscle conduction, the bulbus lies quite
 close to and in the same immediate connection with the

Sricular canal ag does the ventricle. The question arises
Why/
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yy it is that the ventricle normally contracts before

~ the bulbus’. There is no rehson if the theory of muscle
conduction represents the facts, why bulbus and ventricle
should not contract simultaneously. It has been explained
 that bulbus follows ventricle in virtue of the refractory
state of the muscle occurring at definite periods. But
what is the refractory period, and what influences control

it?
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CHAPTER V.

THE POST-MORTEM APPEARANCES IN 16 CASES OF CARDIAG
IRREGULARITY . "

While there is no denying the great advantage
yhich has come to the gtudy of medicine from the cellular
theory of pathology, it is a question whether through it
mich has been done to throw any light on the relation
of the symptoms of heart disease to the abnormal con-
ditions in the structure of the organ. The cellular
pathology has been concerned more with the changes in
individual cells, than with the cha.ng‘esv in the organs
composed of thesge cells. Cells are no doubt the units,
but their function individually bears only a remote
relation to the function of the organ, as a whole. The
literature of pathology%ounds in histological data, which
have practically no gsignificance in the interpretation of
the causes which produce the symptoms of heart disease,
¢loudy swelling, fatty degeneration, fatty infiltration,
and fibrogis, have been described in various cardiac
tonditions, but the extent to which these changes are
fesponsible for disease 1S a matter on which no definite

‘nclusion can be reached. For example, the most

dvenced cases of fatty degeneration of the heart occur

in/
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in scute states of phosphorus poiéoning, in anaemia and
in chronic toxaemias generally, but in none of these
cages is failure of the heart a marked symptom of the
disease. On the other hand, where valvularlesions are
present, and where there is great hypertrophy of the heart,
the amount of fat in the muscle is, in the majority of
cages, practically negligible.

I have examined a number of hearts from cases of
goute disease, and the result of this has been to fail to
find in the great majority of these cases, any clue to
cardiac failure in the conditioﬁ of the heart muscle,
end these were all cases in which it was believed
clinically that deathwis due, in the first instance, to
feilure of the heart. In eight cases, which died from
cute pneumonisa, there was no heart which showed
¢vidence of structural change, such as might account for
fallure of the organ to perform its work. In eme—aut
® 8ix cases of typhoid fever, there was one case in
Which the acute nmyocarditis was present. In this case,
fowever, an attack of diphtheria had pre@cgeded the onset
of typhoid fever by about three months. Four cases of
Wphus fever were examined, and in none of these did thé-
feart, shoy any evidence of structural change, beyond a
slight cloudy swelling, and some fatty degeneration.

Out/
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out of four cases cf acute rheumatism, there was one
in which there was an advanced myocarditis, and out of

four cases of diphtheria, there was three in which

 myocerditis was present. In each of these cases, six

- 10 ten pieces of muscle from various a.tﬁégk:; of the organ
yere examined . No gignificance can be attached to the
pregence of cloudy swelling or fatty degeneration, in asg
meh ag it 1s impossgsible to define the extent to which
this degeneration must be present, in order to interfere
With the normal activity of the organ. There can be no
doubt, that in practically every case of toxaemia or
tontinued fever, the heart muscle undergoes changes of this
tharacter in a greater or lesser degree, but it is remarkable
that these changes are usually of a}ransient character,

Neo
ad with-very few exceptions, leave,permanent results.

A
With regard to the anatomical oha.nées in chronic
_he&l‘t disease, the results of examination have been equally
insatigfactory . It is only in a very small proportion of
Cages of heart disease that genuine inflammatory conditions
“f the cardiac muscle can be regarded as a possible source of
the Cardiac weakness. The fibrosis which is not infrequently

¥Issent in cages of chronic heart disease has two sources.

the firgt place, it may be the result of previous
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inflamatory lesions, and, in the second plate, it may
pe the result of a degeneration of the cardiac muscle
| due to defective nutrition. Speaking generally, the
mmber of cages in which fibresis is due to defective
mtrition, is cut cf all proporticn tc the number in
which inflammaticn is the primary cause. With the
.. exception of diphtheria, and a very few cages bf acute
rheumatism, there is no infection which ags a rule attacks
the heart in such a manner as to leave its functions
lmpaired, by the production of a general myocarditis,iwm
Aptelel dogree, Acute rheumatism and some forms of
septicaenia may give rise to diffuse degeneration of the
cardiac muscle, but in the great majority of rheumatic
hearts, there is no evidence from the inflammatory changes
in the muscle fibres to account for the cardiac weakness.
Where fibrogis is present in rheumatic hearts, it is
Situated for the mogt part, in the papillary muscles, and
In the posterior walls of the ventricles. Fibroid hearts
¥hich occur in advanced years, and especially in cases
of atheroms ang gyphilis of the aorta, are to be attributed
to defective nutrition, due to narrowing of the coronary
Arteries .

While the work of Krehl and Romberg, and the pupils of

the Leipzig Schocl, have done much to stimulate an interest
in/
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in the anatomical basgis of heart disease, it cannot be
socepted without further investigation tha,zcﬂ;;‘;ooarditis
ig a proninent factor in the pathology of heart disease.
Albrecht's researches have done little or nothing to
throw new light on the subject. Thig is probably due
to the fact that he carried on his work under a total
nisconception of the norma_l ana,toxﬁica.l character of the
mgele tissue of the heart. He regarded the cardiac
tigsue as being composed of parenchymatous cells and not
of & syncytium of muscle fibres, and he compared hyper—
trophy df‘ the heart to the cloudy swelling which occurs
In parenchymatous organs, sush as the kidney or liver.

With the appearance of the more recent advances in
qur knowledge of the anatomy and physiology of the heart,
new possibilities have been opened up with regard to the
interpretation of the structural and functional basis of
tardiac disease. The outstanding feature of heart disease,
% 1t is known clinically, is the irregularity of the cardiac
ation, Where weakness is present, it is not simply a
¥eakness of an irregular heart due tvo degenerate muscle, but
the weaknessis in most instances gsecondary to a disturbance
of the noymal sequence of evidence in the cardiac cycle, and
thig disturbance produces an interference with the proper
Writion of the heart (p.1 ). We have seen that the

*d-pl ateg which we have described, perform an important

N f 1
et on /
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funotion in the co-~ordination of cardiac action, and
possibly also in the adaptation of the heart to the
demands of the organism as a whole.

It is, therefore, in examination of cases of heart
disease, a matter of first rate importance to see whether
‘or not these end-plates are intact. We have seen, how-
ever, that the end-plates constitute only one part of the
regulating mechanism, and although our knowledge of the
nerve supply to the heart is still in a very unsatis-
factory condition, it is imperative that the main masses
of nerves should alsoc be examined. It is, of course,
algo important that the general condition of the cardiac
scle should be taken into account, because even although
the nerves and end-plates are healthy, regular and normal
tardiac action will depend also on a healthy cardiac
msole |

Before proceeding to describe the cases which have
been examined, I should like to emphasize a preliminary
tnsiderstion which should not be lost sight of in any
sitenpt to analyse the anatomical bases of a case of
tardiac irregularity. The work of Cushny on the effect
of POisons, such as aconitine, on the action of the heart,
Bakes it evident that where the patient has been suffering
from acute poisoning such as diphtheria, it should be borne
In ming that any form of cardiac irregularity may occur

~ Without,
—
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without structural degeneration of the oard:iao muscle.
Every foxrm of cardiac irregularity which has been

desoribed clinically, may be produced by poisons without

the concomitant prcduction of déﬂuse structural changes;

mut even where acute myccarditis is present, no conclugsion

can be drawn as to the relation of such structural changes

~to the form of irregularity which the heart may have

presented. For instance, it is not a matter of any

consequence in the interpretation of a particular form

of irregularity if the sino-auricular and auriculo-

ventricular end-plates be degenerate so long as the rest

of the cardiac muscle is degenerate also. In other words,

the Importance of a particular lesion in the interpretation

of an irregularity must depend on the localised character

of the lesion, and on the fTact that it is not accompanied

by diffuse degeneration in other parts of the heart. For

this reagon one is bound to regard many of the recently

Mblished cases of irregularity of the heart in acute disease

% being due to poisons, and as possessing little or no
mportance from the point of view of the problem of the

"lation of structure to function, (e.g. Heart-blcok and

n
Wal rhythm - Cowan, Fleming and Kennedy.).

CASES /
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CASES EXAMINED.

I do not priopose toc give an exhaustive clinical
acoount of the casges about to be described. I shall
cmtent myself with stating the nature of the clinical
condition which in every case was diagnosed by means
of the polygraph or elcctro-cardiogram or both, and I
an indebted to Dr. James Mackenzie, Dr. Lewis, and Dr.
FW. Price for all these hearts, together with the
notes on their clinical conditicn.

1. Three cases of auriculo-ventricular dissociation

were examined.

. Two cases were examined in which there was an
interference with the length of the interval
between auricular and ventricular con-
tragtions.

d. One case of paroxysmal tachycardia was examined.

4. Ten cases of auricular fibrillation were examined.

1. AURICULO-VENTRICULAR DISSQCIATION.

(8) Three cases of this condition were examined, and they
bomprised one cagse of diphtheria, and two cages in
4vanced years, with extremely slow ventricular pulse and
' ®plleptiform attacks typical of the Stokes—-Adams syndrome.
The interesting point about the case of diphtheria con-
8isted in this, that although the patient showed definite

dlSSooiation/



digsociabion with a regular and slow ventricular

rhythm, there was on anatomical examina.tion hot the
slightest evidence of lesions of the end-plates. The
ventricles were in a very advanced state of degeneration,(F; 17}
nore particularly in the region of the papillary muscles.
The nerves, although not examined exhaustively showed no
gigns of diseasge, although in the cardiac muscle the

lesions were most marked round the small vessels where

the nerves lie (F?ZG)The importance of this case lies in the
fact that we have here a condition of complete dissociation
without any involvement of the node or bundle. Whether

the determining factor in the condition lay in an undis-
covered lesion of some part of the nervous system, or in
the advanced myocarditis in the ventricles, it is impossible
to say. In any case as we have suggested 1t is not only
necessary that the end-plate should be intact, but the
Iervous system and the cardiac muscle, between which the
end-plate acts as an intermediary, must also be healthy

to seocure normal cardiac action.

(b)  The second case of dissocié.tion occurred in an old
lady of 72 vears, who for eighteen months had suffered

ﬁ‘om epileptiform attacks accompanied by a pulse rate

Varying from 18 to B4. The heart was small and slightly
8trophied. Beyond some culcareous deposits oh the bases

°f the cusps of the aortic valvegy and a diffuse thickening
of/ R
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of the pars membranaces septi, there was no evidence to

the naked eye of anatomical changes in the heart. The
nuscle on microscopic examination showed a slight degree
of brown atrophy. The arteries appeared to be normal.
Exanination of the auriculo-ventricular bundle showed

that it had been destroyed in its whole diameter in its
passage through the pars membraneacef. gepti. There can

be no doubt that this lesion extending from a general
involvement of the roct of the aocrta produced the

condition which was responsible for the dissociation.

Te sino-auricular end-plate in this case showed no
evidence of disease.

(¢) This case was a man of 55, who suddenly and without
any previous warning of heart disease took an epileptiform
attack. He was found on examination to have a pulse rate
of 26 per minute. For a year he sufrered from trangient
attacks of this nature with extreme slowing of the

Pulse which was never known to rise above 40 per minute,
and which on occasions was as low as 20. On post mortem
fXamination, there was no evidence of brain disea.se, and

‘ his heart was of normal size, and the muscle presented

% normal appearance to the naked eye. There was no
®vidence of abnormality in the valves or coronary arteries.
Mioroscopio examination showed the heart muscle to be
normal .  Examinabion of the auriculo-ventricular bundle

showed/
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showed that the node and main bundle were normal in their
whole extent. The left branch of the main bundle
imediately to the left of the pars membranaces septi

had undergone complete degeneration, and only a few

fibres of the right branch remained. No cause could be
found for this condition of the main branches immediately
after the point of division, but there can be no question
that their degeneration represented an anatomical basis of

the cardiac gymptomg from which the patient suffered.

2. CHANGE IN LENGTH OF THE AURICULO-
VENTRICULAR INTERVAL. '

Two cases were examined in which the length of the
arriculo-ventricular interval was abnormal. In one case
1t was lengthened ,reaching at times '3 sec. and in the
second case it was 05 to -1 sec. It has been assumed
that eny variation in the normal length of this interval
which ig represented on polygraph tracings as the space
between 'a' and 'R' is to be atbributed to some abnormality
of the aurioul:—ventricula.r Junctional tissues, that is, the
lode and main bundle of the auriculo-ventricular end-plate.
Vhen the interval is over -2 sec. it is supposed that the
bwndle has been partially destroyed; when the interval
'8 under .1 gec. it is supposed that the impulse to both

aur; . . . . .
Uricular and ventricular contraction arises in the region
of /
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of the auriculc—ventricular node or bundle; it has also
peen assumed that when the interval 1s between .1 sec.

and +2 sec. the focal origin of the stimulus to oori—--
traction lies between ‘the two end-plates in the auricular
mscle. These explanations are cobviougly based on the
results of experiments on animals. It is known that
partial destruction of the auriculo-ventricular bundle
produces a prolongation of the interval and that this
prolongation ig often a prembnitory sign of complete or
partial dissociation, and 1t has been tacitly assumed
that when this prolongation or incomplete digsociation
occurs it nust bé due to a lesion in the bundle. . 1In

the second place simultaneous contraction of auricles

and ventricle may be produced in cold-blcooded animals by
Irritating the auriouloéventrioular ring and the con-
clusion drawn from this has been that where such simul-
taneous contractions exist the auriculo-ventricular
Jmetional tissues must bé subjected to some form of
Irritation. In the third plaoe’, where the interval is
feither long enough to suggest disease of the bundle

Nor short encugh to suggest simultaneous contraction

' is supposed that a foecus of irritation is acting on
the heart and determining its rhythm somewhere between
the Sino-auricular .node and the auriculo-ventricular node.
The fallacy of this latber deduction is obvious in view

of/
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of the fact that the wave of contraction passes along

the auricular muscle at a rate at least of 3 metres

per secdnd, and such a rate is too great to admit of

any obvious difference in the auriculo-ventricular
interval even 1f the stimulus did arise in the auricular ‘
tigsue. We have also pointed out the great probability
that impulses to contraction arise both pathologically
and physiologically in the specialised tissue, and not

in the ordinary muscle nﬁ:—% or diseased.

(d) The first case was that of & Woman of 45 years

who suffered frcm rheunmatism and mitral disease. She
suffered from attacks of cardiac irregularity. The

pulse rate varied from 70 to 110 per minute and on the
polygraph tracings the a-c interval was sometimes -3 sec.
Administration of digitalis was followed by a dropping

of ventricula.r. beats, and on one occasion by a temporary
dissociation. Post—mortem examination showed the

beart to be enlarged and every chamber hypertrophied.»
There was shortening of the chordae_ tendineae, and narrow-
Ing of the mitral orifice. The other valves were health§.
The end-plates showed no sign of disease. The auricular
Muscle was not diseased. In this case the prolongation
°f the a~c¢ interval could not be accounted for by disease
of the j‘lmctiona,l tigsues.

(e) This was the case of a young man of 31 years with

~ Symptoms/
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of acute rheumatism and continuous fever. The pulse
ranged between 115 and 125 per minute, and was regular

in rhythm. The a-c interval ranged hetween 0-5 and -1
gec. The heart muscle was the seat of a diffuse
myocarditis, affecting the ventricle more particularly.
The aortic and mitral valves were covered with recent
vegetations. The siné—auricular end-plate was normal.
The nodal part and a portion of the main bundle was in
igolated places the seat of small round-celled infil-
tration of a lymphocytic type, but there was no exten-
sive destruction of the muscle tissue of the end-plate.
Iwould not attach any significance to the affection

of the end-plate in view of the extens.ive lesions in

the myocardium. The possibility, even the probability
that the interference with the a-c interval in this

tase was toxic in origin must be placed in the foreground.
The cagse must be interpreted in the light of Cushny's
beXPeriments with aconitine, and in the absence of elef‘oro-—
cardiographic tracings it is not possible to say that te
furicular contractions did not originate in the sino-
furicular end-plate. In the same catagory I would place
the gerieg of cases recently described by Cowan, Fleming
d Kennedy, in which these authors attributed an inter—
Terence with the length of the a—c interval in acute
ihfec:tioris to lesions in the auriculo-ventricular node

and/
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and bundle, although they themselves refer to generaliged
affection of the myocardium to which they appear to attach

no significance. To be of any value in the interpretation

of function a lesion in the heart must be localised and

mst occur in a subject not suffering from the effects
of acute toxaemia. Prolongation of the a-c¢ interval
hrodaca .
ngy be provEmsd by stimulation of the vagus (Lewis), and
ginultaneous auriculo-ventricular contraction may be
produced by stimulation of the sympathetic (Rothberger

and Winterberg) .

3. PAROXYSMAL, TACHYCARDITA.

Thig is a condition of extremely rapid action of the
heart,, which comes on in paroxysms. The rapid action
comnences suddenly and ceaseq suddenly, and in this
régpect it is to be distinguished from ordinarily extrene
repidity of the pulse.

(f) The case about to be described was that of a man of
6l years, who for six months had been suffering from
¥eakness and shortness of breath, which disappeared when
he lay down, and was but slight when he was in the
Tecunbent pogition. When standing he often felt very
glddy ang shaky on hig legs. He had had rheumatic fever
five years previously. On physical examination, the heart
¥es found to be enlarged, and the pulse was of the Corrigan
e,  There was a systolic murmur at the apex and a

disstolig /
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diastolic murmur at the aortic cartilage.

The irregularity of the heart consisted in frequent
extra~systoles and short pa:ro;tysms of tachycardia. The
irregularity was most marked when he was standing and
tended to disappear when he lay down. He sometimes lay
for hours without appreciating the presence of irregularity
but when he stood up the paroxysms and extra-systoles
returned. It was found that there was a critical angle
during the change from the 'horizon‘ta,l to the vertical
position at which the tachycardia commenced. FPirm
abdominal pressure with the hands or with a binder
preveﬁted the irregularity in the upright position. The
pulse between the paroxysms was slow and regular. At
times it was ws low as 37 per minute, and then a sinus

bradycardia was present. When extra-systoles were present

during the period of slow pulse they were of the auricular
type and some of +them were gupposed to originate in the

hode of the auriculo-ventriciular end-plate. During the
lormal rhythm the a~c interval was 0°2 sec. and during the
Paroxysms the interval was 0-06 sec. The case was exa.ﬁined
clinically by Lewis with the polygraph and the electro-
érdiogram and he came to the conclusion that during

the Paroxysms the impulse to contraction originated in

the node of the auriculo-ventricular end-plate, the

Eyurioular and ventricular contractions being practically

Simltaneous/.
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gimultaneous. The curves from the electro-cardiogran
also suggeéted that the impulse to auricular contraction
originated away from the sino-auricular node, and was

probably situated in the auriculo-ventricular node.

‘The cage is fully described by Lewis in Heart No. 1, p.

360, and his diagnosis was that this was a case of
pa.roicysmal tachycardia due to abnormal impulse formation
in the auriculo-ventricular node. The post-mortem
exanination showed a heart much enlarged and dilated in
all its chambers. It weighed 22 oz. There were recent

vegetations on the aortic and mitral cusps. The aortic

- cusp of the mitral valve was perforated, the perforation

being about 0-5 cm. in diameter. There was considerable
thickening and distortion of the cusps of the aortic
valveg. The arteries were normal. The cardiac muscle
Was normal except that there was hypertrophy of some of
the fibres in the right auricle, left ventricle and right
ventricle. The sino-auricular end-plate was normal. The
Bain branch and subdivisions of the auriculo-ventricular
end-plate was normal so far as could be made out, but
there wag slight infiltration and some destruetion of

the f(.zbres of the node of the auriculo-ventricular end-plate.
The infiltration was not very extensive, and was for the
108t part situated round the small vessels; Fig.29 shows

the degree of infiltration in a part where it was most
¥
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parked; PFig.l¥ shows the part of the heart from which
“the section was taken. Above the node, and in the
inter-auricular septum beneath the attachment of mitral
valve there was a considerable amount of inflammatory
infiltratAi‘on with destruction of the auricular muscle.
(Fig. 30 ). This inflammatory exudate was probably the
result of a spread of the process from the mitral valve
wvhose cusp was perforated. The question arises here
a8 to the interpretation to be put on these findings.
As Lewis anticipated, there was undoubtedly a lesion

of Tawara's ngde, although it is not very extensive, and
that lesion is to be explained on the assumption that it
spread from the valvular lesion. The case was a chronic
ome, and there is scarcely any question of a toxaemia
~here, although a perforated valve suggests a septicaemia
which, however, may have been in a chronic form. The
broblem to be solved is whether thig irritation in

the node and its neighbourhood was sufficient of itself
to convert a normal rhythm into a paroxysmal tachy-
¢ardia in which the sino-auricular impulses were

.neutralised, end the whole cardiac action was dominated

by the irritated auriculo-ventricular node. A very

portant factor in the onset of the paroxysms was, as
¥e saw, the state of the blocd pressure in the venous
cigtern. A low pressure in this cistern undoubtedly

+ eontributed/
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oontributed'to the onget of the attacks. This, however,
was notthe only cause in as much as during the slow
period extra systoles were present, and as we saw &

ginus bradycardia was occasionally in evidence. Thig,

of course, at once suggests that the sinp-auricular
end-plate ag well as the auriculo-ventricular end-plate
¥as involved in. the irregularity. But there was nothing
in the histological appearances of the gino-auricular
end-plate to signify disease. 8o far as could be

nade out the nervous structures in the heart were not
affected. Considering, however, that there was & sinus
bradycardia during the slow periods, and an auriculo-
ventricular tachycardia d}uring the ra.f)id periods, and
that the change from the one to the other was effected
through a variation in intracardial pressure, the idea
&t once suggests itself that there was some disloeation
of the balance betwe n the two end—-l‘)lates. An auricular
tachycardia may be observed in animals bled to death and
thig tachycardia may be replaced by a normal rhythm if
fluid be injected into one of the caval veins, so as %o
Inereage the intrar—m pressure. Again Rothberger
and Winterberg, a8 we have repea_’oedly pointed out, .were
able 4o Produce simultaneous auricular and ventricular
Sontractions by stimulating the left sympathetic. It

18 not, improbable that the irritation of the inflammation

~in/
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. 61w.mw;wQ»wmaQMhAﬂvdl
in the neighbourhood,\produoed an effect comparable
yith the stimulation of the left sympathetic and
that the lowering of intracardiac pressure was the

additional factor necessary to the onset of the paroxysms.

4, AURICULAR FIBRILLATION.

This oondition ig closely allied to tachycardia. The
auricles instead of contracting very rapidly do not
contract a.t‘ all;> they are in a state of tremor or
present evidence of undulatory movements. The ventricular
beats are very irregular in their incidence; it is

. Rnownn,
characterised by the type of the radial pulseAas irregular

irregularity of the heart. The diagnosis of fibrillation

of the auricles in these Forms of irregularity is con-

firmed by polygraph tracings; in these tracings the

"A" waves in the venous pulse are absent, and James
lackenzie advanced the Suggestion gsome years ago, that the
&U.riclgs were paralysed. Lewis disdovered that the
duricles were really in a state of fibrillation, and his
d_isoovery was confirmed independently by Rothberger and
Winterberg . The discovery was made by these.three
WOrkers by meang of the electro»cardiogram, and has now
been generally accepted. In the electro-cardiographic
’_Gra,oing the normal auricular effect is absent, and is
Tepresented by small movements, such as are obtained when

the/
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the auricles are experimentally exposed to the influence
of a faradic current and enter into a.state of fibrillat-
ion.

Four types of cases have been examined in which
auricular Tibrillation was proved to be present clinically.
1. Two cases in which the disease was acute and there
was evidence of vehous gtasis due to pulmonary
disease.

2. T™wo cases in which there was evidence of morelchronio

circulatory stasis.

3. Four cagses of long standing mitral disease in which
the fibrillation had been present for a considerable
period.

4. Two cases in which there was no clinical evidence of
valvular disease.

1. (g) This was the case of a child of eight years with
broncho-pneumonia. Eight hours before death the
pulse was irregular, and the venous tracings showed
no signs of an 'a' wave. Pést—mortem examination
showed great distension of the fight auricle.
Microscopic examination of the heart showed slight
¢loudy swelling of the muscle fibre. The end-plates
@ppeared to be normal. .

(h) This was a child of 6 years also suffering from

broncho-pneumonia/
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broncho-pneumonia. The polygraph tracings

indicated 12 hours before death a state of fibrillat-
ion of the auricles. Pogt-mortem examination showed
the right auricle and large veins to be greatly
distended. Microscopic examination failed to reveal
an abnormality either in the cardiac muscle or in

the end-plates.

(i) This was a case of bronchitis and emphysema

in & woman of 50 years. The pulse 8 hours before
death was rapid and irregular and the polygraph
tracings indicated auricular fibrillation. Post-
mortem examination gshowed bronchitis and emphysema

of the lungs with oedema in the dependant portions.
The right side of the heart was dilated‘and hyper-
trophied. There was considerable fatty infiltration
of the right ventricle. The muscle fibres showed
fatty degeneration. The end-plates appeared to be
normal. ;

(k) This patient was the subject of mitral stenosis
of rheumatic origin. Up till the day before death

it had been possible to obtain 'a’ waves on the
Jugular curve. These waves, however, disappeared and
the pulse became ver&irregular. Post-mortem examin-
ation showed a very advanced degree of mitral stenosis.
The cardiac muscle did not show evidence of degenerat-
lon. fThe left auricular wall was very much hyper-

trophied/
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trophied, and the right auricular wall was hyper-
trophied in a lesser degree. The sino-auricular and
auriculo-ventricular end-plates showed an excess of
fibrous tissue but were otherwise normal.

(n) This patient was a rheumatic subject, suffered .
from mitral stenosis, and hadl shown signs of

auricular fibrillation for at least 6 months. Post-
mortem examination showed the heért to be enlarged

in all its cavities. The chordae tendineae of the
nitral valve were shortened and there was fibrous
degeneration of the papillary muscles. The left
auricle was the seat of advanced myocardial degener-
ation, although the walls appeared to the naked eye to
be greatly hypertrophied.ﬂﬂwﬁmae nuscle fibres which
remained were very large for the mogst part, the

nuclei were large and irregular, and the fibrils
appeared at places to have become broken up, and
loosened from the sheath of the fibre. Some of the
Tibres were in a state of hyaline degeneration (Fig32 )
The number of normal fibres Was proportionately véry
Small. The end-plates appeared to be normal.

(n) This patient was also a rheumatic subject and
Suffering from mitral stenosis and aortic disease.
Signs of auricular fibrillation had been present for

& year at least. Post-mortem examination revealed the

Presence/
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presence of a large heart with an adhesive peri-
carditig; the left ventricle in its posterior aspect
and in the papillary muscles showed evidence of
extensive gstarvation fibrosis. The left auricle
showed evidence of myocardial degeheration gimilar to
that described in the last case. (Fig.33). The
end-plates appeared.to be normal.

(o) This patient, also the subject of rheumatism
with mitral aortic disease had shown signs of
auricular fibrillation for two years. Pogt-mortem
examination showed here also a pericarditis and an
enlarged heart. The microscopic evidence of disease
gorresponded exactly with that described for the

lagt case. There was extengive nutritional ‘changes
in the ventricles and the left auricle and in a
slight degree the right auricle showed myocardial
degeneration (PFig.3%). In some parts there were
considerable masses of small round cells and the
muscle fibres appear to have been completely destroyed{ﬂ3§

(s

In the nerve cells in the posterior inter-auricular
Sulcus there was evidence of extengive infiltration

The ganglion masses presented what i1s described in
anterior polyomyelitis the condition of 'neuronophagia'@%jﬁ

The end-plate appeared to be normal.

(p)/
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(p) This patient was the subject of mitral and aortiec

diseagse following rheumatism, and had shown signs which
‘night presumable be regarded as pointing to aurieular
fibrillation over a period of 5 years. Post-mortem
exanination showed an hypertrophied heart more

ggpecially involving the right ventricle and the left
auricle. The papillary nmuscles and to a legser degree
other parts of both ventricles showed signs of a .
starvation fibrogis. The left auricle was hyper-
trophied and showed the signs of myocardial degener-
ation, which have been described above (F737)j_r‘he end—

plates contained a considerable amount of fibrous

tissue, and the fibrous septa of the auriculo-ventricular
endfplate were abnormallythick and the nmuscle bundles
correspondingly small; +they were otherwise normal.

() This patient had been the subject of cardiac weak-
ness for 15 years. There was no evidence of valvular
diseage . The pulse had been continuously irregula,r' for
3.V¢ars. The patient 'died with all the signs of chronic
Gil‘flula.tory failure. Post—morﬁem examination showed the
heart to be considerably dilated. The xen%—p% walls
Were exXtremely thin in some places almost transparent.
There wag very advanced atrophy of the papillary muscles
@d extensive evidence of fibrosis in the ventricular

Wa.lls,/
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walls . The aorta showed typical evidence of syphilAio
disease, and there was marked stenosis of the apertures
of the coronary arteries. Microscopic examination
showed that thes fibrotic areas in the ventricles were
d{ue to starvation. In the auricular walls the musole‘
fibres had undergone a peculiar "foamy" degeneration
(Figs youtnr 43 ). The chemical nature of the change

has not been thoroughly examined, but it is not any
ordinary fatty change. The transition of the fibres
into the "foamy" substance is easily made out, and in
addit.ion there are the pigment granules which reveal

the original muscular character of the tissue. The
end-plates showed no sign of disease. The disease in
this case is primarily due to defective nutrition owing
to stenosis of the coronary arteries. It is obvious
that if an insufficient amount of blood gaing entrance
to the coronary system -'bh-a-b’ the tissue supplied by the
terminals of +the longest arteries will be the first

to su:f‘fer. _V‘I‘his is actually what has happened in this
cé8e; but all over the cardiac muscle there is evidence
that the heart generally has suffered from mé.i’élutrition.
This ig seen from the presence of small areag of fibrogis
in which brown pigmentary granules are lying, repre-
Senting the remaing of degenerate muscle fibreslﬁ;\%}mhe
heary/
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heart in other words, haé died from slow stérv‘ation,

and the auricular fibrillation is the evidence of this
prolonged dying phenomenon .

(s) This patient was 60 years of age, and had been

the subject of 'cardiac weakness' for four years.

There was no evidence of valvular disease, but his

heart had been continuously irregular and for 18 months
&t least there would appear to have been fibrillation

of the auricles. The post-mortem examination in this
cage showed enlargement and dilatation of the heart.

The valves appeared to be healthy. There was a general
diffuse fibrosis of the veantricular muscle. The auricular
walls were very +thin. There was extengive atheromatous
harrowing of the coronary arteries. The fibrosis in

the ventricles was obviously due to lack of nutrition.

There was an extensive degree of hyaline degeneration

°of the muscle fibres of the auricular walls. The end-
plateg appeared to be normal On the whoie the appear-
inces in this @ase correspond closely with those

described in the last. |

A feature of all these cases of chronic auricular fibrill-

abion . .
M, i3 the evidence of starvation of the heart muscle.

P&I‘ticul ar/
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particular lmportance is attached to the character of the
;': pignentary deposits in the fibrosis. This is definite
evidence that the so-called fibrosis is not newly formed
somective tissue, or the healed remains of inflammatory
sreas, but the skeletal remains of muscle fibres. These
sreas do not, as a rule, take on the pink stain with Van
gieson's solution, a fact which shows that they do not
eongist of normal fibrous tissue.

When we review these ten cases of auricular fibrillaﬁion
the most striking feature is the variety of anatomical
conditions which may be associated with its presence. It is
o doubt & clinical entity in as much as its presence is
sociated with, (1) an irregular irregularity of the
ventricular beat, (2) an absence in the jugular pulse of the
'a! Wave, which corresponds to auricular oontracti‘on, and
(8) an absence in the electro-cardiographic tracing of the
‘effect' associated with contraction of the auricles. When
the auricles are fibrillating in situ in the exposed heart
® en animal the cavities are in a distended condition; the
Yalls are either in a state of tremor or they present un-
Wlatory movements, which would appear to be due to different
DDOrtiOng of the muscle contracting at the same time with

Itervening portions in a condition of temporary rest.
there g a gradation from a fine tremor which regembles

“Xireme tachycardia of the auricles to that condition of

1 fibrill ary/
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siprillary undulation known as auricular fibrillation.
§ow speaking generally all clinical tests, even in this
cage,thoge of the electro-~cardiogram, are extremely coarse
compared vfith the subtle and unstable phenomena of
vital activity. t is readily understood that identical
.responses may be obtained by instruments in the examination
of phenomena. which vary widely in their biological character
and in their determining causes. It is not to be gupposed
that even although the auricles are in a more or less
inadtive state physiologically in all these cases, that
thet inactivity is in each case due to one and the same
tauge, A very cursory glance at the results of the
aatonical examination of the cases we ha&e reviewed, shows
What & variety of conditions may be associated with auricular
fibrillation. It may occur, (1) a8 a dying phenomenon in
the heart, (2) as the result of the administration of some
oisons in extreme doses, (Cushny), (3), in cases of high
Pressure in the auricles from obstruction to the blood flow,
® in broncho-pneumonia and emphysema, (4) in cases of
errowing of coronary arteries, and (5) in cases of mitral
Stenosis i w.},m&d ¢L_Liu~uu:£;w_‘_ 4 B WYt rnlle

These varieties are, however, not to be taken as
"Pregenting distinct classes in which the predisposing
‘8uses are similar or identical. In a general way, it may
% contended that in each case auricular fibrillation is

eVidenoe/
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evidence of a dying heart. This applies to cages of

poisoning in which the organism dies in a few hours or

minutes, and it may apply in a sense to cases in which the ’

heart shows the signs of gradual dying extending over a

period of years. It is in each case the evidence of

exhaustion of physiological force in the auricles; 1t

camot, of course, occur in the ventricles, because

fibrillation of the ventricles means immediate death.

There are, however, two points of view from thevan

arbitrary division of the cases may be made. These are,

(1) those cases in which the phenomena is evidence of an

acute phase on the development of heart failure, and (2)

thoge cases in which it is a chronic accompaniment of

cardiac weakness.

(1)

The cases in which it is to be regarded as evidence

of an acute or terminal phase in cardiac failure are
Such ag occur with poisoning or toxaemia or obstruction
of the blood flow due perhaps to pulmonary disease.

It is, as a matter of fact, highly probable that a great

‘mwﬂfhearts present this phenomenon before death; it

hay be days or hours or only minutes before the

cardiac action has ceased. I have noticed fibrillary
lovements of the auricles in guinea-pigs, which have
been bled to death; and I have seen the same phenomenon
in turtles and tortoises after the body has been

turned /
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turned about in various ways, so as to 'disturb the
palance of the circulation. In the case of the turtles
and tortoises, the normal movements of the auricles
returned when the body was allowed to rest, and the
oiroﬁlating equilibrium was restored. When a guinea—

pig has been bled to death and the auricles beat with

a rapidity out of all proportion to the ventricular
rate, or present fibrillary movements, these tremulous
or fibrillary contractions may be removed by injecting
fluid into the right auricle through one of the caval
veing; 1in this way, the heart may be made to resume
an absolutely normal rhythm. This is important as
showing that intracardiac pressufe ig another factor
in the maintenance of an orderly sequence of events in
the cardiac cycle.
(2) Contrasted with these cases in which auricular fibrillat-
lon is one of the common terminal phases of the
dying heart, are those in which this manifestation of
disease is present over prolonged periods. We have
described the anatomical basis of six such .oa.ses.. Four
of these were the subjects of mitral disease and two
. Were the gsubjects of impediments to the proper supply
of blood to the cardiac muscle.
Iﬂ In reviewing the cases of mitral stenosis; what
¢ the factors which may be considered as having con-

tributed /

=



'tﬂmﬂmd to the clinical manifestations of the disease?
'TMreoan be no doubt that the degeneration of the walls

of the auricles and of the left auricle in partioular'
constitutes the fundamental lesion in these cases. No

one who has examined the cases and appreciated the extent
to which the normal muscle fibres have disappeared could
doubt this. The musculature, as the figures bear evidence,
showed signs of degeneration corresponding exactly with the
condition which ig found in degenerative lesionsg of the
gkeletal muscles; lesions which, for example, are
mmmﬂteristio of scapulo-humeral paralysis or paralysis

die to degenerations or section of the nerve of supply.

The question arises now as to the cause of the lesions in
the auricular musculature. (i) An important factor in this
respect is undoubtedly the mitral stenosis producing as 1t
does a constant high pressure in the left auricle.

Relative to its capacity for work the left auricle has more
o do than any other part of the heart. This strain on
itsPhysiologioal regources expose it to the action of

&y toxic agencies_whioh may be in the blood. It is a
¥ell-recognised . fact that when metabolism or oxygenation

s extremely active in a part of the body, the tissue in
that part is more liable to become the seat of toxic '
legeneration; +his relation of exhaustion to degeneration

hag/
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has been proved by Edinger in certain a:f'fec-bions of the
nervous system, and it is highly probable that in mitral
digease there ig a gpecial tendency to muscular degenerat-
ion of the left auricle on account of the excessive work

it has to perform. It should be noted that although these
four cases of mitral disease were of rheumatic origin there
¥as no evidence that thé degeneration of the auricular
mscle was also due to the rheumatic toxine; at any rate,

. there were no rheumatic nodules such as have been described
by Aschoff and Geipfel. (ii) In addition to the effect
of sti'ain and excessive work, the nutritional factor may
have played an important part in the auricular degeneration.
Mtention has already been called to the peculiar circum-
Btances under which the cardiac muscle receives its blood
Supply . It has been pointed out that during systole the
blood reached no further than the larger branches of the
toronary arteries; and that it was during diastole that
the blood was sucked out of the aorta into the capillary
fetwork in the cardiac muscle. It is obvious then that
0 conditions at least must exist to ensure a thorough
distribution of blood in the heart walls. There must be
8 high pressure in the sorts during diastole, and the
diastolic Period must be sufficiently long to allow the
blood o percolate through the capillaries. In three

out/
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ot of the four cases aortic incompetence was preSent,

go that one of these conditions of efficient nutrition

was abgent in three cases. In every case the heart beat
was rapid; small systoles oooupci}_ﬁ. the diastolic periods
g0 that at times proper relaxation of the verntricles was
prevented by the ra.pidity of the heart beat. In addition
to this the chordae tendinae were shortened in every case,
80 that complete relaxation of the ventricles was
pechanically impossible. For these reasons 1t is obvious
that the circulation of the blood through the heart itself
¥es impeded, and the defective nutrition in the left

duricula combined with excess of work cannot but have had

& deleterious effect on the muscle. (iii) It is impossible

t0 say whether nervous affection contributed to the
degeneration of the auricular muscle. In one cage, as we
have seen, there was unequivocal evidence of extensive
degeneration of the ganglion cells in the posterior
dricular walls. In this case there was an adhesgive
Pél‘icarditis, and it is almost certain that when there is
W extensive pericarditis the nerve oellls beneath the
Pericardium in the posterior auricular walls must, in some
inStanoes, be involved ih the process. It would be an
lmportant matter to ascertain generally to what extent |

these cages of mitral stenosis with prolonged auricular

fibrillation/
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 fiprillation, are also the subjects of pericarditis. The
nistological difficulties attending the examination of

nervous structure in the heart are greé.t,' and to these
difficulties are added the choatic condition of such

knowledge as we pogsess on the source and function of

these structures. (iv) Whilé it must be recognised, as

has been pointed out, that there is little or no evidence

of inflammatory myocarditis in the general musculature

of these hearts to account for the weakness and irregularity;
there is in the ventricular muscle, and more especilally in )
the papillary muscles and ventricular walls at the bases

of the papillary muscles in almost every case some degree

of fibrosis. Thig fibrogis ig not of inflammatory origin,
but it ig to be referred to the inefficient character of

the coronary circulation which has just be=zn explained.

If, for example, the blood supply to the posterior papillary
scles and the ventricular wall to which they are attached
be congidered, it will be seen that the course of the artery
of supply is & very circuitous one. The main supply to

the muscles may come from either the right or the left
COronary. In either case the artery wends its way round
the auriculo-ventricular sulcus, then down towards the apex
0 the bage of the papillary muscles, it must then turn

8ain upwards in the papillary muscles towards the base of

“the heart to the attachments of the chordae tendinae to

 these/



these muscles. It will be readily seen that any inter-
ference with a moderately slow and orderly contraction

ad relaxation of the heart wall, will tend to leave the
mscle supplied by the terminals of the arteries in a state
of deficient nutrition, and it is this which accounts for
the fibrogis in these parts. The go-called fibrosis does
not always congist of fibrous tissue; 1in almost every case
~the skeletal remains of muscle fibres can be made out,

and it is perfectly obvious that the pigmentation in these
aeas 18 for the most part, the pigménta.ry rema.ins‘ of the
substa.nce_ at the poles of the nuclei of degenerate nmuscle,
and not the result of blood destruction as is generally
supposed. (Fig.36 ). What then is the significance of
this fibrosis for the interpretation of cardiac wsakness?
I8 extent in itself is not in most cases sufficient to
scount, for muscular inefriciency in these cases. It is
l‘&tﬁer to be regarded as the evidence of a malnutrition
Which mugt, affect, the whole heart, but it is only mani-
fested.&S an anatomical degeneration in those parts which,
from theiy situation, suffer$ mast. (v.) Another factor
Which contributes to the fibrillation is the venous stasis
In the right auricle and in the auricular muscle. The
high bressure in both auricles must exercise an exhausting
influenoe on the muscle, but what is more particularly

Teferred to here, is the probability that the venous blood

Playsg /



- 2589 -

‘pla,ys a part.in the incidence of the fibrillation.

- leonsrd Hill has pointed out that ligation of the oorona.rfy
veins in the dog may produce auricular fibrillation. Al-
- though in chronic heart disease due to mitral stenosis,
the stasis in the veins is never complete, still it must
be the caée that the venous return is impeded largely by
two factors; firstly, by the high pressure in the right
suricleff, and secondly, by the fact that the auricles
themselves, once they have commenced to fibrillate, cease
to oontx;ibute to the onward flow of the blood by their
periodic contraotion) and relaxation.

These consideré,tions then, bear out the contention
that & multiplicity of factors is concerned in the pre-
dispogition to auricular fibrillatioﬁ. In some cases one
kind of influence may predominate and, in other cases
another kind. It is unlikely that in clinical cases the
Phenomenon is ever due to a single intervening agency,

If we exclude the cases of acute poisoning; even here the
determining agency of poison cannot be regarded as an

1solat¢d factor, except in a very arbitrary sense, because

In the last resort a combination of factors must contri-
bute to any phenomenon pathological or physiologioa.l‘ in
the living organism.

A final question arises as to whether or how {;he end—

Plates may participate in the production of this form of

Irregularity/
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irregularity. It may be taken as settled that the con-

dition occurs without any demonstrable anatomical lesion
of the end-plates. But if we were correct in our inter-
pretation of the functions of these organs, if they con-

gtitute the mechanisms which regulate the sequence of |

events, what are the influences which play upon them to
dis{:urb their control over the cardiac movements?
The movements of thé heart in these cases consisgt
(1) in a complete cessation of auricular systoles and
(2) in an absolute irregularity of ventricular gystoles.
The f.actors which were found to affect the auricles,
render the influence of the sino-auricular end-plate
impotent, even although the anatomical and functional
characters of these structures be perfectly normal. Its
Inpressions on distended and diseased auricles are in-
effectual. With regard to the ventricleé, it has been
bointed out by Lewis that ﬁhe ventricular effects on the
elec‘ztro—oa,rdiogram in these cases suggest that the
rregular contractiong are suprar-v;entridula.r in origin, or
thet they arige from the node of the auriculo~ventricular
- fnd-plate.  They must in that oas‘e, be influenced by
imuli, which originate above the main buhdle of the
tnd-plate, because if “they originated in the main bundle
end were not affected by influences above the main bundle
the Ventricular o,ontra.otions woulci be slow and regular

ag/
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E o8 they are in cases of complete dissociation due %o
experimental or pathological severance of the main bundle.
It has been suggested that the rapidity and irregularity
of the ventricular beat is due to the fact that the
‘fibrilla.ting auricles are inces.antly sending small

4 irregulai gtimuli into the auriculo-ventriculer node, ﬁhat

3 & process of 'continual tapping on the node' is going on

(Cushny, Lewis), and that, as a result of this, the

ventricles respond in a rapid and irregular fashion.

i While not denying the possibility of this explanation

being correct, — I regard it as highly improbable. This

i explanation presupposes that all the impulses to

ventricular contraction originate either in the sino-
trricular end-plate or rather in ectopic impulses in the

aricular muscle. But in our analysis of the functions

t 'Of the two end-plates we saw that there was good reason to

believe that the co-ordination of auricular and ventricular
tntraction depended on a balance of the activities of the
two end-plates through their nervous supply. We saw, for
xemple, in Laslett's case of sinus bradycardia (p./76 ), that
lnterferenoe with the sino-auricular nerve supply produoed

@ irregularity in the ventricular contractions due to
Premature contractions. The suggestion that is here

&vanced ig that the irregular irregulearity of the ventricular

- fntractions in auricular fibrillation is possibly due to

8/
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s combination of contractions of normal origin with

interpolated premature contractions arising high up in

" the node or main bundle of the auriculo-ventricular end-

plate. The influence of the fibrillation is indirect and

~not direct. In other words, the balance between the

two end-plates has been disturbed by the fact that the
sino~auricular organ fails to exert its influence on the
suricles, and the ventricular tissue is the victim of

this disturbance of balance. If the auricles fail to
contract an ataxy of the ventricles is produced, just as

the eff‘iciency of flexor contraction is prejudiced by
shnormal action or paralysis of the corresponding extensor
mscles; it is not meant that the auricles and ventricles
stand to each other in the relation of extensors to plexors;
but their co~ordinate contraction ig controlled by mutually
dependant end-plates, and inefficiency on part of the one
Will be reflected in abnormal action on part of the other.
f great significance in support of this contention is the
fact that fibrillation may be temporarily arrested, and a
forma], rhythm restored by stimulation of the extra—cardial
ferves . No attempt has been made to give an exhaustivs
%eount of the clinical history or post-mortem findings

in the‘Se cases. Only such facts as pertain to the question

at g . . . .
b 188ue, have been mentioned. A very detailed examination

Wag/
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t yes made of all the pathological hearts examined. As a
| patter of routine, the following parts were examined in
evéry cagse:— (1) The two end-plates in serial sections;
the whole of the sino-auricular end—-pllate, and the node,
nain stem, and commencement of the two subdivisions of
the auriculo-ventricular end-plate being examined.
(2) ™o blocks from papillary muscles, and four blocks
from ventricular walls. (3) Six blocks from the left _
suricle, and two blocks from the right auricle. (4)
Blocks from the posterior inter-auricular sulcus and septum
¥ere cut serially to examine the ganglion masses, and large
nerve trunks. (5) Blocks from the wall of the superior
tava, and from the auriculo-ventricular sulcus at the lower

Posterior border of the left auricle were also' examined fTor

their content in nervous structures.

The object of this thesis, has been, not so much the
sttempt to explain the anatomical basis of cardiac irre-
glarity, as to indicate a point of view and a method by which

fWh cases should be examined.
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