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4 THE ANATOMNY AND PHYSIOLOGY OF

and therefore can not determine whether its respiration was affected
during that state. It is a curious circumstance that the recurrents
do not always include the carotids; but it seldom happens that
the action of these arteries is much increased, execept by the exer-
tions of the voice, as in singing, ete., and therefore, if they had been
included, the delicate and complicated actions of the glottis, which
are produced during these processes, might have been too much in-
terfered with, and 1 belicve a compensation is made for this omission
by the connection of the pharyngeal plexus with the superficial car-
diac nerve, . . . The subelavian artery on the right side and the aorta
on the left are almost encircled by the par vagum and its recurrent
branches. This distribution, no doubt, connects the actions of these
arteries with those of the glottis.”

Hilton (1837), to whom we are indebted for an admirable paper *
describing the distribution of the recurrent nerves, states in a foot-
note that he had seen a subject in his dissecting-room in which the
right subelavian artery came off from the posterior part and left side
of the transverse portion of the aorta. In this case, he continues,
“the right recurrent nerve did not curve round the artery, but was
detached from the pneumogastrie at an acute angle with the descend-
ing part of the nerve, about opposite the fifth cervical vertebra.”
We find, moreover, in the same writer's well-known “ Lectures on
Rest and Pain,” t the statement that he had seen examples in which
the recurrent did not wind around the arch of the aorta or the sub-
clavian artery, vet the course of the mnerve was, notwithstanding,
equally recurrent, thus clearly indicating that it had no necessary
relation with the subelavian artery or the aorta. He then sets forth
the following singular theory to explain the course of these nerves:
“The nervous influence, whatever it may be, which travels by these
recurrent nerves, goes from below upward. And I think it will be
apparent why this nerve takes its conrse from below upward. It is
an essential thing, to my mind, that the muscles which are acting
upon the air as it eseapes outward from the lungs so as to make the
voice, should be acting from within outward—that is, from the lower
part of the larynx to the upper. It is quite obvious that if they acted
in the other way we should all be ventriloquists, talking inwardly to
ourselves, as it were, and having no external voice; and it is for the
purpose of determining the direction of influence from within out-

* ¢ Guy's Hosp. Reports,” vol. ii, 1837, p. 514,
+ Second edition, London, 1877, p. 217.







6 THE ANATOMY AND PHYSBIOLOGY OF

The long course of the recurrents, like the elongation of the carot-
ids and other anatomical features of the cervical region, is brought
about by the change of position which the heart and great vessels
undergo during embryonie life, and which we may best deseribe by
borrowing Huxley's words:* “ At first the heart of a mammal lies
under the middle of the head, immediately behind the first branchial
arches, in which the first pair of aortic arches ascend. As the other
pairs of aortic arches are developed the heart moves backward, but
the fourth pair of branchial arches, by the modification of one of
which the persistent aorta is formed, lies, at first, no farther back
than the oceipital region of the skall, to which the fourth pair of
branchial arches belongs. As the two pairs of cornua of the hyoid
belong to the second and the third branchial arches, the larvnx is
probably developed within the region of the fourth and fifth branchial
arches; hence the branches of the pneumogastrie, with which it is
supplied, must, originally, pass direetly to their destination. DBut, as
development proceeds, the aortic arches and the heart become alto-
gether detached from the branchial arches and move back, until at
length they are lodged deep in the thorax. Hence the elongation of
the carotid arteries; hence also, as the larynx remains relatively sta-
tionary, the singular course in the adult of that branch of the pneu-
mogastric, the recurrent laryngeal, which primitively passed to the
laryngeal region bebind the fourth branchial arch, and consequently
becomes drawn out into a long loop, the middle of it being, as it
were, pulled back by the retrogression of the aortic arch into the
thorax.”

The proof that the course of the recurrent nerves is a question of
development is found in the fact that when, from any cause opera-
ting in early feetal life, irregularities of the arch of the aorta or in
the origin of its primary branches exist, the recurrent nerves have
alwavs in such instances an anomalous origin and course. There are
several recorded cases of this inter-relation of these anomalies. We
have already mentioned Stedman’s paper, in which he described, for
the first time, a case of irregular origin of the right subelavian artery
associated with absence of the right recurrent nerve. In this case,
undoubtedly, the fourth right aortic arch disappeared very early, and,
the right subelavian arising from the descending portion of the aorta,
there was nothing to earry the right recurrent down, and it conse-
quently ran directly to the larynx. Through the kindness of Pro-

#* 4 A Manual of the Anatomy of Vertebrated Animals,” London, 1871. We
take the liberty of substituting the word * branchial " for * visceral.”
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branched from the pneumogastric opposite the sixth cervical verte-
bra, and turned round the vertebral artery to reascend to the larynx,
Here the right vertebral artery represented the fourth right aortic
arch. The branches from the aorta in this case were in this order:
First, a vessel that divided some two inches from its origin into the
right vertebral and the right carotid ; then came the left carotid, the
left vertebral, the left subclavian, and finally the right subelavian from
the descending aorta. He further reports two cases where the aorta
passed over the right bronchus, in which the left recurrents passed
under the fifth left branchial arches represented by the obliterated
ducti arteriosi. The last writer who has called our attention to this
subject is Chaput, whose * Note sur un rapport peu connn du recur-
rent ganche” may be found in the records of the *Soc. anatom. de
Paris,” July, 1884,

To return now to the normal relation of the recurrent nerves to
the large blood-vessels, we find (Luschka) that the left recurrent
leaves the pnenmogastric at an acute angle in front of the arch of
the aorta; it then turns round the vessel from before backward, runs
up between it and the left bronchus, following the posterior surface
of the aorta, which it leaves between the origin of the left common
carotid artery and the subelavian to ascend to the larynx in the suleus
between the wsophagus and trachea, The right recurrent, which is
shorter than the left, branches from the pneumogastric in front of
the right subeclavian artery. Turning under that vessel and running
up behind the right common carotid, which it crosses to reach the
fissure between the wsophagus and the trachea, it then proceeds to
the larvnx. In their course the recurrents send communieating
branches to the cardiac and pulmonary mnerves, and supply the
@sophagus, trachea, and inferior portion of the pharynx with nu-
merous filaments.

Rainey,* Hilton,+ and Habershon, ] from their own dissections,
have deseribed communicating filaments, running from the recurrents
t> the superior laryngeal nerves, while Philipeaux and Vulpian#®
maintain that the anastomosing fibers which are found come exelu-

* 4 The Recurrent Laryngeal Nerves,” London © Med. Gazette,” December 6,
1828,

t “Guy's Hosp. Reports,” vol. ii, 1837, p. 514.

{ “The Pathology of the Pneumogastric Nerve,” “ Med. Times and Gazette,”
vel. i, 1876,

# ¢ Qur I'anastomose qui existe entre le nerf laryngé supérieur et le nerf recur-
rent,” * Avch. de physiol. norm. et path.,” tome ii, 1869,
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It has been stated that the recurrent nerves comtain sensory
fibers, but we are not aware of any experimental proof to support
this opinion. In our judgment, this point may be determined by
the following methods :

Erperiment.—Anwmsthetize a dog or a cat, and fix it on its back,
with its lower jaw held open, so that a perfect view of its glottis can
be obtained throngh the mouth by throwing in light by means of an
ordinary head-reflector. The animal’s tongue may be held out by
the fingers of the left hand, and the epiglottis raised with a long
forceps by the right hand. The recurrent nerve having been ex-
posed and eut, the corresponding voeal band will be seen to be
completely immovable, while its fellow moves rhythmically with
respiration,  Place an electrode on the central ecut end of the
recurrent, and stimulate with currents from the feeblest to the
strongest intensity; no effect whatever will be produced on the
glottis.  Bat, if we now change the electrode from the cut end of
the recurrent to the trunk of the pneumogastric of the same side,
and stimulate it, we do obtain a decided reflex effect upon the glottis,
which was impossible when its recurrent branch was irritated, Dut
perhaps a still more delicate proof that there are no sensitive fibers
in this nerve is furnished us by the absence of arise of blood-pressure
in curarized animals on stimulation of its central end after section.
The observation of Ludwig and Thiry that irritation of sensitive
nerves was followed by a rise of the blood-pressure occasioned by
reflex contraction of the muscular coats of the arteries led us to apply
this test to the recurrent, the method employed being that described
by Dittmar and Miescher in their researches * on the sensitive fibers
in the spinal cord.

We have nsed dogs and cats for this pnrpose without, in a single
instance, being able to observe a rise of the blood-pressure when the
recurrent was stimulated with weak or strong eurrents, which invaria-
bly followed when the internal popliteal nerve was irritated. We
subjoin the details of one of the experiments, and the curves showing
the difference between the action of these two nerves on the blood-
pressure,

April 13, 1887 —Small black-and-tan dog. Curarized. Artifi-
cial respiration. Left recurrent and left internal popliteal nerves
laid bare and eut previous to stimulation. The recording pen of a
mercury manometer, which was connected with the right femoral

* 4 Arbeiten a. d. physiol. Anstalt,” Leipsic, 1870.
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being. recorded, and feel that the old aphorism, ¥ experiment is fal-
lacious and decision difficult,” is as applicable to the nineteenth cen-
tury as to the time when Hippocrates gave it utterance. Yet, when
we consider the improvement in recent years in instruments of re-
search, and reflect upou the advance and development of physical
science, we may ask if it is not now, perhaps, the experimenter that
is fallacious, and not the experiment.

[t is, indeed, surprising that scarcely fifty years have passed since
the first experimental study of questions pertaining to the larynx
which approached completeness and was of real scientific value. We
refer to a paper by John Reid (1838), of Scotland, the title of which,
however, would not lead one to look for as much valuable work upon
the nerves of the larynx as it contains, This important paper, to
which we shall again refer, was entitled * An Experimental Investi-
gation into the Functions of the Eighth Iair of Nerves, or the
(ilosso-pharyngeal, Pnenmogastrie, and Spinal Accessory,”* and
was founded upon experiments which, as Rombergt justly says,
may serve as models of philosophical inquiries.

We know, however, that from the earliest times the voice has
enlisted the attention and speculation of physiologists, but the ex-
periments of all, from Rufus the Ephesian down to Reid (1838),
except, perhaps, Magendie's, were directed chiefly to finding out
what influence the pnenmo-gastrics or the recurrents had upon the
function of phonation; whether the voice was lost after section of
these nerves; and whether it could be regained when once taken
away in this manner.

Rufus of Ephesus, Galen, Vesalius, and others found that the
voice was lost after the pnenmogastrics or the recurrents had been
cut or included in a ligature, although less careful observers came to
different conclusions; but we need not at present review in detail the
investigations of these early writers, inasmuch, as we have just men-
tioned, as their researches had reference solely to the relation of
these nerves to the voice.

To come down to more recent periods (1734), one of the earliest
papers is by Martin, entitled * The Experiment of cutting the Recur-
rent Nerves carricd on farther than has hitherto been done.” We
find in it, however, little to justify the title, as Martin confined him-
self to cutting the recurrents of a sucking pig in order to observe the

# % Edin. Med. and Surg. Journal,” vol. xlix, 1538, p. 108,
4 “ The Sydenham Soe.,” vol. ii, 18563, p. 813,
} ¢ Medical Essays of Edinburgh,” vol. ii, 1784, p. 114.
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this association {Dr. Knight, Dr. Langmaid, and Dr. De Blois) as
witnesses to some of the results herein recorded. Our thanks are
especially due Dr, J, Solis-Cohen for his interest in this subject,
who, with Dr. Edward Martin, of Philadelphia, was willing to sub-
mit to a long and tedious journey to pass a day of exp;&:l'im{:ntﬂl
investigation with us in the laboratory, It has been our object in
our present series of observations, as in all our experimental work
of the past five years, to multiply largely the experiments and to
record only such as were typical and had been seen by other eyes
besides our own. We have pursued this plan in order to eliminate,
as far as possible, sources of error, and, as our work has always been
undertaken without any preconceived theory to support, or care as
to what might or might not happen, provided a fact could be estab-
lished, we think our mistakes—if mistakes there be—will be due to
some fault in our methods rather than in our observation.

In arriving at an appreciation of the physiology of the recurrent
laryngeal nerves, it may be well to view them in the light of our
knowledge of the functions of the organ over which they preside.
We can recognize three distinet functions of the larynx controlled
by three distinet groups of museles, which are all innervated by the
recurrent nerves, These wonderful nerve-trunks, therefore, which,
as previonsly stated, are but one millimetre in diameter, contain sets
of nerve-fibers as distinet as the functions of the groups of muscles
which they supply. Mentioned in the order of their importance to
life, these muscular groups and their functions are: (a) Those that
carry on the respiratory function of the larynx; (b) the sphincter
group, which serve to close the lumen of the larynx to prevent the
entrance of foreign bodies, and play an important part in all expul-
sive acts, such as coughing, sneezing, reteching, vomiting, or defeca-
tion, “ or in those museular actions where it is necessary to have the
thorax fixed in order to enable the museles attached to it to act with
greater advantage or greater precision ™ (Lauder Brunton and Cash *) ;
and (¢) the phonatory museles.t

The respiratory and the phonatory museles which are attached
to the arytenoid cartilages have diametrically opposite action. The

#* 4 The Valvular Action of the Larynx,”" **Journal of Anatomy and Physi-
ology,” vol. xvii.

4 It must be recognized, however, that some of the fibers belonging to the
group of muscles commonly described as the thyreo-arytencids may act as sphine-
ters under certain conditions, while at other times they serve purposes of phona-
tion.
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recurrent nerve; but we immediately surmised the reason, which
subsequent researches by ourselves and others have shown to be cor-
rect. It may render this study clearer if we briefly review the cir-
cumstances of our first observation, and how we were led to what
appeared to us the only possible conclusion, that the dilatation was
brought about throngh the influence of sulphuric ether. Our experi-
ments, which had already been quite numerons, were generally per-
formed on dogs chloralized by intravenous injection. This means
of producing anwmesthesia was almost invariably employed for pro-
longed experiments. Ether, however, was given in the first stage of
the operation. The dog in which we first observed a dilatation was
etherized for the purpose of passing a thread through the recurrent
nerve, after which the incigion in the neck was to be sewed up, and
the animal returned to his kenmel for a few days before further
observation. On looking for the'nerve, it was not found in its
proper anatomical situation; but two small nerves were discovered
near by, As it was doubtful what these two branches were, it was
considered prudent to irritate them, and, if the glottis contracted,
we could then be certain we had the nerve we were in search of, and
proceed with the operation. But, when the nerves were stimulated,
we were greatly surprised to see a foreible dilatation, instead of the
customary closure. The assistant in physiology, Dr. Warren, was
requested to come and witness this unusual sight. The ether sponge
had been removed from the dog since the beginning of the experi-
ment, and by the time Dr. Warren was ready to look at the glottis
the animal was somewhat out of its inflnence. At all events, on
stimulating the nerve a secord time, closure was manifested, instead
of the dilatation o evident a few moments before. Here we had in
the same dog, at a short interval, both a dilatation and a closure of
the glottis. As all the conditions were the same, with the exception
of the depth of the narcosis, the natural inference was that the amount
of cther in the animal must be the canse of the dilatation. A large
quantity of ether was again administered, and the abduetion again
clearly demonstrated.

Our first idea was that the “ ether-effect ™ was central. To test
this hypothesis the recurrent was divided, and the irritation applied
to its peripheral end. The glottis dilated after section of the nerves
as well as before.

With regard to the fact of the “ether-effect ™ in dogs we have
little to add.  Our previous experiments were based on so many con-
firmatory observations on different dogs that the fact was clearly
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established. The facility with which a dilatation may be elicited
depends upon the snsceptibility of the dog to the drug, the intensity
of the irritation, and the amount given, It differs in different dogs.
In the majority complete dilatation may be elicited; in other in-
stances the mixed movement only is obtainable. In two dogs, in our
experience, the effect has been negative; in these cases there was
neither contraction nor dilatation on stimulation of the recurrent
nerves, even in the most profound stage of etherization, but with
slight anmsthesia closure took place,

“ Ether-Effect” Method.—The aceompanying figure will make
our method clear.

The dog is here arranged in what we consider the most satisfac-
tory manner to demonstrate the * ether-effect " in its different aspects,

It will be seen that the animal is fixed on his back, with his upper
Jaw tied to a dog-holder, while the lower jaw is held open Ly a cord
fastened to the lower end of the board. A perfect view of the glottis
is now made easy by holding the tongue forward in one hand and
lifting the tip of the epiglottis by a long foreeps with the other.
Tracheotomy has been performed, and the tracheal cannula is con-
nected with a bottle containing ether by a short piece of rubber
tubing, which can readily be adjusted to or removed from the can-
nula. A shielded electrode is upon each recurrent nerve; the elec-
trodes are connected with each other, and in communication with an
induetion apparatus, which is supplied from one Grove cell in a bat-
















































