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4 THE NATURE OF CARDIAC ACTION

with the coronary sinus, and in the latter itself I have found
no nodal texture.

In addition to these principal connections claimed by
Thorel, he also describes another passing down the inter-
auricular septum, together with some fibres from the
neighbourhood of the foramen ovale, which, he asserts, join
the node of Tawara. These also would find it difficult to

Fic. 1.—THE SINU-AURICULAR Nopk IN THE PIG.

a, a, Large nerves ; b, smaller nerve; ¢, fibril of the same ; d, d, muscle of the
node; ¢, e, auricle; f, epicardium; g, artery.
Arrow points to auricle, (Obj. % in.)

reach that node in the case I have mentioned, inasmuch as
the interauricular septum below the level of the foramen
ovale was absent.

The sinu-auricular node is supplied with blood by branches
of the right coronary artery, around some large trunks of
which it may in places be observed to cluster.

Although it had long been observed to be situated in a
neighbourhood in which the ganglia and nerves of the
cardiac plexus are frequently encountered, the first published
account of its intimate innervation appears to have been by
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THE NODAL SYSTEM: ITS ANATOMY 7

and did not determine the nature of the ultimate distribution
of the nerves seen.?

The first important contribution to the innervation of the
bundle was Wilson’s.2 Using the vital methylene blue
method, he described ganglia and plexuses in the bundle,
chiefly of the ungulates; but he also gave no delineation of
the ultimate termination of the nerves on the muscle cells
of the structure. His method was, however, very fruitfully

Fig. 3.

a.-v.n., Auriculo-ventricular node, with central artery (right coronary) and
many arterial points; e¢., epicardium ; b., boundary of auricule-ventricular
node, with longitudinal nodal fibres; f., fibrous body; L.V., left
ventricle. (Obj. 1 in.)

practised by Irmgard Engel in 1910.2 She worked under
Aschoff in Freiburg, and examined ungulates, carnivora, and
tmnan.

The ungulates, as is well known, have the bundle largely
developed in all its elements. Engel describes and delineates
ganglion cells in which the axons pass into varicose fibrils,

1 ¢ Das Reitzleitungssystem,’ etc.

2 Proc. Roy. Soc. B., 1909, Ixxxi, 151.
3 Beitrdg, z. Path, Anat, u, z. Allg. Path., 1910, xlviii,, 490.



8 THE NATURE OF CARDIAC ACTION

and are directed both towards the apex and base of the
heart, but chiefly towards the base. By another method
she determined the important point that a very considerable
number of medullated nerve fibres in the calf follow the
bundle without branching or alteration until the papillary
muscles are reached, when they are distributed in the
ventricular wall. She also shows the ultimate termination
of fibrils to the cells of the Purkinjean fibres. Finally,

F1G. 4.—AURICULO-VENTRICULAR BUNDLE IN THE SHEEP.

a, Transverse section of large nerve; b, fibre arising directly from the same
and becoming fibrillar ; ¢, primary plexus around e, d, large nerve;
¢, ¢, groups of Purkinjean cells,

Arrow points to ventricle. (Obj. } in.)

she was fortunate enough to find in a human heart, examined
one hour after death, a rich innervation of the auriculo-
ventricular bundle.

Unaware at that time of Engel's work, and not finding
that Wilson had delineated the final termination of the
nerves on the cells of the structure, I examined the matter
for myself, and published my results in July, 1912 (loc. cit.).
I used a modification of Sihler's haematoxylin method which
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THE NODAL SYSTEM : ITS ANATOMY 9

I had found successful in staining the nerves of the intra-
cranial artery, a that-time automatic structure, and in the
phase of being regarded as without nerve control.

I examined the sheep, pig, and man, and found that in the
sheep the nerve terminations on the muscle cells were of two
kinds—namely, by varicose fibrils winding around and on
them, and by triradiate nodal points closely applied to them
and resembling sensory terminations (Figs. 4,5,6and 7). In

F1G. 5.—AURICULO-VENTRICULAR BUNDLE IN THE SHEEP.

@, Transverse section of large nerve; b, nodal point in the same, whence the
primary plexus ¢ directly springs; d, d, large nerves: ¢, ¢, groups of
Purkinjean cells ; ¢, another primary plexus. (Obj. 4 in.)

both the sheep and pig it was manifest that the bundle and the
course it pursued was a highway for large nerves passing for
distribution to the ventricular walls. In man, probably
because of the necessary precedence of death for a longer or
shorter period before the examination of the structure is pos-
sible, the nerves are difficult to stain. It may be affirmed with
confidence, however, that no large nerves enter the bundle,
although they may course near it. In one case, that of a

L Edin, Med. Journ,, 1898,































































































































































62 SENSORY DISORDERS OF THE HEART

nodes. In order that I might prepare specimens of this
calcified artery I found it necessary to immerse the portion
selected, which, like the others, was taken from the vessel
on the right, in dilute hydrochloric acid for nearly a fortnight,
in order to decalcify it. In the case from which this vessel

Fi1G. g.—ANEURISM OF THE RIGHT CORONARY ARTERY, THE WALL OF THE
VESsSEL DECALCIFIED, ITS LUMEN CONTAINING BLOOD.

The greatly thickened intima and atrophic media are shown with the head
of the aneurism resting on the latter. Occ. 4, obj. 1 in. (Swift's),

was removed there were constant attacks of angina for a
length of time before the fatal seizure and in all circumstances
as to rest or activity, and yet there was nothing in the cal-
careous vessel externally to distinguish it from many other
calcareous arteries unassociated with cardiac pain. But on
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THE PATHOLOGY OF CARDIAC PAIN 63

microscopic examination I discovered one fact which I con-
sider of great interest, although I do not positively state
that it was necessarily the essential or only cause of the
angina. It would, however, be quite as difficult to prove at
present that it was not. I was fortunate enough to obtain
sections illustrating this point, and I think most will agree
with me that these specimens show in a very instructive
manner the mode of formation of an aneurism before it has
eroded the muscular coat of the vessel and become evident
externally. (Vide Figs. g and 10.) It will be observed that

Fig., 10.—THE HEAD OF THE SAME ANEURISM MORE MAGNIFIED.
Occ, 4, obj. } in. (Swift’s).

the internal layer of the vessel has been pushed before the
eddy in the blood-stream at its commencement, and that
this diverticulum in the stream has been dammed in by
protective and proliferative processes in its passage through
the connective-tissue layer, until its outer encapsuled end
lies in immediate contact with the muscular layer. How
many more of these saclets there might have been in the
vessels I cannot, of course, say—perhaps no more—but the
discovery of one argues the possibility of others. In the
immediate neighbourhood of the sac there are encapsuled
spaces filled with blood which resemble sections of veins,
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THE PATHOLOGY OF CARDIAC PAIN bg

These two pathological conditions could not have been
far from one another. There is also in the immediate
neighbourhood of the head of the aneurism a transversely
divided and thickened nerve, which may possibly have some
connection with the ganglion I have mentioned.

The following is a description of the specimen (Fig. 11):
in a transverse section of the right coronary artery
of the case mentioned there lies an encapsuled cluster of
cells, each of which has a clear round nucleus with a single

Fig, 11.—NErVE GancLION, WITH THICKENED INTERSTITIAL TISSUE FROM
THE RIcHT CoroxARY, SHOWING NUCLEUS AND NUCLEOLUS IN THE CELL
HicHEST TO THE RIGHT.

Occ. 4, obj. {% in. (oil immersion).

nucleolus, as may be determined by careful focusing in a
clear light. The cell body is of a brownish-red colour and
has shrunk away to some extent from the walls of its capsule,
if it originally quite reached these. The cells are separated
from one another by a considerable thickness of intercellular
connective tissue. A cluster of seven cells is sharply marked
off from the surrounding textures by an encircling capsule.
Near the lower end of the cluster and to the left there is a
detached cell of the same character as the others, but within
a more thickened capsule. The cells, their capsules, and the

























































68 SENSORY DISORDERS OF THE HEART

the consequences of that condition (Fig. 13). More minute
investigation of the textures confirms the correctness of this
view. Specific aortitis may be associated with a severe
and fatal type of angina pectoris,

One of the best descriptions of the disease in association
with angina with which I am acquainted is from the pen of
M. Huchard, with whose argument founded upon it I am
unable to agree.

F1G. 13.—SyPHILITIC AORTITIS OF LONG STANDING IN A Max THIRTY-NINE
YEARS OF AGE, SHOWING THE PUCKERING OF THE INTIMA, WITH EN-
CROACHMENT ON THE CORONARY ARTERY AND SHRINKAGE OF AORTIC
Cusrs,

Portions of the vessel and ventricle have been removed, as is seen, for
microscopic examination.

Adrien G., thirty-two years of age, a stoker, was admitted into
the Hopital Tenon under the care of Huchard on February 6, 1883.
A drunkard, he had contracted syphilis in 1872. For a month he
had complained of vague pains in the chest coming on during
work, accompanied by radiations into the left arm, the elbow,
and the two last fingers of the left hand. The pains come on
suddenly, and while they last he has to leave off work. The
lungs and the heart are perfectly healthy ; neither at the apex of
the heart nor at the base in the aortic region can abnormal signs












































































































































































































































































































































































































































































































































































