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2 DONALDSON, RECURRENT LARYNGEAL NERYVE,

Hooper, of Boston, in 1885, published an important and interesting
paper, entitled “ The Respiratory Funetion of the Human Larynx, from
Experimental Studies.” In this article he considers the question stated
above, and also whether (as the clinicians assert) the abductor fibres of
the recurrent nerve are more vulnerable than those of the adductor. It
was this paper which immediately attracted the writer’s attention to this
subjeet, and led him to undertake the experiments given below.

As my purpose then was, if’ possible, to verify and expand this author’s
experiments, [ am compelled, in order to make myself intelligible, to go
over somewhat the same ground in the elaboration of this paper.

Speaking generally, nervous impulses for the larynx start in the
brain, the medulla, and the eord. That there iz a motor centre for the
larynx i, to say the least, doubtful; and Delavan’s' conelusions from the
two cases eited by him, viz., “ that this eentre is in the course of the third
branch of the middle cervieal artery; that it is toward the proximal
end of this vessel, and that it iz in the vicinity of the convolution of
Broea,” are hardly justifiable in view of our scant knowledge of the sub-
jeet, physiological and elinical. Nerve impulses are transmitted to the
larynx through the pneumogastric, the spinal accessory, and their
anastomotic branches. The pneumogastric is connected, first, with the
internal branch (which contains the medullary fibres) of the spinal
accessory ; second, with the facial nerve by the auricular branch ; third,
with the glosso-pharyngeal (an inconstant branch); fourth, with the
hypoglossal ; fifth, with the first and second cervieal nerves ; sixth, with
the sympathetic system.

The manifold nervous impulses which may come through all these
sources are carried to the larynx then, by the superior and inferior
laryngeal nerves, the anatomy and distribution of which need not be
given here.

The part played by all these nerves in the innervation of the larynx
is greatly in doubt.

The vagus and spinal accessory, however, are the nerves which im-
mediately preside over the respiratory and phonatory functions of the
larynx. The spinal accessory would seem to be chiefly a motor nerve
(Bischoff,;* Morganti,” Longet,' Bernard®).

Bernard declares that the spinal accessory is the motor nerve for
phonation alone, and that it has nothing to do with the respiratory
function of the larynx, which, if I understand him right, is the view
taken by Schech.® It is none the less certain, however, that the re-
eurrent nerve contains sensory as well as motor fibres, for we can obtain

1 On the Loealization of the Cortical Motor Contre of the Laryox, N. ¥, Medical Record, p. 178, 1885,
2 Wervl acces, eic,, Heidallerg, 1832, i Extract in Schmidt's Jahrh,, x1ii. p. 250,

4 Traité de Physiclogis, vol. fii. p. 516, & Lagons sur Ia phys., vol. ii. p. 244,

& Dhe Funct, d. Nerven u. Muskeln des Kehlkopfs, Wilrzburg, 1873,







re—
ro— ——

4 DONALDSON, RECURRENT LARYNGEAL NERVE.

obstacle to prevent any living insect that chanced his way from crawling in
and out of his mouth, or meandering around in his larynx é volonté, without
exciting reflex contraction of its muscles. The power of ether, chloroform,
and other anmstheties to impair the action of these constrictors is too well
known to need mention. To carry this line of thought a little further, should
we not expect that, provided we could preserve the organic life of an animal
while its volition was at the same time completely abolished—should we not
expect, we ask, under these circumstances, to get a dilatation of the glottis
on irritating the recurrent nerves instead of a closure, for the posterior crico-
arvtenoid muscles are museles of organie life? Indeed we believe we should,
and we submit the following experiments in support of that belief.”

Dr. Hooper’s experiments were performed upon dogs which were
etherized, the mouth opened and the tongue drawn out so as to expose
the larynx to view. The recurrent nerves were then exposed, cut, and
stimulated at will. The results of the experiments apparently confirmed
the theory given above, viz., that the constrictor functions of the larynx
are dependent upon consciousness. And the conclusions drawn from
them may be briefly stated as follows: That stimulation of the recurrent
laryngeal nerve always produced abduction of the arytenoid on that
side, provided the animal was deeply under ether; that on removing
the anwsthetic, the dilatation produced by stimulation became less and
less as the animal regained consciousness, until finally contraction of the
glottis followed ; and that the abduction differed in different dogs. In
other words, he concludes that the tendency of the glottis is to remain
widely open, and that any given stimulus from the recurrent nerve
would act upon the abduector muscles alone unless volition came into
play, when the stimulus would exert the opposite effect and produce
adduection. Such being this author's conclusions, I pass to my own series
of experiments, undertaken to test the following points:

First. Is it true that the constrictors cease to act during profound
narcosis, or when conseiousness is suspended from any cause ?

Second. Do we always get abduction of the arytenoids (dilatation of
the glottis) on stimulation of the recurrent nerves, when consciousness
is suspended ¥

Exrermvext I.—Medium-sized dog, under small dose of morphia.
Slight movement of the glottis during quiet breathing. Recurrents ex-
posed ; stimulation of the right nerve produced complete adduction of
that cord, and slight adduetion of the opposite one. The same result
followed stimulation of the left recurrent. The nerves were stimulated
from time to time for an hour or more, with the same result. The ani-
mal now began to come from under the narcotic, and it was therefore
tracheotomized, and ether given, and while there was still considerable
movement of the glottis upon stimulation of right and left recurrent, I
thought I noticed a slight abduetion on the side stimulated, but in a few
minutes, when the animal was deeply under the anwsthetic, and all

-movement of the larynx had ceased, stimulation of both recurrents

separately produced a complete closure of the glottis. 1 am inelined to
think, therefore, that the first apparent abduction was the result simply

by o
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6 DONALDSON, RECURRENT LARYNGEAL NERVE.

under no condition had abduetion of either cord been obtained, as Dr.
Hooper had found. The latter’s results, seen by himself and others,
must have existed, and so [ was put to it to account for the great diversity
. my own results. The experiments up to this point had been performed
under like conditions, and sources of error excluded as far as possible.
The next experiment was carried on with the utmost care, and with un-
expected results. In the experiments given above the induction eoil
was at 10, giving always a strong stimulus,

Experment VI.—Medium-sized dog, under ether. Professor Martin
having suggested that possibly the results obtained by Hooper were
reflex (both Burkhard and Hermann stating that the recurrent had
sensory as well as motor fibres) the right recurrent was stimulated cut,
but with the usual result, adduction.

Though the animal was deeply narcotized there were still some move-
ments of the glottis, and to do away with these the dog was accordingly
made deeply apneie. Under this condition it was ohserved that the
cords eame nearer together than in normal breathing, which is what
might be expected ; no impulses proceeding in this condition from the
respiratory centre. The nerve was now stimulated and adduction was
strongly marked. The right nerve was cut and stimulated, but with
the same result.  That all possible respiratory movements might be
done away with and consciousness entirely removed, the medulla was
destroyed and artificial respiration kept up. The right nerve was now
cut, the induetion coil was moved out and the stimulus made very weak
(more by aceident than intent), when, mueh to our surprise, abduction,
distinet and prolonged, resulted. The stimulus was gradually increased,
with the same result, until the coil stopped at 16, when adduetion of the
cord took place. This result was obtained again and again on stimula-
tion of either nerve. Here then at last we had the result obtained
by Hooper. All consciousness in this case had been suspended. Was
this abduction dependent upon unconsciousness and loss of volition ?
Hitherto we had obtained addwetion under all eirenmstances, with the
animal slightly, deeply, and entirely narcotized, and indeed when dead.
Was not this abduction, just ubtained, dependent upon the strength of
the stimulus? Was not the abduetion due rather to the greater irrita-
bility of the abduetor musecles which caused them to answer to a much
slighter stimulus than the adduetor museles? and was not this what we
might expect from the vital importance of the former pair of muscles?
Finally, did the abduection depend upon unconsciousness, or would we
obtain the same result with vollitiun at work ?

Exrermest VIIL.—Medium-sized dog, under ether only, right recur-
rent cut, and the animal well though not Eaep}y narcotized : induction coil
placed at 35; the stimulus was too weak, however, and no movement was
visible. At 34 there was slight abduetion of the arytenoid, which be-
came more marked as the stimulus was increased. At 18 the abduction
was greatest. At 16 the abduction was slight. At 14 the cord vibrated
between abduction and adduetion. At 10 adduetion was most marked.
At this last point slight contact produced a momentary abduction, which
movement passed into adduetion on full econtact and stimulation. The
abduetor muscles seemed to lose their power and become exhausted
upon strong and continued stimulation. The animal by this time had
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8 DONALDSON, RECURRENT LARYNGEAL NERVE.

periments 1L and VI.) where the animal was made thoroughly apneie,
and where for some seconds there was neither glottic nor respiratory
movement, adduction resulted from stimulation. In two cases after the
animal was dead, but before death of the nerves or museles of the
larynx, stimulation produced closure of the glottis. Under all these
conditions of unconsciousness and nareotism, then, was adduetion pro-
duced. This result followed, in these experiments, stimulation of the
cut and uncut nerve; and followed chemical and mechanieal, as well as
electrical, stimulation. Again in Experiment 1L, where the separate
branches of the recurrent to the individual museles were dissected out,
and stimulated equally, neither showed a tendency to more rapid de-
eeneration than the other.

My conelusions, then, from this first series of experiments are: 1st.
That the constrictor museles of the larynx do not cease to aet during
profound narcosis or during suspension of consciousness from any cause;
or, in other words, that their action iz not dependent upon volition, in
the sense that they loge their power with the loss of volition. 2d. That
we do not always obtain abduetion of the arytenoids when consciousness
is suspended. Under what conditions, then, do we get abduection of the
cords upon stimulation of the recurrent nerve? Such conditions must
exist, for abduetion of the cord has been obtained by Hooper, who con-
siders that suspension of volition is the one condition under which
stimulation of the recurrent nerve brings about abduction. What the
conditions are under which these abductors act was, I think, partly dis-
covered in the next series of experiments. In them it was found: 1st.
That the abduetion obtained by Hooper was in no way reflex. 2d. That
abduetion is in no way dependent upon the unconsciousness of the animal,
5. That it is with weak stimuli only that abduction of the cords takes
place, which movement of abduection gradually passes into one of addue-
tion as the strength of the stimulus i# inereaszed. 4th. That this result
invariably followed, whether the animal was slightly, deeply, or thor-
oughly narcotized ; whether the animal was eupneic or apneic, when
the dog had his medulla destroyed, and after local death had taken place.
Hth. That the rate of stimulation did not affect the general result. Gth,
That after strong and constant stimulation the abduector museles became
worn out and ceazed to answer to stimnli. Tth. That in apnea the
cords came nearer the middle line, the abductors receiving no stimulus
in this condition from the respiratory centre. Here then, I think, we
have a suggestion at least, as to the innervation of the muscles of the
larynx. And again we state that volition, consciousness, or uncon-
sciousness in no way affect the action of the laryngeal nerves or muscles.
In our first series of experiments adduetion resulted under all conditions

of uneonsciousness ; in our second series abduetion, in all conditions of

consciousness or deep narcotism : we may, therefore, east out volition as
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10 DONALDSON, RECURRENT LARYNGEAL NERVE.

toward dyspnoea and always in this condition normal respiratory museles
are called into greater play,

The constrictors of the larynx are apparently always in a state of
partial tonic contraction, and ready for use at any moment. I found
that in every case where the dog was thoroughly apneic that the cords
came much closer together than in normal breathing ; and this, it seems
to me, is what we might expect, for in apnea the respiratory centre is
at rest ; and the respiratory function of the larynx being for the moment
in abeyance, the protective or constrictor function of that organ asserts
itself. Again, it is well known that great changes ¢an be brought about
in the respiratory movements by the will ; while, on the other hand, the
respiratory cenire is the one most frequently affected by nervous impulses
from various quarters. It is not fair then to suppose, and I think the
above experiments support the supposition, that both the respiratory and
constrictor (or protective) funetions of the glottis are governed by those
laws which govern the rest of the respiratory apparatus?

It is well known that the pneumogastrics contain two kinds of fibres
—one accelerating, the other retarding, regulating, or inhibitory. Onrdi-
narily the excitation of the former predominates; for after division of
one or both vagi the respiratory rhythm becomes slower. Gentle stimu-
lation of the central end of the divided vagus produces acceleration of
the respiration ; if, however, the stimulation is made strong, the action
of the diaphragm is stopped—it is in a state of relaxation or expiration ;
this is particularly the case in the fatigue of the nerves ; the result being
due to the fact that the inhibitory fibres do not become so quickly
exhausted as the accelerating. (Burkhard.)

The larynx, then, as we have said, being part of the general respira-
tory apparatus, its inspiratory and expiratory (constricting) functions
are under the same nerve control as the rest of the organs concerned in
inspiration, and under no eircumstances are these functions suspended.

The action of the constrictor museles i= second only in importance to
that of the dilator muscles, and we do not think, in view of the results
obtained above, nor upon general principles, that nature would allow so
important a function to be suspended.

There seems to be a similarity between the nerve fibres of the recur-
rent and those of the pneumogastrie, and, on the whole, we are ineclined
to think that the great irritability mentioned above is in the nerve fibres
supplying the abductors ; the two sets of fibres of the recurrent supply
opposite sets of muscles, and may be likened to the two kinds of nerve
fibres compozing the pneumogastric—the one answering to less, the other
to stronger stimuli.

Again, it seems to me that the abductor muscles are the more irritable,
and are always ready to perform their part in the human economy; that
the adduetor musecles, on the other hand, are less irritable, but none the










