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LARYNGQSPASM DURING G:NSRAL ANALSTHESIA IN THE CAT

I INTRODUCTION

One of the sany bezards of general anaesthesia is spasm of the muscles
of the air passages - that ia laryngospaan, trecheal spass aand bronchospasn.
Vhen any one of these is severe, it can lead to hypoxia or anoxia and
death, in addition to less serious sequelae such as the formatiom of
ulcers and gannlamnta in the larynx and trachea. This theais is ccncerned
with ocne of these conditions -~ laryngospamr, which may be defimed as an
occlusion of the aditus laryngis by the action of the imtrinsic laryngeal
muscles.

The investigation has been in the nature of an experimental study on
the induction of and the smchanisms involved in larynguspmam., A clearer
definition of these mechaniams is easential if the occurrence of this
condition during anaesthesia is to be prevented. In particular, attempts
have been mmde to defime both the sites of atimulation, and the afferent
and efferent limbdbs of the larynzeal reflex respomses stisulated by the
inhelation of ansesthetic vapours. The work is an extension as well as a
confirm:tion of preliminary communications (Rex, 1966, 1967), reprints of
which are provided as appendices 1 and 2. Interest in this study arose
froa clinical experisnce and an awareness of the problem laryngospasm
presents in anaesthesia.



Fig. 1 Diagram of the larynx

Ar

A schemstic disgrem of s horizontal section through a larynx to show the main festures.

A Aditue laryngie L} False corde

Ar Aryepiglottic folds b True vocsl cords
T First trachesl cartilage v Vestibule

Ve Yentricle £ Epiglottis
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11 REVIER OF THE LITZRATURE AND AN INTRCDUCTION TO THE PROBLEM

1. A Comsideration of the Structural and Fenctional Basis
of laryngospasm

(a) The groas anatomy of the larynx

Although the detalled imternmal structure of the larynz varies
considernbly froa species to species (Regus, 19%9), a genersl descriptioa
of the larynx is poesible. The lumen of the larynx may be divided into
three aress. The anterior part czlled the vestibule, extends fros the
tip of the epiglottis cranially to the false vocal cords caudally. The
false cords or ventricular bands are two folds of zucoaa (Fig. 1, facing p.2)
which stretch from the caudal surface of the epiglottis to the tips of the
arytenoid cartilages. Caudal to the false vocal cords, the true vocal
cords stretch fros the apices of the arytenoid cartilages %o the thyroid
cartilage near the base of the epiglottis. The middle portion of the larynx
is that area between the true and false cords. It has a small aaec on each
lateral aspect, known as the veatricle. The slit between the true vocal
cords is known as the glottis. The width of the glottis can be varied by
the action of the intrisaic laryngeal mascles. The omudal portioa of
the laryageal cavity is that region between the glottia and the first
tracheal ecartilage.

In laryageal spasa in aan, either the true voeal cords alone, or the
true and false voeal cords are apposed in the midling, completely clasing
the aditus laryngis (Keatinmg, 1965). Two other types of laryngmal
obastruction in man, one where there is spasm of the false cords and the
aryepiglottic folds, and the other shere adduction of the true cords

coincides with inspiration, have also been described (Caiger and Sichel, 1954).



Pig. 2

The Cartilages of the Cat's larynx

After Elliot (1963). Cartilages of the Cat's lLaryn:.
A Arytenoid Th Thyroid

B Bpiglottis CrL Cricothyroid ligament
Cr Cricoid T Trechea

R Hyoid epparetus
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The Intrinsic Laryngeal Muscles of the Cat

After Elliot (1963). The Intrineic laryngeal Muscles of the Cat.
Part of the Tyroid cartilage has been cut away to show the lateral muscles.

A? fTreasverse arytenoid c Cricoid cartilage
CD Dorsal ericoarytenoid auscle CL laterul cricoarytenocid suscle
B Bpiglottis T Thyroid cartilage (part cut ewwy)

TA Tyroarytenoid muecle



Pig. 4 Diagram to show the Mechanism of laryngeal Closure

cD

)

(@)

After Miller (1952)
a Action of the dorsal cricoarytenoid muscles as abductors of the vocal cords

] Action of the lateral intrinsic muscles as adductors of the vocal cords

A Arytenoid cartilage C Tricoid cartilage

CD Doreal cricoarytenoid muscle T Thyroid cartilage

v VYocal cord 1 lateral cricoarytenoid auec.e

2 Thyroary tenoid muscle



Pige 5 Diagram to show the Adductor Action of the
Cricothyroid Muscle

Vv CT

(b)

After Miller (1992)
[ Cricothyroid muscle relaxed - Abduction

b Cricothyroid muscle contracting - Adduction
A Arytenoid cartilage 2  Cricoid cartilage

CT Cricothyroid muscle T Thyroid cartilage
v Yocal cord
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The cat's laryax is supported by three unpaired cartilages, the
thyroid, cricoid, and epiglottic, and by a pair of cartilages, the
arytenoids (Fig. 2, facing p.3). The thyroid cartilage forms alsost
two thirds of a oylinder and encloses the other urt'ihsn ventrally and
laterally. The epiglottic cartilage is attached to the middle of its
cranio-ventral border and the shole cranial margin of the thyroid cartilage
is connected to the hyoid apparatus. The dorsal dorder articulates caudally
with a poiat on the lateral aspect of the oricoid eartilage. The cricoid
cartilage is annular in shape and its dorsal border is broader than the
ventral one. From the csudal aspect of the cricoid cartilage there is a
membranous attachment to the first trachesl ring. The arytenoid cartilages
are triangular pyramids which articulate with the cranial border of the
cricoid cartilage. The lateral cricoarytenoid, thyroarytenoid and dorsal
oricoarytenoid muscles are attached to the arytenoid cartilages (Fig. 3,
facing p.3). The action of these muscles is to cause adduction and
abduction of the vocal cords (Fig. &, facing p.3). The epiglottic
cartilage is attached to the cremial border of the thyroid cartilage and
supports the epiglottis. Coatraction of the thyrohyoid mmuscle, stylohyoid
suscle and the @edian and inferior comstrictors of the pharyax soves the
laryax as a whole crunially. The sternothyroid muscle moves the whole
laryax caudally when it coatracts. The iatrinsio suscles of the laryax
(those which move the parts of the laryax im relation to each other) are
the ones which are gomcerved in the productica of larynguspasa. Ia this
context, the mocst important of the intrinsic suscles are the dorsal
oricoarytenoid (abductor), the lateral oriocoarytenoid, the thyroarytenoid
(adductore of glottis) and the ericothyroid which increases the teneiom of
the vocal cords amd is therefore considered an adductor (Fig. S, facing p.3).



(b) The innervation of the larymx and receptor areas shich
aay be involved in the laryngeal reflex
There are considerable differences of opinion expressed in the
literature on the imnervatioa of the larynx amd it is evident that it
varies fros species to species.

(1) Motor imnervatioa

Motor imnervation of the intrimsic laryngeal muscles is served
by the external branch of the superior laryngeal nerve on each side and
by the right and left recwrrent laryngeal merves. The extermal branch of
the superior laryngeal nerve is genmerally considered to be the oamly motor
innervation to the cricothyroid suscle in mam (Armold, 19613 Faaborg-
Andersen, 1957 King and Gregg, 1948; Lemere, 1932a, 1932d, 1933; Ogura
and Lam, 1953; FPresaman and Kelemen, 1955; Techiaasany, 1944; Vogel,
1952) and im dogs (Kimg and Gregz, 1948; Vogel, 1952). Leamere (1932a),
however, attributed the motor innerwvation of the cricothyroid msuscle ia
fifty per cent of the dogs he worked with to a third or median nerve
rather than the extermal rasms of the superior laryngeal nerve, as is
usually descrided.

In ecats, Seymour and Henry (1954) state that the cricothyroid suscle
receives its motor isnervatioa froas the extermal bramnch of the superior
laryngeal merve, but Humt and Ruffler (1954) describe am additional eupply
to this suscle by a merve from the pharyngeal plexus. Murrey (1957)
describes the role of the recurremt laryngeal merves in the imnervatioa of
the intrinsic larymgvel muscles of the cat. These merves provide the
sotor imnervatiom to all the intrinsic amscles except the cricothyroid.

He d14 not investigate the superior laryngeal merves. Murtagh (1945)
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used cats with windowe cut in the laryax to mmke direct observations of
vocal cord movesents in respomse to nerve stimamlation, and a catheter

and cuff technigue to obtain records of chamges in laryngeal voluse. In
his later experiments, Murtagh used similar techniques in goats, because
the small sise of the cat's larynx raised technical difficulties. HNe
concluded that the extermal branch of the superior laryngeal nerve in the
goat was the motor merve to the cricothyroid suscle and that there was no
evidence of motor fumctiom in the interaal bramch of that nerve. The
ericothyroid mmscle was found to be a stroag adductor of the vocal cords.
In 1954, Murtagh and Caspbell published results of experiments in goats
in which they used electromyogzraphic techniques to record the activity of
the intrimsic laryngeal mmscles. Their aim was to secure, if possible,
direct evidence as to the nature of laryngeanl spasa. The goats were
snaesthetized with peatobarditone sodium and needle electrodes were
inserted into the cricothyroid and dorsal cricoarytenoid muscles through a
tracheostoxy incision between the aecond and third tracheal rings. The ‘
electroayograas of these suscles showed shat the authors considered to be
a_ noreal respiretory patterm. They also described the productiom of
laryngospasa (high frequency discharge from a greater nusber of motor units
than had been recorded during normal respiration) by aschanical stimulatiom
of the laryageal smcosa., Observatioas shich they sade oa the effects of
bardbiturates and neurummscular blockiag agents oa laryngospasa will be
considered later in this Cheais.

(11) The afferent patbmays

There are a nusber of affereat pathways which may fors part of
the reflex arc in larynguspasa and these vary accardimg to the site of
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stimplation and the nature of the stimulus. Im the respiratory tract
itself Kratachmer (1870) described the production of apnoea, closure of
the laryax and bradycardia by cheamical, electrical, and aschanical
atimlation of the nasal mucosa in rabbits, effects which he was uncble to
elicit after aectioan of the trigeminsl nerve roots. This work gave an
early indicatios of the variety of stisuli which act om receptors inm the
upper respiratory tract. However, the fact that there are great differences
between species in the chezoreflexes makes it umwise to tramsfer observatioas
made in one species directly to another. Raamsca (1921), in a discussioa
of reflex stimulation of respirstory moveaments by stimulatioca of variocue
afferent nerves, reviewed the literature and noted that changes in
respiratory rhythm resulted from affereat impulses travelling in not onmly
the vagus merves, but alsoc the superior larymgesal, trigeainal, auditory,
phrenic, sciatic, splanchnic and other sensary nerves. He eamphesised the
fact that it is not always clear what conditioms determine the character
of an individual respomnse. GStrength of stimulus, amaesthetic used, and
the particular nerve stimulated are all importent in deteraining what the
effect will be. Ramson asserted that afferent branches of the vagus froa
the larymx, trachea and lungs exert a domimant influemce over the respiratory
centre.

Other work pertiment to these general observations is reviewed ia

the followiag sectiocas:

Stimulation of nasal sucosa, soft ate and

Allea (1929m) investigated shether the respiratory amd circulatory
changes following short imhalatioss of various vapours in rabbits and cats

with their olfactory or trigeminal nerves cut, may be attributed to direct
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stioulation of the olfactory and trigeminal nerves, or to stimulstioa of
other sites. All but two of the experiments he reports were carried out
on rabbits, but he refers his conclusions to the cat as well as to the
rabbit. He considered the poesibility of direct stimulation of the
chemoroceptors or the medulla by absorbed vapour, and discussed less direoct
effects which could result in chemoreceptor stimulation such as the anoxia
arising in the absence of respiration. He showed that inhalatioa of
odoriferous and irritating sudbstances into the nostrils produced aarked
changes in respiration and circulation. These reactions could be evoked
by stimulating either the olfactory or the trigemimal endings in the nasal
sucosa, and ocould therefore be considered direet effects. The general
effact on respiration was cne of depresaion and inhibition. Some volatile
agents caused depression and inhibition, or even complete cessation of
respiration.

The observations Allen made on the evocation of sneezing by either
olfactory nerve or trigeainal nerve receptors emphasises the importance of
recogaizsing the identity of these two receptor mechaniems im the nasal
wucosa, Odoriferous substances may be present in sufficient concentration
to stimulate trigeainal receptors as well as olfactory receptors. Sneesing
was demonstrated in conscicus or ansesthetised rabbits with trigeminal
nerves intaet, and olfactory nerves cut. VWhen the olfsctory nerves were
left intact, and the trigwainals cut, a sneese could only be evoked vhen
the animm] was comsoious. Amaesthesis abolishes the sneese response to
olfactory stimulationa. Among other compounds, ether, c¢hlorofors amd
ansbais were shown to be almsocet as effective olfactory stimulants as they
are trigeminal stimulants. Divieioa of the depressor, vagus, and cervical
syspathetic nerves at the level of the laryux did not interfere with the
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strength of the reaction in sormal rabbits sor ia rabbits with trigesinal
or olfactory nerves divided. There is a species variatioa in the stage of
ansesthesia at which the olfactory respiratory reflex iisappears. Ia
raboits it wss not inhibited until stage three, vhereas in dogs it was
abolished during the first stage of ansesthesia (Allen, 19%). Allen found
that the trigeminal respiratory reflex froa the inhalation of chlorofors
wns obliterated at about the middle of stage three im dogs and rabbits.

Extending his observations to san, Allen (1929b) demomstrated that
in normal comscious subjects the inhalation of stroang irritants produces
marked depression aad slowing, or complete arrest of thorscic respiration.
An inhibitory respiratory reaction was provoked by the inhalation of scme
agents in men under ether amaesthesia. This coasisted of a shortening,
or shortening and slowing of the respiratory excursions. Allen considered
that this was an olfactory-trigeminal reflex identical to that seea imn
rabbits.

Adrian (1953) recorded fros units in the olfactory bulb of the
rabeit, and was able to infer that receptors were stimulated by a number
of volatile aubstances, for example: xylol, eucalyptus, acetone, pyridime
and cedar. The time—-course of excitation was determimed by the physical
and chemieal properties of the substance being investignted.

Dixoa and Brodis (1903), warking maimly with cats, coafirmed
Kratschaer®'s observations on the reepiratory effects of some imhalation
agents. Stisulation of the peripheral end of either of the vagus nerves
cut in the neck in the cat was showm to prodmce am initial slight
constriction of the brenchicles followed by recovery. More intense
broachiolar constriction was observed same seconds after the stimulus had

ceased. They attributed this effect to the fact that broncho-dilator fibres



e

in the vagus nerve are particularly well developed in the ¢cat. Anaesthesia
with ether or chloroform abolished the effect of the vagus on the
bronchioles because the nerve endings were paralysed by direct absorption
of the anaesthetic through the mucous asmbrane. They found that reflex
bronchiolar ¢omstriction was best obtained by exasitation of the nasal

mucous seabrane and that little or no result was obtained by stimulating

the sciatic nerve, central vagus, or the superior laryngeal nerve.

In this theeis, the production of laryngospssa and changes in
respiratory rhytha in decerebrate cats has been described when the
naso-pharyngeal mucosa was exposed to ether vapour. Methods of modifying
or abolishing this response have been investigated.

Teitelbaum, Riees and Lisansky (1936) demomstrated that respiration
was markedly accelerated in the anaesthetised cat when the pharyngeal
mucosa or soft palate was stisulated mechanically, In some inetances,
inhibition of respiration occurred and not acceleration. The imhibitory
reflex was abolished by section of the greater pslatinme branches of the
maxillary nerve, vhereas section of the glossopharyngeal nerve abolished
the accelerator response. They also produced evidence that the superior
laryngeal nsrves sediated a minor portion of the pharyngeal inhibitory
reflex, but that the main cosponent was mediated through the pharyageal
branch of the vagus nerve. Andersen (1953) stated that touching the nasal
sucosa in rebbits depresced respiration and that the mere passage of a
stream of air through the nostrils caused stisulation of breathing,
whereas Rasos (1959) reported a complicated respomse to the passage of an
eir current, with depression of respiration being followed by increased

inspiratory activity.
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Stismlation of the epiglottis and laryax

Andrew (1956) carried out a functional anmlysis of myelinated fibres
in the superior laryngeal merve of the ret. He found that the intermal
branch of the superior laryngeal nerve (branch 1) contained the largest
sensary fibres, as judged by the size of their action potentials. These
fibres end in stretch receptors in the intrinsic laryngesl suscles aad
joint proprioceptors im the joints detween the laryngeal cartilages.

Nerve fibres fros amechanoreceptors im the aucosa of the epiglottis are
also carried in this merve. Affereat fibres of sameshat smzller diameter,
travel ia the same nerve {roa chsworeceptors im the mucosa of the
epiglottis and larymx amterior to the vocal cords. Andrew suggested that
a third branch of the superior laryugeal nerve imnervates the laryax,
below the level of the voeal cords, as well as the cesophaguas, but he

only produced evidence for its oesophazeal activity.

Presaman and Kelemea (1955), discuasing the sensory imnervatiom of
the laryax in san, stated that sensory fibres reach the laryax via the
internal branch of the superior laryngeal nerve, which imnervates it froa
its superior boundaries to the level of the lower border of the true vocal
cords. Stimulatioa of the central ead of the asevered superior leryngeal
merve in the cat will frequently result im an inhibition of respiratioa
which may last through the whole period of stimulation, even when this is
for as long as thirty to forty five secands. They cite observatioms by
Ogura and Lam (1953) to substantiate their statements. Below the level
of the vocal cords they stated that sensory elemeants are earried iam the
recurrent laryngeal nerves, am observatioa previcusly reported by Murtagh
and Campbell (1951). Presaman aad Kelemen also suggested that the

distributioa of sensory receptors throughout the larynx is ocme suited to



elicit prompt sotor reactioss in casze of meed. The degrees of sensitivity
is greatest aroumd the entrance to the larymx, a distribution which they
intsrpreted to support the theury that these receptors form part of the
protective mechanimm for the airway. They stated that selective staining
techniques had desonatrated that the sore cospact imnervatioa is on the
laryngeal aspect of the epiglottis, the aryepiglottic folds, the
interarytenocid area, and lower down im the veatricular folds. In man,

the posterior aspect of the true vocal cards, which is more exposed to
foreign material thaa the anterior aspect, is much acre geaercusly supplied
than the anterior regioca.

Frankenhaguser (1948) recorded impulses im large nerve fibres froa
the epiglottis of the raddit in time with respiratory air flow; he
postulated that there are receptors stimmlated by air sovement and that
they may be imvolved im the reflex regulatioa of respiration. Kirehner
and Wyke (1965) deseribed affereat discharges froa mechamareceptors in
the laryngeal joiat capsules of the cat. Their work provides evideace
that the primcipal immervatioa of the cricothyroid joimt is by msay of
articular branches of the ipsilateral recrrent laryngeal merve. Preasmman
and Kelesen cite Cortesi (1949) who foumd that the effeet of stimmlatioa
of the superior laryageal merve oa respiratioa iam cats, doge amd raboits
varies with the intensity of stimulation, shether the stimunlus is
electrical, mechanical, chemical, or thereal. Stroag stimmli decreased
the volume and frequemsy of breathing and evea caneed temporary paralysis;
veak stimuli imxremasd the frvquamwy amd volume of respirutioa. Presamma
and Kelesen (1955) describe the sympathetic immervatioca of the larymx, which
is considered to be concerned with vasomotor control and with coatrol of
larymgeal secretions. Dirmhuder, Greea and Tregear (1965) desvestrated
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that affereat impulses froa the larynx were tranasitted by the recurreat
laryngeal nerves when the laryax was stimulated chemically.

Dirnhuber ot al (1965), Barrisca (1962), Harrisocm and Vanik (1963),
and Barrisom, Moir and Vanik (1963), have described chemical stimulatica
of receptors in the cat's laryax. Dirmhuber et al recarded actiom
potentials froa fibres of the recurrant laryageal nerve ia respoase to
stisulatioa of the laryngeal macosa by ice—cold salime and irritant
chemicals. They found that single cold-seamitive neurcnes of the cat's
laryax car be stimmlated by irritant chenicals, whereas only oame fibre
which sas not stisulated by cold respoaded to chemicals im nine experiments.
Previous applieation of the chemicals did msot noticeably alter the response
to ice—cold saline, demmnstrating that there is 2o imteractioa between
the different kinds of stimulus. Harrison, Harrison and Vanik, and
Barrison et al used inhaled ageats as the stimulus for the laryngeal
receptors. laryageal reflex arcs probably predoaimate at the cersbral
and brain stem level, vhereas ccamscious perceptios of larymgeal stimmlatioa
may rest in the thalamus and cerebral cortex (lLam and Ogura, 1952).

Jacksoa (1922) reparted that the presesce of a foreign body in the
larynx is capable of stimulating violemt coughing. He indicated, however,
that a gondition of toleramce to mechanical stimulation may be established.

Stimulation of the tracheo-bronchial tree

Brodie and Russell (1900) stimulated the central ends of pnlmmary
branchss of the vagus merves and observed apmoea, as well as hypoteamsica
and bradycardia. They considered that this demonstrated that afferent
impulses from receptors in the lungs, trevellimg up the vagus nerves may
produce these reflex effects. Roger (1917), by blowing an inert gas
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through a trachsal caanula, produced deep, prolaaged and spmasmodie
inspirstion ia rabbits, followed by a short period of apmoea and thea
rapid respiration. Jacksva (1922), describiag his broachoscopic
observations of the cough reflex im man, recirdsd the fact that sechanical
stimnlation of the tracheotronchial mmcosa will provoke a violeat attack
of counghing. Tolsrence to the stimmlus is established quickly, provided
the stimmlus, imn this case a bronchoscope, is kept im ome place and mot
moved abocut. Tolerance is quickly lost whea the bronchoscope is resoved.
Larsell and Burget (1924), usimg radbits and doge, confirmed Jackson's
observations that awchanical stimmlatioa of the larger air passages elicits
a forced expiratory respanse and that the affereat pathway is in the vagus
nerves.

More recently ¥iddiccsbe (1958b) has reported three types of
aschanarecwptors in the ¢trachepdruurhial tree of cats anzesthetised with
chloralose. They may be distiaguished by their respomse to various
mechanical and chemisal stimmli. FKe noted (¥Widdicombe, 1954a) that reflex
coughiag iam response to @echanical stimmlatioa may be blocked Wy
intra-tracheal ether vapour or procaime sprey aasd that the pattera of
response varied with the type and depth of anmaesthetic uwsed. Bucher (1958),
discussing the pathophysiology and pharmacology of coughiag, includes
sechanical and chemical stimmlatiom of the tracheal mucosa as two of the
stimull vhich may cause coughing.

Work reported im this thesis showe that stismlatioa of apnoea and
laryngospass occurs when an isclated segment of trachea, with its merve and
blood supply iamtact, 13 exposed to ether vapowr. It has slso been
deaonstrated that laryngospase may be stimmlated whem ether vapour is
{nhaled into the distal trachea and lumg ded, an observation consisteat
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with Comroe’s statement (1965a) that chemnreceptors are presemt in the

lung ded.

Stimulation of the abdominal viscera and diaphragm

Brewer, Luckhardt, Lees, and Bryaat (1934) reported a series of
experiments on dogs under peatobarbitone, ether or paraldehyde anaesthesia
in which adductor spasm of the glottis occurred after electrical stimulatioa
of the splanchnic nerves or tractiom oa the mesentery. Brever and Bryaat
(1935) carried out further experiments in dogs umder ether amaesthesia
before and after sectioa of the splanchnic nerves. They concluded that
the splanchaic nerves were the omly omes providing an affereat pathway
for this reflex froa the abdoainal viscera.

Reeve, Nanson and Rundls (1951) reported that periods of apnoea
were common durimg upprer abdominal operatioas in men, but that they occurred
infrequently in other abdomimel operations. They were mainly associated
with intraperitoneal mamipalationms of the upper abdominal viscera.
Pressure, tension and friction applied tu the deep surfaces of the parietal
peritoneum were the stimuili which caused this effect and the affereant
pathway was said toc be in the intercostal merves. They demonstrated the
sase reflex in rabbits and dogs. The surgical stimuli were the same as in
sas but in the rabbit the receptor field was larger. Closure of the
glottis occurred in the rabbit at the height of, or during, the last
inspiraticn before the respiratory imhibitiom. The lungs were then held
in inspiration, or the glottis was opesed a little to permit a alow
expiration. Im the dog and the rabbit depressios of the diaphrega,
caused by treection, slowed or arrested respiratioa and increased the
functional residual air. This reflex was abolished by sectioa of the
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vagus nerves ia the cervical region and the suthars suggest that it may
be the imflutioa Herimg-Breuser reflex. An equally plsusible explsmatioa
is that it may bde the result of stimlatioa of receptors ia the diaphragms.
It vas not seem ia man, aand they saggested that this may be because

there ia less tragctioa applied to the diaphragm during operation. They
suggested that the inhiditory respiratory reflex may be beat adolismhed

by local anaesthesia of the parietal peritomeum. In their experimentes,
respiratory records were obtaimed by the use of a spiroseter im both rebbits
and dogs. Im rabbits they had odserved the behaviour of the larymx
directly by cutting am 8 ma hole in the anterior wall of the pharynx just
above the thyroid cartilage and gently pulling the epiglottis through the
wound, or the sise of the laryngesal orifice was measured indirectly by
asasuring the resistance of the laryax to a streas of air blown through it
froa below.

 (e) laryngeal closure and its function

Theories of laryngeal closure were suggested by a numder of workere
in the ninmeteenth century. Wyllie (1866) carried out experiments on the
busan larymx cbtaimed at post mortes examinations and concluded that there
is a doudle valve mechanisa withia the larymx which is capable of
controlliag both the entrance and exit of air. He postulated that vhea
the true vocal cords were in appositioa they would prevent the entrance of
air, but not its exit, whereas apposition of the false vocal cords was
capable of preventing even 2 powerful curreant of air passing through from
below. Brumton and Cash (1883) carried out experimeamts which confirmed
Wyllie’s work om the actica of the true and false cords.

Semon (1890a) made odaervatioas oa the sctiom of the laryax im quiet
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respiration im ssa. He concluded that im mam the dorsal cricoarytemoid
suscles (dilatora of the larymx) are norsally in a state of partial
contraction, that this contraction is tonie in nature and that the afferent
impulses involved in the reflex are mainly comducted along the vagi. The
adductor muscles of the voeal cords have prizmarily nothing to do with
respiration asd are limited to assisting in the protectioan of the lower
air passages against entry of foreign bodies amd in the mechanisa of the
sodified forms of expiration, coughing and laughing. Later im 1890,
Seson and Horsley published the results of am experimental investigation
of ceantral sotor imnervation of the larymx. They believed that the
stiamlns for phomatory laryngeal movemeats may origimante im the cortex
and the stimnlus for respiratory laryngeal movesents in the bulbar region.
By stismulating the floor of the fourth ventricle, they localised areas
shoee stimnlation resulted im adduction amd abduction of the vocal cards
respectively. They noted that results varied when intemsity of
stisulation was not kept constant, or whea an even depth of anaesthesia
was ot saintained. Differences im respomse between species, and even
differences between different animals within a species were observed.

Semoa (1890b) publiehed more details of the work leadinmg to his
conclusions about the reflex tomus of the abductor muscles and the function
of the sdductors. His conclusions were based on evidemce from "trustworthy
observers", direct comparative measurements of the width of the glottis
during quiet respiration and after death, and on the results of animal
experinents. When he stimmleted the cut ead of the recurremt laryngesal
nerve, in oost species the correspamding vocal cord wes drama towards the
aidline. He stated that the cat proved to be an exceptica to this genmeral

observation, but gives no details of any experimnts om cats. #hen the
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adductor and abductor muscles were stisulated equally strongly, the
overall effect was adduction. He cosmented that this observation was
incompatible with theories which had deen expressed previously that there
is a doainasnge of abduotor over adductor tome in the laryax.

More recently, Rattenborg (1961) has postulated that in man the
larynx plays am isportant part im the regulation of frequency and depth
of breathing. He has shown that the resistance of the larynx decreases
when resistance to expiration is increased. He cospared free exhalation
through the amouth with exhalation through the nose and graded resistances.
He suggests that the larynx is the primary site of, or at least aa important
contridutor to intrinsic adjustaents of airwey resistance.

The curreat opinion of the majority of ansesthetists has deen put
forward by Keating, who states that the primary purpose of the intrinsic
adductor suscles of the larm is to protect the airway and prevent foreign
material reaching the lungs (Keating, 1965). He stresses the importance
of recognizing that blood, saliva, muous and voasitus provide a stimulus for
laryngospaas if they are allowed to accumulate im the regioa of the
anterior laryaxe The fact that irritant imbalation anaesthetics may
produce the same effect is noted. VWhen the laryngeal aperture is diminiahed,
but not obliterated, a "crowving" noise is heard at imspiratioa amd respiratory
effort is increased. Coaplete spasm is indicated by a sileat state, in
which no gases may pass the tightly closed glottis, despite considerable
respiratory efforts in those ¢ases where the spass is not accospanied by
apnoes. laryngospasa presents a potential basard, which too frequeantly
becomes a real danger to the maintenance of a clear airway during genersl
anaesthesia.

The present review of some of the more ispoertamt comtributions to
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the literature on respiratory reflexes makes it clear that reflex
laryagospass, bronchospasa, coughing and changes in respiratory rhytha say
be stimulated by the response of various types of receptors im a broad
distributioa throughout the body. A major part of this investigation has
been concerned with the definition of sites of stisulation, types of

receptor, and nerve pathsays imvolved in the production of these reflexes.

2o The Clinical Significance of Laryngospasm

Laryngospass has been defined as an occlusion of the aditus laryngis
by the actiom of the iatrinsic laryngeel mmscles. It was considered
essentially to be a protective reflex by Keating (1965) and is euppased
to prevent foreign material reaching the tracheobronchial tree and lumgs.
Bronchospasa, a condition in which contraction of the bronchial mmsculsture
causes coastriction of the smsller air passages, may be associated with
laryngeal spaza in some circumstances. Edwards, Morton, PFask, and Wylie
(1956) state that "uronchospama™ is a term oftem used by anaesthetists
to denote a state ia which inflatiom of the lungs becomes increasingly
difficult or impossible. In all sixteen cames listed in their report it
was possible to defime a czuse or a stimulus which was respoasible for the
bronchial comstriction amd they esphanise the likelihood of the occurrence
of "bromchospama™ wvhea protective reflexes are inadequately suppressed.

The exact nature of the mechanisa of "bromchospasa" bas not been determined
and it is interestimg to note that in some cases it may be relieved ia
dogs by the intravenous injection of a mmscle relaxsat (Rex, 1963). Evans
and Gray (1965) report that bronchospasm may be relieved whea complete
mascle paralysis is produced and draw attention to the apparent comnexiom

between what seems to be bronchial spasm and a lack of cosplete muscular
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relaxation. These observations are particularly interesting becsuse
the muscle aroumd dbronchioles and alveoli is smooth (Macklis, 1929).

(a) The importance of laryngesmass and bronchospasa in man
and animals

There are many references to the fact that laryngospasa and
broachospamn add to the hasards associated with anzesthesia in both man and
animals. Ia 1949, the Association of Ansesthetists of Great Britain and
Ireland undertook a project encouraging the veluntary reporting of
anasesthetic deaths (Anaesthesia, 1949). The respomse was such that by
1955 one thousand reports had been received. These were studied by a
comaittee and the results published (Edeards et al, 1956). The report
shows that during the period under comsideration ome im twenty of the deaths
vas the result of respiratory obstructioan of one sort or amother. Of
these fifty deaths, laryngospasm alome occurred in three, widespread spasm
of the respiratory muscles including those of the larynx during expirationm,
occurred in nine, sixteen were reported ss displaying broamchospasa, im
sixteen cosplicatioms of endotracheal imtubatioa occurred, apd six had an
"upper respiratory obstruction™ im the form of a neoplasm or oedema of
the glottis aasociated with the climical coasdition. Other authors to
comnent on this problem are Bamforth and Siebecker (1963), who state that
laryageal spasm is potentially the most frequeat sowrce of respiratory
obstruction during inhalation ansesthesia in man, and Lewis and Swerdlow
(1964) who report that cardiac arrest is a hasard of endotracheal
intubatiom.

Ia a discuasion of the laryageal sequelase of endotracheal intubatioa,
Wolfson (1958) mentioned laryngeal granuloma formatiom as ome of the major

complications encountered. In some cases this wsas a result of difficulty



in intubatica through atteaptiag the procedure when there was partial or
complete laryngsal spamm. Another cause may be clampimg of the cords
against the tube during amsesthesim. VWylie (1950), and Lewis and Swerdlow
(1964) have also reported trzuma durimg direct larymgusceopy for intubatioa
whea mmscle relaxatioa and reflex suppressios were imcosmplete.

Lambd (1963a), Westhues amd Fritsch (1965a) and Ball (1966a) state
that laryageal spasm has been reported durimng general anaesthesia ia all
species of domwstic anismls, but that the comditioam occurs most frequently
in cats, especially shen they are subjected to high concentrations of ether
vapour or when there is excessive mucus, aamliva, or blood im contact with
the larymx before the protective laryngeal reflexes have beem subdued.
Broachial spasa is also sentioned as a hazard of general amaesthesis in

all species by these authors.

(b) Coaditioms under which larynguspasm occurs

Guedel (1951) considers that two separate mechanisms coatribute to
the occurremce of larymgeal spasa durimg clianical anaestheaia. The first,
in which there is direet irritation of the vocal cords, occurs wvhen there
is a sudden iscrease in the concentration of the irritating vapour at the
mask when the depth of anaesthesia is iasafficisat to suppress the vocal
cord reflex; onmnce such a direct spasa is established, it may be difficult
to relieve, and thirty to forty five mimutes may elapse before "free
respiratioa” is established agnia. The second mechaniam he cousiders is
damage to the tissues, with tractiom om abdominal or pelvic viscersm deing
the sost isportmmt stimulus involved.

That the inhalatiom of irritant vapours and amsesthetic agents my

produce laryngmal spasm, apacea, coughing or bdronchospass in man and



animale is supported by the work of Allea (19292, 1929%), Comroe (1965%),
Earrisan et al (1963) and Rex (1966, 1967). Allen used seventeen volatile
substasces as well as ether amnd chlorofors on unanasesthetised human
subjects, sleeping sudbjects, and ome who sas anoszic. He also carried omt
inhalation teets on ansesthetised subjects at the end of operation, but ia
this case he used caly five of the volatile ageants and included neither
ether nor chlorofers. Comroe records the occurrence of reflex spmoea,
laryngeal closure, and bronchoecocmstrictica as possible results of chemiaal
or sechanical irritation of the nasal passages of some animals. HNe
states that in the rabbit, the reflex apmoea follovimg imhalztiom of ether
or chlorofors may be so prolonged as to cause death. Comroe esphasises
the need for more inforastiom about the immedizte respoase of mam to a
variety of gases and vapours wsed in clinical anaesthesia. The same
statement may be applied to the situation im animal ansesthesia. Harrison
(1962) cospared the dwrmtiom of active respiratory responses to irritatioa
of the respiretory tract dariag anaesthesia with different agents. The
irritant stimmlus he used was a puff of cigarette amoke. Harrison suggested
that the differences in duration of response are determined by the streagth
and duratioa of the stimulus and by the effect of the anaesthetic agent.
His propositioa was that the amsesthetic agents may sensitize receptors, act
oa the respiratory centre, or even m:0dify respiratory mmscle activity.

laryngospasa produced by high comcentretions of irritast vapours msay
reduce the amount of these vapours reaching the lung. Inert dusta, smoke
and low concentratioas of gasecms irritants imrreass airway resistance ia
asn, evea when the concentratiom is too low for the subject to be aware of
it, or too low to elicit the cough reflex (Comroe, 1965%).

The second eschaniss meatiocned by OGuedsl is well supported by the



report by Reeve et al (1951) referred to earlier in this literature revies.
The technique used im the upper adbdaminal operestions they deacribe was
"morphine~-thiopentone—d-tubocurarine asacathesia" (tbat is, thiopentome
administered after a sorphine presedication and using d-tubocurarine as
a msuscle relaxant). Periods of apnoea also occurred in patieats wader
other camdimatiocas of anaesthetic drugs and they were maimly associated
vith intraperitoneal manipulatians to the upper abdamimal viscers.
Laryngeal spasa has also beem reported as being produced by mechamical
stisulation of the epiglottis during attempts at imtubatioan, wvhen the
glottic reflex was not abolished by deep anaesthesia, a suscle relarant,
or a local analgesic spray of the pharymx and aaterior larynx (Bamforth
and Siebecker, 1963). [Under conditions of light thiopentome narcosis,
Dundse (1965) states that there is an apparemt increase in the semasitivity
of the laryngeal reflexes, wvith an increased incidemce of laryngospama
over that observed whea inhalation techniques are used. He suggests that
this is probably due more to a failure of the barbiturates to depress the
laryngeal reflexes, than to any stimmlamt actioa. Coughing, snsezing,
hiccup or trumchospass are also stated to be common with the barbiturates.
The presents of excess sucus or foreign bodies ia the upper respiratory
tract are predisposiag causes. Dundee considers that this may be
because thiopeatome depresses the sympathetic mervous system sore tham

the parasyupathetic systes.

(¢) Methods suggested for preventing laryngospasm

Rosen (1960) states that severe larymgwal spass in man is less comaacn
than it was formerly. This is probably due to the wider use of muscle

relazant drugs, shereas farserly atropine, used in pre-ansesthetic sedicatioa
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vas the caly ageant which would contribute to the control of laryag-spasa.
Rosea discuases the raticaale of the wee of atropime ia doth preventioa
sad treatagat of laryagnspass. Harrisan and Vanik (1963) have also
discussed the effect of atropime ca the incidsace of laryngeal spasa. The
conseasus of opinicn seems to be that atropime does not prevent laryngospass,
although it may remcve some of the predisposimg causes by suppressing the
secretioa of saliva and micus. Effects of atropime are coasidered ia
more detail at a later stage in this study. Lumb (1963s) stated that
atropine may be used as pre-anaesthetic msedicatioca to prevent laryggrsmas
and he comsiders that it may be used in the treatseat of the conditioca
once it develops.

Other methods which have beea advocsted to bhelp in the preveantiom of
laryngospasa are the use of an increacsed depth of ansesthesia, mmscle
relaxants, or local analgesic sprays (Goedel, 1951). Among the precautions
Levis and Swerdlow (196h) suggested for avoiding cardiovascular bagards
of endotrecheal intubatioa were the msaintenamce of adequate oxygenation,
prevention of laryngeal spasa, coughing and bucking, use of a mmscle
relaxant or deep anmesthesia, and blocking of autoncaic reflexes by

applicatioa of a topical analgesic to the laryngo-tracheal mucosa.
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IITI EXPERIM.NTAL PREPARATIONS EMFLOYEID AND THE ACTIVITY COF THE
LARYNGEAL MUSCLES AND THE DIAFHRAGM DURING QUIET RESFPIRATION
AND INFLATION AND DZFLATION GF THz LURGS

1. The Experimental Preparatiom

The cat was chosen for this study of laryngeal reflexes because it
was easily available and relatively easy to handle. lLaryngospasa is more
common during anagsthesia in the cat than im other species of domestic
anisals. There is a fair mekgroumd of anatomical study on the cat aad
a considerable body of evidenmse on respiratory reflexes has been accumulated
in this species. The enimnls used were clinically healthy amd had not
been submitted to anaesthesia for a period of at least one month before they
were used in an experimsent. One hundred and fifty two cats were used in
the study of shich sixty four were males and eighty eight females. They
were a variety of ages and their weights ranged fros 1.2 to 5.9 kg.

It was considered necessary to have a record of the activity of the
laryngeal zuscles and diaphrega during quiet respiration in each preparestion
before any stimuli were applied. It was also essential that the activity
of the larynx and diaphrags should not be cosplicated by the additiom of
maintenance doses of ancesthetic agent durimg the course of an experiment.
In an attempt to provide such conditions, the following technigues were

considered:

(a) The administration of chlaralose imtravenously
after imdustioa of anassthesis with halothane

',-..ka

(b) The productiom of a decerebrate animal after

induction of amaesthezia with a wolatile
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anaesthetic, for example halothane by mask.
(o) MKaintenance of ansesthesia with other agents.
These are discussed in detail in the following sectiones.
(a) Maintenance of ansesthesia with chloralose

Reffter (1889) was the first to isolate and describe chloralose.
This publication included an account of the chemical rather thaa the
pharaacological properties of the drug as it was written for a cheaical
Journal, A description of the pharsacology of chloralose by Hanriot and
Richet in 1893 stimulated Heffter to publish an account of his experiments
in frogs, dogs and rabbits (Eeffter, 1893). Hanriot and Richet (1893),
working with dogs and cats, reported that when chloralose was injected
intravenously or administered either intraperitoneally or by mouth, it
produced loss of consciousness and analgesia. Spinal reflexes were not
aboliah04 and the animals showed hyperexcitability to mechanical stisuli.
The blood pressure was raised and thsz drug appeared to produce no disturbtances
of cardiac rhythm. Respiratory movemente tended to be rather irregular.
Tezperature control was lost and the animals tended to shiver. They
considered that chlorelose was a useful drug for physiological experimental
work beoause it rendered animals unconscious and free from perception of
pain without interfering with reflex activity. The only disadvantage
they reported, was that because of its low solubility a large volume of
solution had to be injected to provide an effective dose. Heffter (1893),
using the drug in frogs, dogs and rabbits, demonstrated excitability of
reflexes in all three speciee during loss of consciousness. He considered
that chloralose provided paralysis of the cerebrus and that higher doses

produced paralysis of the respiratory ceatre. The treadling reported by
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Hanriot ani Richet (1893) was also observed by Heffter. Bloed pressure
was saintained unless there was a considerable reduction in respiratory
rate. Heffter conaidorod that when overdosage with chloralose occurred,
death was due to paralysis of the respiratory centre.

Chloralose has been used extensively in the cat for experisental
work in which a prolonged period of anaesthesia without depression of
reflexes is required. W#esthues and Fritsch (1965b) recommend a dose rate
in cats of 50-70 mg per kg given intravenously, Lumb (1963b) recomzends a
dose rate of 79 mag per kg. #iddicombe (19S5ka, 1954b, 195ic) used
chloralose at a dose rate of 60 mg per kg to anaesthetise cats for the
investigation of respiratory reflexes originating from the stimulation of
receptors in the trachea, bronehi and lunge. Green and Neil (1955) used a
mixture of chloralose and urethane intraperitoneally in an investigation
of the respiratory function of the laryngeal muscles. Wang and Nims (1948)
reported that chloralose depressed respiration in cats, and that the drug
also depressed the stimulating action of carbon dioxide on resriration.

Chloralose has the advantage that it allowas the neuraxis of the
animal to reaain intact while a relatively atable state of ansesthesis
can be maintained over a long period. If induction of anaesthesia
is achieved w¢ith an inhalation agent before the chloralose is
administered, the inhalation agent msy be largely eliminated via the
lungs before the experiment is started. Disadvantages of chloralose
are a tendency for the animal to be hyperexcitable and a possibility
that the drug may interfere with, depress, or augsent reflex effects
during an experiment. This leads one te ask if the respomses observed
during the course of an experiseat are a true result of the stimuli

used, or an indication of the acticn of the stimulus in relatioa



Pig. 6 Diagram to show the Level of Transection of the
Neuraxis in a Decerebrate Preparation prepared by

Intercollicular Section
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After Lovatt Evans (1949c) Longitudinal section of a cat's brain.

AC Anterior colliculus < Cerebellum
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to chlaralose. Chlormlose was used in twenty four cats in this study, it
was administered intravenously at a dose rate of 65 or 70 =g per kg after
induction of anqsesthesia with halothame by mask. No substantial
conclusions have been derived in this thesis from experisents perforwed
under chloralose alome. Similar experiments have either been dome im
decerebrate preparations or conclusions have beem supported by work done

under conditioms other tham chloralose anzesthesia.

(b) The decerebrate preparatioa

Section of the brain stes at a midbraim level leaves both the poas
and medulla oblongata intact and coanected with the spimal cord through
their deacending pathways. A state of hyperactivity of the stretch
reflexes ensues, giving rise to "decerebrate rigidity”. The rigidity of
the decerebrate preraratioam was deacribed clearly by Sherrington (1898).
He regarded "decerebrate rigidity”™ as the result of releasing the lower
brain stem froa the control of the higher centreas of the forebruin.
Decerebration by imtercollicular sectiom involves the tramsectioa of the
neuraxis anterior to the bony tentorium, with the animml under am
inhalastioa anaesthetic (halothame in the case of experisemts described in
this thesis). Fig. 6 (facing p.27) shows the level at which the neuraxis
is transected.

An alteraative method of deceredration in cats by the productioa of
ischaemia of the forebrain sas described by Pollock and Davis (1923).

They achieved this by ligatimg the baasilar artery with the cat under ether
anaesthesia. The basilar artery was exposed by trephiaiag through the base
of the skull in the midlins between the tywpaniec bullae. The dura mater

was expased, and the basilar artery ligated. The common carctid arteries



Pige 7 Diagram to show the Level of Decerebration of the

Neuraxis in the Ischaemic Technique

After Pollock and Davie (1923)
Methylene blue has been injected intravenously before death. That part of the neuraxie
with an intact blood supply is stained, the ischaemic area remains unstained.



were thea ligated and a decerebrate preparutioa resulted. PFig. 7

(facing p.28) shows that decervtratioa by ischasmia causes loss of fumctiom
of the anterior half of the ceredellum, the cersbral heaiepheres, and the
whole of the neuraxis anterior to the mid-poas. Polloek snd Davis (1923)
argued that operations for the prodectioan of decersbrate preparatiocns by
transectioca of the Lraim stea were attanded by a2 high sortality and
considerable shock. They suggested that frequeatly some part of the
brain, anterior to the poimt of section, reaained intact and that haemorrhage
was uncontrolled and immessurable. They stated that shock wounld alter the
properties of the preparation and that other untoward symptoas might be
seen becsuse of haemorrhage causing compression of brain tisswve caudal to
the sectien.

Follock and Devis' technique of ischaemic deceredration was atteampted
in twventy three cats durimg the course of this stedy. Although snecessful
decerebration vas achieved in fifteen of the tremty three cats, their
bebaviocur as experisental preparations sas mot coasisteat. Ia the author's
hands, the techmique took much longer tham that of imterccllicular sectioa
and the results vere not predictable. The survival times of these
preparations varied from thirteen minutes to over elevean houre. Im seven
cats, profuse haemnrrhage occurriag durimg attempts to ligate the basilar
artery caused the abandonment of the exparimmat. Pollock and Davis suggested
that the ares of the brain readered ischagmic aight be mapped ocut by
injecting methyleme bluwe solution intravencusly. This procedure was
carried out in six of the twenty three cats. Staiming was identical with
that illustrated im Fig. 7. except in the case of ome cat, im which a large
brunch of the baailar artery supplying the ferebrain was noted just
posterior to the ligature. Althomgh fifteen of the tweaty three cats



exhibited decerebrate rigidity, they also exhibited hyperexcitability
when the pharynx and larynx were stimulated and proved umsatisfactory
preparatioas for an imvestigation of the laryngeal reflexes.

The asjority of experiments vhose results are reported im this
thesis were performed on decerebrate preparations which had beem produced
by intercollicular section. These preparations had the advantage that
no further anaesthetic was needed osce sectioa of the neuraxis had beea
carried cut. Anaesthesia durimg the process of decerebratioa was provided
in the earlier experimeats by halothane and ether, and later by halothane
alone. These volatile anaestheties were almost completely excreted via
the lungs before each experimeat was started. There was thus unlikesly
to be a significant pharmacological effect continuing through the experiment.
This represented an advantage over chloralose ansesthesia. A major
disadvantage, is the possibility of haemorrhage and shock occurring during
the process of decerebration. This may be avoided by careful techmique
and the Jjudicious use of warm saline, cottoa wool packs, and suction.
Gentle surgery and the control of haemarrhage resulted im the majority of
preparatioas being satisfactory for experimeats on the laryngeal reflexes.
Although it was not possible to definme the exact level at which the
neuraxis would be sectioned, the use of a standardized technique ensured
that section was at approximately the same level in every preparation.

The fact that experimental results were repeated without difficulty im
different preparations suggests that accurate section of the brain at a
perticular level is not important in relatiom to these reflexes.

(c) Haintenamoe of anaesthesia with other ageats

torkers in the field of laryngeal aand respiraetory physiology have used



a nsumber of ageats other than chloralose for the maintemance of anaesthesia
in cats. For exanple, Fink and Kgai (1959), Milojevie and Bast (1964),
Floyd, Negus and Keil (1957) and Kirikae, Hirose, Kawamura, Sawashima and
Kobayashi (1962) have used pentobarditome sodimm by the intrevencus or
intraperitoaeal route. Bursteim and Rovenstime (1933) anaesthetised cats
with various short acting barbiturates (including pentobarbitone) which
they administered intravenously. They demonstrated adduction of the vocal
cords and hyperactivity of the laryngeal reflex during this type of
anagsthesia. The findings of Burstein and Rovenstine saggest that
barbiturates may cause a sensitization of the laryngeal reflex. For this
reasoa, barbiturates were not used to anaestbetize cats in this study.

Urethane has beem used by many workers for proloanged amaestheaia ia
the cat. It produces a loag period of light anmestheaia, but it has
undesirable side effects such a8 emesis and excitement. It has also been
suggested that urethame may have carcimogemic effects (¥Wood, 1956). For
this reason care must be taken to avoid contact with urethame or its
solution.

Teitelbaum et al (1936) and Nanjo (1955) used ether to anaesthetize
cats for the imvestigation of respiratory reflexes amnd recpirataory
muscle activity respectively. Ether was used as an adjmmct to halothane
ia the earlier «xperimsnts in this stuedy. Its use was discontinued, to
elixinate the possiblity of semsitization of chemoreceptors by ether.

Ia the work reported bere, both decerebrutioca and the intravenous
administration of echleralose were found to produce stable preparations.
Experiments of up to mine hours duration were carried owt with conaistently
reprodugible results. PFor these recascns, therefore, preparations
anacsthetized with chloraleose, or decerebrate preparations were used



throughout this study.

2e Methods Used to Investigate the Activity of the Laryngeal Mascles

The laryax can be observed directly if the cat's jaws are held open
with a gag. This method of odservation proved unsatisfactory because a
perunnent recard of wvocal card activity could mot be obtained. Cinme
photography of the cords was considered to be izpractical because of
limited access and exrense. Evea if recards of the movements of the woecal
cordes during quiet respiration could have beea cbtained, it would have dbeea
impoasible to film cord activity during administratioa of inhalation agents
by mask.

Electromyographic records of the intrinaic mmscles of the laryax may
be obtained with needle electrodes (Adrima and Bromk, 1929) inserted into
these suscles. The mmsgle activity can be monitored from leads fram the
nsedle electrodes to the impat of am azplifier by feeding the signa2l to a
loudspeaker. This techaique say be cosdined sith direct observatica of
the larymgea)l muscles. Perumment recards of such muscle action potentials
can be obtaimed by photographing the display prodmced when the aignal
froa a needle electrode is amplified appropriately and displayed oa a
cathode ray oscilloscope. Another method of obtainiag a pmmamt recard
is to feed the sigmal into a multi-channel recorder. The recordiag of
actioa potentials froa mmscles during their activity is kmnown as electromyography,
in its most precise form it imvolves the muse of high speed recording
systems such as an oscilloscope and recording camera. This was the
method selected for recording mmscle activity ia thig study.

(a) A historical comsiderationm of electrosyography

In the eighteeath century, Galvani had observed that skeletal mmscles
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produce a detectable voltage when they contrect. He also showed that they
would comtract if they were stimulated electrically. Reurophysioclogists
and anatomists im the twentieth century, notably Adriam and Broak,

Basma jian, and Deany-Brown, developed techniques for recording the electricsl
potentials produced by active muscles. The introductiom of the conceatric
needle electrode by Adrias amd Broak (1929) wmas a considereble step forward.
Weddell, Feinstein and Pattle (1944) were the first to report oa
electromyographical investigations of the emscles of the larymx im saa.
Their reocords of laryngeal activity formed a samll sectioa of work oa the
body susculature as a whole. Since Weddell et al (1944) publisbed the
results of their work, mamy papere have appeared describiag the use of
electrumyography fer the investigatiom of laryngsal agtivity iam sesn (for
exasple: Buchthal, 1959; Fssborg-Andersea, 1957, 1965; Faaberg-Andersen
and Buchthal, 1956; Faadborg-Andersen and Edfeldt, 1958; Faaborg-Andersen
and Vemnard, 196%; Katsuki, 1950; Portsaan, 1956, 1957; Fortmann,
Humbert, Robin, lLaget and Vannier, 1955; Portaann, Robin, Laget and
Duncombe, 1959; Roasier, NMieporent, Fipberger and Kalin, 1936; amd Spoor
and van Disboeck, 1958) and in animals (for example: Doty and Boam, 1956}
Fessard and Vallancien, 19563 Kirikane et al, 1962; NMilojevic and Bast,
1964; Murtagh and Campbell, 1954; and Nakamura, Uyeda and Sonoda, 1958).

(b) Techaniques for electroeyography

The tso main types of electrude used in electromyography are surface
electrodes and electrodes imserted iato the mmscles being studied. The
latter have usually been needles. lLocalised recording froa a siagle
amall mmecle is aot possible usiag a plate electrode ualess the electrode
can be placed directly on the muscle in gquestion. The record is complicated



33

by the activity of other suscles in the vicimity. For this reasoa, plate
electrodes were not used at any stage im this investigatioa.

The most commonly used needle electrodes are the conceatric type
first described by Adriam aad Broamk (1929), and these were used throughout
the work reported im this thesis. These concentric needle electrodes
consisted of a stainless steel hypodermic needle of outer diameter 0.018"
which contained am imsulated 0.005" diaseter staialess steel ceatral cors.
The angle at the meedle tip is 22°. Action potemtials are mezsured between
the tip of the centrel core and the eurrcunding needle shaft. The comcentric
needle electrode bas advantages over the surface and unipolar types in
selectivity, frequency response, and moise level (Becksr and (hamberlin,
1960). In the acute experiments which fors the basis of the work
reported here, few problems were encountered in retaiming electrodes im
position during am experiment. In future work, however, whea it is
envisaged that electrodes will be implanted im chroaic preparations,
stainless steel wire loop electrodee (Basmajian, 1962a) or something similar
will have to be used.

Basmajian (1962b) recommends that the leads from needle electrodes
should be coanected to a high gain amplifier with a selectivity for
frequencies in the renge fraom ten to seversl thousand cycles per secosd.
Buchthal, Guld and Roseafalck (1954) comaidered that a ramge of 2 to
10,000 cps was necessary to preveat distortioa. The signal froa the
asplifier can be fed into one or more czthode ray oscilloscopes and the
traces recorded photographically.

Other methods of revanrdiag, involvimg the use of imk-writiag or hot
stylus recorders, have the isportast diaadvantage that their mechaniocsl
systems are not responsive emough for electromyographic work. These
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Pig. 8 Block Diagram of the Recording System used for

Electromyography
N N
=d
o
C P . P e
Mo o

A Audio monitor CRT Two channel cathode ray oscilloscope
J Junotiom box L] Needle electrode
P  Pre-amplifier



recorders are not capable of reproducing sigaals of over 100 cpe

aecurately. Ultraviolet recorders may provide a satisfactory alterastive

to photographic srecardiag.

(e¢) Development of a recardimg technique

In this investigatioa a method of recording was required shich would
both provide accurate records of the activity of the laryggeal muscles
and record the respiratory cycle simultameocusly. The activity of the
laryngwal msscles could them be related to eveats im the respiratory cycle.
This was achieved by placimg a second mdlo.ohetrodo in the diaphragm.

In the early "pilot" experimeats, the electromyograph was followed from
the output of an audio-saplifier. No record was obtained. The mext

step wvas to feed the signals from two needle electrodes into the amplifiers
of a tmo beam D33R Telequipment oscilloscope and into two audio-amplifiers
(Pig. 8, facing p.34). A continuous record of the oscillations in the Y
axis of stationary beams (no sweep) could be obtained by using a csmera
(Telequipment) which moved film past the beams at a constaat speed.

Agfa ARP2 paper was used im the cammre whose fila trunsport speed oould

be varied from O.l inches per esecoad to 9.0 inches per secamd. The camera
cassettes hold 25 feet of 35 am fila or paper.

A satisfactory record was not obtained with this apparatus. Ia an
attempt to overcome the problems introduced by noise and interference
(which will be discussed more fully later), 2 pair of balanced
pre-amplifiers was introduced between the preparation and the osecillescope.
These pre-amplifiers were battery powered, and of the design of the Queens
Square Natiomal Hospital, each had a 1 aV calibrator incorporated in its
circuit. The time marker was a mechanical one provided in the camera



Pig. 9 The Effect of Excessive Intensity of the Oscilloscope

Trace

Anaesthetized cat 3.0 kg. Cr.loralose (60 mg per k¢) afier Lalothane/ether induction,
Electramyograa frow diaphragm during inspirat:on,
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from a flash of light every ome fifth of a seccad. For this a synchronous
clock motar was used %o drive a rotatiag disc which had a slot cut ia it

o0 that a flasmh of light occurred every ocame fifth of a second. This was
directed tomards the camera by a perspex rod. Later im the study a

large screen moaitor vas added to the circuit. This mede both photographic

recording and coatimmous visual moaitariag poseible.

(d) Difficvlties encountered in obtaining a satisfactary recard

Too great an intensity of the oscilloecope trace im relation to the
camera aperture, caused am increase in width, and blurring of the
photographic record of the trece (Fig. 9, facing p.35). This problem was
overcoas by adjusting the oscilloscope inteansity and the camsera stop.

Care sas needed to emsure that the paper or fils tremsport speed mas
such that a clear record of actioa potentials was obtained on a length of
fila which could be handled easily and which avoided the problems of
interpretation which arise when the resting trace is teo short or whea
traces are cut im the aiddle of a respomse. After using a mumber of
different speeds in the early stages of the imvestigation, a paper speed of
aprroximately half an inch per second was chosem.

When potentials of 1 aV or less are being recorded, the eliminatioa
of backgound noise and interference becomes extremely important.

Thitfield (1959) defines ™moise level™ as the degree of ramdos movement

of the base lime due to spontanecus fluctustions ia the systea. Somxrve
aoise i1s a fumetion of the ispedance and the tesperature of the sigmal
source. This is unsvoidable, but it can be limited by using an instrument
which does mot respand to frequencies over 10,000 cps. Asplifier moise

4s introduced by the revcardiag apparatus and should be capable of reduction,



Pig.

10 The Elimination of Noise and Unwanted Signals

Trace 1: Decerebrate cat, adult female. Decerebration under halothane/ether ansesthesia.
A Electramyogrea fram dorsal cricoarytenoid muscle.
B Electramyograa from disphragm.
Trece 2: Decerebrate cat, adult male. Decerebration under halotbane/ether ansesthesia.
A Electromyograa from diaphragm.
B Electramyogras from cricothyroid suscle.
(Spikes retouched)
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if not caomplete elimination, by proper design of equipseat. It is of most
significance in the first stage of a system, as there it is usmlly
several times as large as the intrinsic source noise. Ia order to approach
the theoretical minimm, careful first-stage adjustment is necesaary and
it is unvise to use maximmm gain om a first stage asplifier.

Interference occurs as a result of the apparstus pickiag up unwanted
signals either froa the preparation itself or from the esvirunmant.
Theoretically, this interference should be campletely avoidsble; im
Frastice it may prove ispracticsl to eliminate it completely. The most
comxoa type of imterference is that emmnatimg froa the wiring of the
S50—cycle sains supply. The maims supply to the apparatus itself is usually
adequately ssocothed, but other imstrumeats vorking froa the aainms should
be kept at a distanse or, better still, switched off mhen recording is ia
progress. Other less isportant somrces of interference are electrostatic
interference and broadcast radio imterference.

By working inside a screened cage lined with an earthed wire mesh,
acet interference can be eliminmated, but this method is expemnsive to set
up and presents sose practieal probtlems. Ianterference is reduced bWy the
use of ecrecnsd cable for the power supply, co—axial cesble for inatrument
leads, and a common earth lead im the systea. Enrth loops, caused by the
use of more than one earth lead, may introduce more imterference tham is
present with no earth lead. It is not pamsible to geasralise about the
eliminstica of interference. The optimus aigmal cas caly be obtaimed by
a systes of trial and error ia which the positions of the preparatiom,
leads and components of the apparatus are altered until a satisfactory
signal is obtained. Fig. 10 (facing p.36) shows a record of diaphragmatic
activity aad the activity of the dorsal ericoarytenoid muscle in which
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Resting emg Activity of the Diaphragm and Imtrinsic

Laryngeal kuscles of the Cat
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Becords fram decerebrate cats. Decerebration under halothane or halothane/ether ansesthesia.
At All treces. Time marker 0.2 sec.
B: Truces 1, 2 and 3. Electramyogrea fram cricothyroid muscle.
Trece 4. Electramyograa fram lateral cricoarytenoid suscle.
Trace 5. Electragyograa from dorsal cricoarytenoid muscle.
C: All treces. Electramyogrea fram dia

phragm.
(prka- retouched)
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there is source noise and am unwanted electrocardiogram (ecg) sigmal
(Trace 1) The second trace im this figure shows a record of diarhraga
and cricothyroid suscle in which noise and ecg have been eliminated
(Trace 2).

(e) Section and stimulation of nerves

In some experiments, nerves were cut and their central and peripheral
ends stimulated. The object of cutting and stimulating nerves was to
attempt to define the afferent and efferent pathways concerned in the
production of laryngospasa. Actiocn potentials from the diaphraga and the
intrinsic laryngeal muscles were recorded before and after nerve sectiom,
and during electrical stimulation. Details of the experiments and the

methods used are presented in chapters V and VI of this thesis.

3. Results of Investigations into the Resting Activity of the
Diaphragm and the Intrinsic laryngeal Muscles

Before an attempt was made to recard the activity of the diaphregms

and the intrinsic laryngeal muacles duriang laryngpspasa, the typee of
activity shich occur during quiet respirution bhad to be established. Fig.

11 (faeing p.37) shows records of actioa potentials from the diaphragm,
cricothyroid mmscle, leteral cricoarytensid smscle and dorsal
cricoarytencid smscle during quiet respiration. Hhythmie bursts of action
potentials were recorded from the diaphragm on each imnspiration during
normal quiet respiratiom (All Traces, Fig. 11). Two types of resting
activity of the ericothyraid muscle were commnnly detecteds Ome of these
consisted of intermittent spontangcus activity of relatively few motor
units unrelated to the diaphragmtic rhythm (Trace 1, Fig. 11). The



Pig. 12 A Record of Intrathoracic Pressure Superimposed on the

Diaphragmatic emg Signal

1Sec

Decerebrate cat 1.8 kg. Decerebration under halothane anaesthesia.

A: Time marker 0.2 sec.

B: Electramyogrem from cricothyroid muscle.

C: Electramyogrea from diaphragm with intra-thoracic pressure record superimposed,
(Spikes retouched}
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other was of rhasic activity, again of relatively few motor units; the
rhasic activity was related to the inspiratory activity of the diaphruge
(Trace 2, Fig. 11). A third type of activity of the oricothyroid muscle
was observed ocorsionally. This was also phasic in character, but the
activity was related to the expiratory phase of the respiratory cycle
(Trace 3, Fig. 11).

Barly in the study, records were obtained froa two of the other
intrinsiec laryngeal =uscles, the lsteral cricoarytenoid suscle and the
dorsal cricoarytenoid muscle, The lateral cricoarytenoid suscle is an
adductor of the vocal cords. The recordings froa this suscle showed phasic
activity related to the expiratory phase of the reapiratory cycle (Trace &,
Fig. 11). The dorsal cricoarytenoid suscle shows phasic activity starting
slightly before the start of inspiration and continuing through the
inspiratory phase of the cycle (Trace 5, Fig. 11). In one cat a record
of intrathoracic pressure was obtained, through a transducer, fros a tube
attached to a balloon in the oesophagus. In the same ocat a better
pressure record was obtained by attaching tubing from a needle in the
pleural cavity to & manometer and recording through a transducer. On both
occasions the pressure re¢ord was superimposed on that of the diaphragmatic
emg., It was possible to shew, by this seans, that electrical activity of
the diaphraga extended very slightly imto the expiratory phase in scae
cycles (Fig. 12, faging p.38).

b,  The Activity of the Diaphragm and Some of the Iatrimsic laryngeel
1 Inflation and Deflation of the

A glass cannula wes tied into the trachea at the junotion of the
larynx and the first tracheal piag. This had a piece of rubber tubing

attached to its external end so that the airway could be clamped. Responaes



Pig. 13 The Effects of Lung Inflation on the Activity of the

Diaphragm and Intrinsic laryngeal Muscles of the Cat
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Records from decerebrate cats. Decerebration under hslothane or halothane/ether inaestheeis.
A: Tiee merker 0.2 sec in traces 2, 3end &. (In trace 1 the lungs were inflated
throughout. in traces 2, 3 and L ar-owa indicate the start of inflation).
B: Traces 1 and 2. Electroayogras froa cricothyroid cuacle.
Trace 3. Electromyogrsa froa lateral cricoerytenocid suscle.
Trace 4. Electromyograa fros dorsal cricoarytenoid suscle.
(oH All treces. Electromyogras from diaphragn.
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to iaflation and deflatiom of the lungs have been well documented
(¥iddicombe, 1954d and 1954e¢). The object of these experiments was to
show that cats which had dbesn givea chloralose or decerebrated display

normal respiratory reflexes.

(a) Inflatioa

Inflation of the lungs was achieved by blowiag air into the tube at
the time of a wmoreal imspiratiom. The langs were over-imflated and the
airvay wae thea clamped. After a burst of action poteantials at the time
of inflation, no activity was recorded fros the diaphragm during the 30 sec
for svhich the lungs were held in the inflated position (All Traces, Fig. 13,
facing p.39). The cricothyroid muscle dilphy«i two patterns of activity
on lung infl:tiom. Im the first type (Trace 1, Fig. 13) a contimucus
discharge sas observed during the period of diaphragmatic imactivity. 1Ia
the secomd type, the criccthyroid mmscle activity was depressed or
abolished durimg the period of inflation (Trace 2, Fig. 13)c The lateral
cricoarytencid mmecle shosed a cessation of activity shea the lungs were
inflated (Trace 3, Fig. 13). Later, shen the asirvay clamp vas removed
the muscle returned to its normml resting phesic rhytba at once. This
is not showa in the figure.

The dorsal cricoarytencid mmscle shoved depreasion of activity during
the period of inflatioan (Trece 4, Fig. 13). Phasic activity of the dorsal
cricoarytenoid muscle started agaia when the airvay clasp was removed.

(b) Deflatioma

Deflatioa of the lungs was achieved by sucking air out from the
tracheal cannula at the end of a normel expiratioa and clempiag the rubber
tube. Activity of the diephragm was augmented, as judged by its eag.



Pige 14 The Effects of Lung Deflation on the Activity of the

Diaphragm and Intrinsic Laryngeal Muscles of the Cat

Decerebrate cat 2,25 kg. Decerebration under halothane anassthesia.
A All treces. Time warker 0.2 sec (arrows indicate start of deflation).
B: Trece 1. EKlectramyogrea fram cricothyroid muscle.
frece 2, Klectramyogrea fram laterul cricoarytenoid suscle.
Trece 3. [Electramyogrea fram dorsal cricoarytenoid muscle.
C: All treces. Electrugyogres fram diaphregm.
(Spikes retouched)



Each inspiratory effort was of longer duration tham in normal quiet
respirstion and more motor units were involved (All Treces, Fig. 14, facing
pe20)e The cricothyroid muscle alsc showed an increase in activity oa
deflation which was simultanecus with that of the diaphragm (Trece 1,

Fig. 1k). The latersl cricoarytenocid muscle saintained its phasic
activity, alternating with that of the diaphragm. Activity of this mescle
increased durimg deflation as judged by an increase in the frequency aad

in the oumber of motor units involved (Trace 2, Fig. 1%). The dorsal
cricoarytenoid muscle showed greater coatraction durimg deflation and also

saintained its phasic activity related to inspiration (Trace 3, Fig. 14).

Se A Discussion of the Records Obtained during juiet Respiration
and on Inflatioa and Deflation of the Lungs

(a) Activity during quiet respiratioa

Fink and Kgai (1959) observed that in decersbdrate cats electrical
activity eculd be recorded throgghout the diaphraga during inspiration.
Basmajian (1962¢) stated that mamy of the studies of electrical activity
of the diaphraga have tzocn conducted under highly vmphysiological conditioans.
He quoted as an exmmple an emg study by D1 Bemedetto, Siedens, Cincotti,
Grant and Glass (1959) which was conducted oa hepatectamised dogs whose
abdosens were opea duriamg recording., Bassajian'’s aiss and those of the
preseat author differ im that the normal diaphragmatic record required in
this investigation is that obtained during quiet respiratiom in the
anaesthetized or decerebrate preperation, whereas he wag interested in
muscle activity in the conscious animml. Electroayographis recordiags
from conscious animals were not obtained in the present study.

There is general agreement that actioa potentials may be recorded
fros the diaphrags durimg inspiration. Pauly (1957) preseated the eimple



Pig. 15 Tonic Activity of the Diaphragm during Juiet Respiration

1 Sec

Decerebrute cat 2.5 kg.
A: Time marker 0.2 sec.
B: Electramyogram from cricothyroid muscle.
C: Electromyogras from diaphragm.

(Spixes retouched)

Decerebration under halothane/ether anaesthesia.



Table 1. Activity of the diaphragm and laryngeal suscles
during quiet respiration

lateral Dorsal

Dephrogn Crieothyrold cricoarytenoid ericoarytenoid
Inspiration Active Active Inactive Active
Expiration Inactive * Variable °*° Active Inactive

¢ Tonic activity vas observed im the diaphraga in ome
preparation (Fig. 15, facing p.41) and in the other
muscles on a number of occasions.

** Agtive in some cats, but inactive in others. 4
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view, based on electroayography, that in man the diaphraga is active during
inspiration and inactive during expiration. Murphy, Xoepke, Samith, amd
Dickinson (1959), however, reported that there is a carry-over of
electrical activity of the diaphkraga into expiration in sam evea during
quiet respiration. 7They noted that this did not oeccur during forced
expiration. They postulated that the diaphragmatic coantraction and that

of the intercostal muscles during expiration served as a 'dbraking force"
against the elastic forces of the lung during passive expiration.

In this study diaphragmatic activity has been observed duriag
inspiration, By obtaining a record of intrapleural pressure on the sase
trace as the diephragmatic eag it was possible to show that electrical
activity of the diaphraga extended very slightly into the expiratory phase
in soae oyoles (Fig. 12, facing p.38). There was only one instance of
truly continuous or tonic activity of the diaphrega during quiet
respiration in the one hundred and fifty two cats used in the study
(Fig. 15, facing p.4l). Table 1 (facing p.Yl) summarises the activity
of the diaphragm, the crigcothyroid muscle (adductor), the latersl
oricoarytenoid muscle (adductor), and the dorsal cricoarytenoid =uscle
(abductor) during quiet respirvation.

The coricothyroid muscle has been identified as an adductor of the
vooal cords (Faadorg-Andersen, 1957; Seymour and Heary, 1954), 1In the
present study its activity was found to be representative of that of the
vocal cord adductors during laryngeal spasa. Therefore in most of the
experiments the astivity of the cricothyroid suscle and the diaphrags
was recorded. A number of authors have reported activity of the
cricothyroid muscle during inspiratioa im various species: Arastroag and
Smith (1955) in dogs; Andrew (1955) in rets; and Pamborg-Andersen (1957)



in mam. Armold (1961) reported imactivity of the cricothyroid smscle
during expiratioa im ssn. In contrast, Murtagh and Casmpdell (195k)

in the goat and Techiasany (1944) in the dog had reported electricsl
activity of the muscle duriag expirmtion. There appear to be fes reports
of the asctivity of the cricothyroid mmscle in cats apart froa those of
Seymour and Heary (195%) amd Martagh (1945) that it has a sarked adductor
function. Durimg expiration, in this study, the cricothyroid mmscle
has been observed in some cats to be imactive and im others to be active
(Pig. 11, facing p.37). In same cats, contimmoes tomic activity has
been observed in the mascle (Fig. 11, faecing p.3?). Tonie activity has
also bees reported by Faadorg-Andersen (1957) im man aad by Makasura

ot a1 (1958) in dogs.

The general comsensus of opinion in the literature is that the
lateral cricoarytenoid muscle (ome of the chief adductors of the larymx)
is ipactive during inspiration and active during expiratios im san
(Portmann, 1957), dogs (Rakasmre et al, 1958), and cats (Green and Neil,
1955). Faaborg-Andersea (1957), however, reported imcreassd activity of
this muscle duriag inspiration in comscious maan. In the present study
froa fifteen experiments in which aa electrode was placed im the laterul
cricoarytemnid mmacle in cats, it was found to be inactive duriag
inspiration and ective during expiration (Fig. 11, faecimg p.37).

The dorsal cricoarytencid emscle has bLeea reported as active during
inspirstion in san, cat, dog, and goat reapectively by Portmamn (1957),
Green and Beil (1955), FaXammre ot al (1958), end Murtagh and Campdell
(1954). PFaaborg-Andersea (1957) reported imhibitica of activity of
this emscle Quriag inspiratioa ia sma. Ia the preseat study, im twelve
cats ian which recards were obtainsd fraom the amscle, it shoved activity
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during inspiration and was inactive during expiratiom (Fig. 11, facing p.37).

It has been possible, by recording the action potemtials from the
cricotkyroid suscle of cats anaesthetized with chloralose and decerebrate
cats, to identify three types of activity which occur in cats breathing
quietly. Observations of other workers on the activity of the diaphragm
during quiet respiretion have been confirmed. A small number of records
was obtained fros other intrimsic laryngeal suscles. The divergesat
reports as to the activity of the iatrimsic laryngeal suscles imdicate that
there may be some species differences in their patterns of activity. They
also add weight to Basmajiam's comement (1962d): ‘“we can only hope that
reneved and vigorous emg ressarch will soom elisinate the comtroversy
about this ismportant region".

(b) Activity during maintained inflatiom of the lungs

Widdicoasdbe (1954c) comfirmed the occurremce of the Herimg-Breuer
iahibito-iaspiratory reflex im the cat: during saintainmed inflatioa of the
lungs the diaphragas is relaxed (Fig. 13, facimg p.39). He also identified
another reflex im respomse to large pulmomary inflaticas. This was an
inhibition of respiratory activity of ahart duratioa. liddicomdbe
considered that this was distinct from the Bering-Breuer reflex. These
observations have been cuafirwed during the course of this stady.

In this investigatioa when the lumgs were inflated the cricothyroid
muscle has beea observed to show continuous activity of a higher frequsncy
than that recarded during noreml quiet respiratios. The lateral
ericaarytenocid suscle displayed increased activity iam some cats, but
decreased activity in others (for exasple in the experiment illustrated
in Fig. 13, faciag p.39). The dorsal cricoarytencid showed decreased



Table 2. Activity of the diaphragm and laryngeal muscles
during maintained inflation end maintained deflation

Laterel Dorsal T
Disphrags  Cricothyroid cricoarytemoid  ericoarytenoid

Maintained Inactivity Active Variadble * Decressed
Inflation (Apooea) Continuous, and activity

of higher

frequengy than

norasl.
Maintained Increased Bursts of Activity Activity
Deflation activity activity asintained sajntained

symchronous with with with

inepirstion. increased increased

frequency . frequenocy.

* Activity increased in some cats but decreased inm others.



activity during inflation of the lumgs amd clasping of the tracheal
eznnula. These observations, sumasriszed in Table 2 (facing p.4l), do

not agree c¢ospletely with those of Green and Neil (1955).

(¢) Activity during saintained deflatior of the lungs

Comroe (1965¢) stated that maintained deflation of the lungs incressed
the frequeney and force of respiratory effort, that the vagus nerves
probably form the pathway for the reflex and that differeat receptors are
involved froa those stimulated in the inflation reflex. Lumsden had
reported the exicstence of this reflex in cats im 1923, It was possible
to desonstrate this reflex in preparations ased in this study (Fig. 14,
facing p.40).

During meintained deflaticm, the cricothyroid zmscle showed bursts
of action potentials of a higher frequeacy tham in quiet respirntiom, and
these were synchronous with diaphragmatic activity. The lateral
cricoarytenoid mmscle maintained its phasic activity rel=ted to expiration,
and there was an increase im the frequency of action potentials. The
dorsal ericoarytenoid mmscle also showed ccntinmed phasic activity of
increased frequency. Activity of the diaphrags and laryngeal muscles
during saintained deflation is summarised in Table 2 (facimg p.hl).

(d) Conmcluaiocns drawa from electroayographic records obtaimed
during inflation amd deflation of the lumgs
The records of activity of the diaphrags obtained in experiseants
during this study coafirm previous work by Greea amd Neil (1955), Limsden
(1923) and %iddicosbe (1954¢). The effects of inflatiom and deflation

of the lungs on the activity of the intrinsic laryngeal muscles, however,
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differed in some experiments froa those reported by Green and Neil. This
emphasizes cnce more Basmajian's commzent that more research is needed into
laryn:cal muscle activity (Basmajian, 1962d). Widdicombe used cats
anzesthetised with pentobarbitone sodium or decerebrate cats. Lumsden
used both anasesthetized and decerebrate csts for his experiments. Green
and Neil's cats were ansesthetiszed with a mixture of chloralose (50 ag
per kg) and urethane (250 mg per kg) administered by intraperitoneal
injection.

Because it was possible consistently to repeat observations on
disphragmatic activity which had been recorded by earlier workers in
anaesthetized and deceredbrate cats, it was concluded that the preparations
used in this study were suitable for the investigation of respiratory

reflexes.
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v THE RESPORSES OF THE LARYNGEAL MUSCLES AND DIAPHRAGM TO MECHANICAL
AND CHEMICAL STIMULATION OF THE RESPIRATORY TRACY

The cricothyroid muscle in the cat is the most accessible of the
intrinsic muscles of the larynx and is a representative member of the
group of vocal cord adductor sescles in this species (Murtagh, 19453
Seymour and Heary, 1954). PFor these reasoms, recordings were takea froa
the cricothyroid muscle in the majority of the experiments. Its activity
wvas caspared with that of other intrinsic laryngeal suscles in some
preparatioas.

The types of emg activity which were recaorded froa the diaphraga and
intrinsic larynges]l emscles during quiet reapiretioa have been deacrided
in chapter III of this theais. The next step was to record electromyograms
from the adductor muscles of the larynx when laryngeal spasm was stimulated
sechanicelly or chemically. A dramatic change in the patterm of activity
of the adductor mscles froa that which had been recaorded during quiet
respirationa wes observed. The discharge wzs of a amuch higher frequeacy,
and involved a large nusber of motor umits which had beea imactive previoualy.
This is the type of discharge characteristic of laryngospasm. Whenever
laryngospasa occwrrwd, it sas accaapanisd by a cessatioa of the regular
rhytha of the diaphrugsn.
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1. Experiments to Record the iespomses of the Larymgeal Muscles and
Diaphragm to Mechanical and Chemical Stimulation of the
Respiratory Tract and the Effects of Some Other Drugs oa
These Responses

(a) The effects of sechanical stisulatica of the pharynx,

soft palate, larynx and trachea

In the early experimente om mechanical stimulation, cats anaesthetiszed
with chlora=lose wvere used. The cat's south was held open with a gag and
8 polythene tube was used to provide the stimnlus. Stisulation of the
soft palate resulted in sovesemt of the soft palate in am anterior direction,
breath-holding, and increased activity of the lateral cricoarytenmoid muscle
which was synchronous with the soft palate movemeat. The activity of the
lateral cricoarytenoid mmscle was recorded by means of a needle electrode
inserted from the oral cavity. %hen the vocal cords were stimulated
mechanically a cough was provoked together with a simultaneous incresse in
the activity of the lateral cricoarytencid and cricothyroid =mescles. Ia
one cat, anaesthetized with chloralose, the dorsal cricoarytemoid (abductor)
became m0ore active daring eechanical stimulation of the soft palate. This
was a rather paradoxical observation imdicating that im some instances
stisulation of the laryngeal reflex may result in spass of the abductors
ss well as the adductors - total intrinsic muscle spasa.

Deceredrate cats whose soft palates or vocal cords were stimulated
with a polythene tube also exhibited breath-holding, changes im respiratory
rhytha and increased activity of both cricothyroid and laterel cricosrytenoid
muscles, which were recorded as changes in their electromyograms. Increased
activity of the lateral cricoarytenoid muscle could be demonstrated

throughout the respiretory cycle, im contrast to its rhythmical activity



Pig. 16 The Response of the Diaphragm and the Cricothyroid Muscle

to Mechanical Stimuwlation of the Larynx and Trachea
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Decerebrate cat 3.4 kg. Deceretration under halothane ansesthesia,

A Time marker 0.2 sec (1ntermptions of the time trace and arrows indicate mechanical
stimulation).

B: Electramyogram from cricotnyroic muscle.

C: Electramyograa frox iiapnragm.

Treces 1 and 2: Response to mechanical stimulation of the anterior laryns.

Trece 3: Respanse to endotracheal intubation after analgesic spray of pharynx and larynz.
Trace 4: Responee to puching the endotracheal tube into the distal trachea.

Trace 5: Response to pushing the endotracheal tube, lubricated with analgesic cream, into
the distal trachea.

(Spikvs retouched)
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associated with expirationm recorded duriag quiet respiration. The bLursts
of increased activity of the lateral cricoarytenocid suscle in respoamse to
mechanical stimulation were follosed ismzediitely by a return to the mormal
rhytha of the muscle's activity. The response to mechanical stimulation
was tesmporary closure of the glottis, during which the whole larymx was
observed to mocve cranially.

In a 3.4 kg decerebrate cat (Fig. 16, facing p.48) records were
obtained of the activity of the cricothyroid smscle amnd the diaphregs whem
the tip of an unlubricated 5.0 am endotracheal tube was pushed againat the
anterior larymx. Traces 1 and 2 show bureta of actiom potentials froa the
cricothyroid muscle indicative of laryngmal closure, and a disturbance in
the regular rhytha of the diaphraga, Trace 3 shows a less vigorous
reaction froa the cricothyroid smscle as the non-lubricated endotracheal
tube was inserted into the trachee after spraying the rharymx and larysx
with %0 mg of lignoeaine hydrochloride. This reactiom occurred as the
tube passed down the traches and not dnring its passege through the glottis.
Diaphragmetic rhythn was altered very slightly at the time of intubation
but there was no apaoea. Fhen the endotracheal tudbe was pushed to the
distal trachea a burst of activity froas the cricothyroid muscle lasting
1 sec occurred (Trace 4). This compared with activity of 0.3 sec oa
initial imsertiom of the tube to the trachea as shown in Trace 3. There
wvas an ingreasad frequeancy of action poteatials froa the cricothyroid
mnscle shen the tudbe vas pushed into the distal trachea as campared with
the fregyuency wvhen the tube was first introduced into the trachea. Thise
tends to confirs the climical obeervatiom that the trachea is more
sensitive at its distal ende After lubricatimg the tube with 2 per cent

amethocaine cream the reaction of the cricothyroid muscle, as judged by



Pig. 17 The Response of the Dorsal and Laterel Cricoarytenoid
Muscles when the Pharynx and Anterior larynx are Sprayed

with Ether

I s

1Sec

B0 i |

Decerebrate cat, adult feaale. Decerebration urier halothane/ether anaesthesia.

A: Blectramyogram fram lateral cricoarytenoid muscle.

B: Electramyogras from dorsal cricoarytenol: auscie,

Trace 1: Quiet respiration in resting state.

Trace 2: Effects of spraying -he pnarynx nd larynx with ether (arroe indicates start of
spray ).

\Spikes retodchui,
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its electromyogres (Trace 5), was lessened, but the respiratory rhyths
of the diaphrage was still altered.

In the series of 9 experiments on sechanical stimulation, closure
of the glottis and changes im respiratory rhythm could be provoked
eonsistently by tactile stimulation of the soft palate, pharyax, larynx
and trachea, A sagoth sndotracheal tube of the type used im climical
apaesthesia was as effective as a piece of polythens tudimg in producing
the response.

(b) The effects of spraying the pharymx and anterior larymx
with volatile anaesthetic agents

Volatile anaesthetic agents were sprayed fros a sisple nebuliser
onto the pharymx and anterior larymx. Durimg the procedure, the cats were
positioned in dorsal recumdbency and a gag uwesed to hold their scuths opea.
Needle electrodes were placed im the cricothyroid muscle and the diaphruga
in 15 of the experiaemts, but in 3, electrodes were placed im the darmal
and lateral cricoarytenoid suseles.

Ia the first axperimsats in shich ether was smuyed ocato the pharymx
and laryax, the spray from the nebulizer lasted for 30 seec, but later the
time of exposure to ether was reduced. This was because it was noted
early in the investigation that less reaction was stimulated if the
interval between successive sprays was short, or if the previous exposure
had been of long duratiom. As the buld of the nebulizer was squeezed
and each cloud of ether spray impinged on the pharynx and anterior larynx,
the cat gesped and a burst of action potentials could be recorded from
the lateral cricoarytemcid and cricothyroid muscles. Traces from ome of
the early experiments of this type are reproduced in Fig. 17 (facing p.49).
This was a decerebrate prepration, and the needle electrodes were placed
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in the darsal and lateral crimarytewcid smscles. During quiet respiratioca,
the activity of these muscles alternated, the dormal cricoarytencid beiag
active oa inspiretion and the lateral cericoarytenoid active on expiratioa
(Trace 1). Trece 2 shows that shortly after the start of the ether spray
which lasted 12 sec, there wvas a contizuous discharge froe the laterul
cricoarytencid of high frequeney. This lasted for 14 sec. It contaimed
action potentials froa more motor units than had been active in quiet
respiration. During this period of laryggvepass there was apnoea and
the caly activity from the doreal cricoarytemoid mmscle was 3 bursts of
action potentials each of which lasted 0.5 sec (this compares with 2 sec
duration of activity shen the mmscle was ahowing rhythuic comtrectioa
during quiet respirutiom). The first relatively oareml discharge fros
the dorsal cricaarytencid mmsele after stoppinmg the ether spray was 3 times
the duration of those occurring during quiet respiratioa and exhibited a
greater frequency of action potentials. In the same cat, when halothane
was sprayed on to the pharynax and amterior larymx in a similar mananer,
continuous activity was stimmlated in the lateral cricoarytemoid =muscle,
but no activity wvas rvcarded from the dormal cricoaryteamocid execept for a
0.5 sec burst of activity appruxisntely 2 sec defore the ead of the
halothame spray. The first relatively soreml diacharge from the dorsal
cricuarytesnid after the withdrawal of halothame was 2] times the duratios
observed duriag quiet respiratioan amd of greater fregquency. This
increased agtivity of the doreal cricoarytemoid mmscle (abductor) after
spamn caused by aa ether spray may be interpreted as a compensatory
eschanise mroviding an increesed airway diameter.

The effect of ether and halothane sprauys may be due serely to tactile
stimulation of receptors in the area. Another possidility is that the



Fig.

18

A Comparison of the Effects of Spraying the Pharynx and

Larynx with Saline, Ether, and Halothane

At i oo disga iy

Decerebrate cat 2.7 kg. Deceretration under halothane anaesthesia.
A Time marker 0.2 sec (interruptions of the time truce and arrows indicate the start of
spraying).
B: Blectramyogrea from cricothyroild muscle.
C: Electromyograa from diaphragm. N
Truce 1: Effects of spraying the pharynx ard larynx with saline at 37 C
Trace 2: Effectes of spraying the pharynx and larynx with saline at 26.5 C.
Trece 31 Effects of spraying the pharynx and larynx with ether,
Trece 4: Effects of spraying the pharynx and larynx with halothane.
(Spikes retouched)



spray may stisulete cold-sensitive receptaore. The effects of sprayiag

0.9 per cent saline were therefore cospared with the effects of spraying
ether and holothame. A decerebrate cat weighing 2.7 kg had needle electrodes
placed ia the diaphragm and left cricothyroid muscle. Selinme at 37.0°C
wvas sprayed oa the pharynx and anterior larymx for 2 sec. This resulted
in eome increase in cricothyroid activity and a change ia the respiratory
rhyths over the period shem spraying sas in progress (Fig. 18, Trace 1,
facing p.51). Five minutes later, spraying with ecaline at 26.5°C for the
same time resulted in less alteration im the respiretory rhyths and produced
a saaller imcrease im cricothyroid activity (Trace 2). Five amimutes after
the secand saline spruy, the pharynx and anterior larynx were sprayed for

2 sec with ether. A discharge of much higher frequency, imvolving a
greater nusber of motor units was stimulated in the cricothyroid and there
was more disturdance of the respiratory rhytha than there had beea with
saline (Trace 3). Spraying the area with halothane for 1.8 sec 5 minm
later stimulated a cricothyroid reaction of even greater frequency than

had the ether spray, and the diaphraga went into a state of spasa for 17 sec
(Trace 4)e The conclusion to be druwa from this experiment is that
chemoreceptors are sore isportaat ia this reflex tham receptors semsitive

to tactile or cold stimulatioa.

(c) The effects of the inhalatiom of volatile ansesthetic agents,
administered by aask, into the imtact reepiratory tract
In the next series of experimeats, ether and halothane were administered
as vapours through a canical latex rubber mask (Ball, 1957) to decerebrate
cats or cats anaesthetized with chloralose. Ether was administered from
a standard Boyle ether vaporiser with the lever in the full-on positioa end

the plunger up. The concentratioa of ether wapour obtained fros the
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The Effects of Administering Ether and Halothane by

Mask to the Intact Respiratory Tract

Decersbrute cate. Decerebration under halotbane/ether ansesthesia.
(freces | and 2 are from the same cat).
Az Blectrumyogrua fram cricothyroid muecle.
B: Electramyogrem from diaphrega.
Trece 1: Quiet respiration, breathing axygen through the msaV.
Trece 2: Effects of inhalatian of ether by mask,
Trace 3t Effects of inhalation of halothane by msek.
(Spikes retouched)



vaporiser in these conditions was betveea 10 and 20 per ceat (Macintosb,
Mushin and Epstein, 1963). Im climical practice, concentrations as

high as 20 per cent may be reguired for the imdwction of anaesthesia in
man (Wood-Smith and Stewart, 1962). Helothame was adsinistered fros a
wodified trichlorcethylene vaparisar (Millard, 1957). The concentration,
taken from the celibration curve (British Oxygen Co.), was in the rumge

6 to 8 per ceat. This is withiam the range used by Johnstome (1961)

for his high percentage induction techmique in man,

Fig. 19, Trece 1 (facinmg p.52) shows activity of the cricothyroid
suscle and the diaphrega in a deceresbrate cat durimg quiet respiratiom.
Trace 2 shows coatimeows activity of the cricothyroid of high frequeacy
involving large numbers of motor uaits (laryagaspmem) and apnoea during
the admimistration of 10 to 20 per ceat ether by mmsk. Trace 3, taken
from the record of another deceretrate cat, ahows the activity of the
oricothyroid muscle and the diaphrugm at the end of &3 sec inhalatiom of
6 to 8 per ceat halothane by mask. Dmcreasing activity of the
cricothyraid amscle was occurring at the end of a period of spass, and the
start of action potentials from the diaphrugs can be seen followving apnoea.

It 18 clear that wolatile anaesthetic agents, when administered as
a spray from a nebuliser (as im sectiom (b)) or via a standard anaesthetiec
magk, can provoke larya;nspasa, apnoea, and changes im respiratory
rhytha. These effects may be the result of stimmlatioa of receptors in
the nssorhnrymx and laryax, the trachea, the lumgs or to actioa at other
sites after absorptica of the wvolatile agents to the blood streas. PMurther
experiments were devised ia am attespt to define more exastly the sites
of stimmlatiom.



Fig. 20 The Positions of Tracheal Cannulae in Experimental

Preparations

Cannula

=== Lnpotiyrud Cricothyroid

~—— — Trachea Tracheal Segment
~—
Distal Trachea
a, Diagram to illustrate the site of b. Diagram to 1llustrate the sites of
introduction of a cannula into the introduction of cannulae into the
first tracheal ring to isolate tne first tracheal ring and into the
nasopharynx and larynx. distal trmchea to isolate a segment of

cervical trachea as well as the naso-
pharynr and larynx.
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(d) The effects of the passage of volatile anassthetic
agents into isolated arees of the respiratory tract:
the mascpharynx aad larynx; the traches; the
distal trachea and lungs

At the ead of sectiom (e), it was suggested that there may be a
aumber of sites at whigch volatile anaesthetic ageats act tc stiszulate
laryngospasas. This series of experisents was desigped to deterzins whethsr
stimmlatioa occurs at differeat levels of the respiratory tract itself.
The larynx and nasopharynx were isolated by inserting a camnula into the
anterior end of the trachea. Oxygem and an inhalation agent could then
be passed through the nasopharymx and larymx without entering the truchea
and lungs (Fig. 20m, facimg p.53)c Although the effects of stimmlatioa
of the respiratory trect by ether, halothane and methoxyflurane were
investigated, the main part of the work was concerned with the administration
of ether. In 2 experiments, a segment of trachea, with its nerve and
Blood supply iamtact was isclated by insertiag a secamd eannmula into the
dista)l trechea (Fig. 20b). Im these preparations, the inhalatiom ageat
could be pamsed through the nascopharymx and larynx caly, through the
isclated tracheal segment, or imto the distal trachea and lungs. Records
were obtained from needle electrodes placed in the cricothyroid muscle
and in the diaphruge.

Duriag quiet respiration, rhythmic bursts of actioa potentials were
detected from the diaphregn oa each iaspiration. The sost coemam fora
of record obtained from the meedle electrude im the cricothyroid mmscle
was intermittent spontaneous activity umnrelated to the diaphragmatic
rhythm. Other forms of oricothyroid activity, deearided in chapter 1II,
were recorded in some preparations.



Pig. 21 The Effects of Exposing the Isolated Nasopharynx and

Larynx to Ether, Halothane and Methoxyflurane
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Decerebrate cats 3.0 kg (Truce 1,) 1.6 kg (Traces 2 and 3). Decerebretion under
balothana/ether anaesthesia.
A: fime wmmrker 0.2 sec (interruptions of the time trace and arrves indicate the start of
administretion of inhalation agent),
B: Electramgyogrem fram cricothyroid muscle.
C: Electramyogrem fram diaphregm.
Trece 1: Effects of administretion of ether by maak.
Trece 2: Effects of administretion of halothane by maask.
Trece 3: Effects of administretion of methaxyflurane by mask,
(Spikes retouched)
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(1) Passage of volatile ansesthetic agents through
the nasopharyax and laryax

Ether, halotbane and methoxyflurane were passed through the
isolated nasopharymx and larymx by means of a latex rubber mask (Hall,
1957). The mask was strapred onto the cat's face and lesks were preveanted
by imserting cotton wool paddimg between the mask and the face. During
the expasure of the nasopharymx to the volatile ageat, the cat breathed
oxygen or air through a tracheal camnula. Fhes 10 to 20 per cemt ether or
\ 6 to 8 per cent halothsne were administered in these conditicns, a
prolonged high frequeaey discharge in the cricothyroid suscle was stimmlated.
In some experiseats this respoase occurred within 0.2 sec of the astart
of ether administration (Fig. 21, Trace 1, faciag p.58), and within 0.6 sec
of the start of halothame (Trece 2) or 2.9 per ceant methoxyflurane (Trace 3)
administration. The period between the start of adainistration of the
inhalation ageat and stimulationm of a crieot};tmid suscle discharge varied
froa 0.1 to 2.4 sec for ether (47 experiments), from 0.6 to 4.0 sec for
halothane (15 experiments), and fros 0.6 to 8.0 sec for methaoxyfluranme

(b experisents).

(11) Pessage of volatile anaesthetic sgents through
aB isolated tracheal segment with merve and
blood supply intact
The effects of passing ether vapour thrcugh an isolated segment
of the trachea were demoastrated in comsecutive experisents om 2 decerebrate
cats. In both cats, whem 10 to 20 per cent ether vapour was passed
through the nasopharynx and larynx, apnoea and a continuous high frequency
discharge froa the cricothyroid muscle were recorded. ¥hen ether vapour
of the sams concentration was passed thruugh the isolated tracheal segment,



Pig. 22
A
1 B

The Effects of Passing Ether Vapour Through an Isolated

Tracheal Segment
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Decerebrate cats 2.8 kg (Traces 1 and 2), 3.0 kg (*races 3 and 4). Decerebration under
halothane/ether anarsthesia.
A: Time marker 0.2 sec (interrupnons of the time trace and arrows indicate the start of
ether administration).
B: Electramyograa fram cricothyroid muscle.
C: Electramyograa froa diaphragm.
Trece 1: Quiet respiration with oxygen passing through an isolated trucheal segment.
Trece 2: Effects of adainistration of ether into an isolated tracheal segment.
Trece 3: Juiet reespiration,
Trace 4: Effects of administration of ether into an isolated tracheal segment.
(Spikes retouched)
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a similar result was obtained. Fig. 22, Trace 1 (facing p.55) shows the
record obtained whem oxygen alone was pasged through an isolated tracheal
segment. Interaittent syontaneous activity was present in the
cricothyroid suscle, and the electrocardiogram is visible oam both the
cricothyroid and the disphragnm emg record, the hsart rate being recorded
as 240 per mim at this time. Trace 2 shows the effects of passing 10 to
20 per cent ether vapour through the tracheal segment for 10 sec. Apmoea
and a continuocus high frequency discharge froa the cricothyroid amscle
sere stimmlated. At the same time, the heart rate fell from 240 per min
to 180 per min. Apnoea persisted for 13 sec, but increased cricothyroid
activity was still appareat after 23 sec. In the second cat, iatermitteat
spontaneous activity was alsc present in the cricothyroid suscle (Trace 3).
In this experiment, ether was passed through the isolated tracheal scgment
for 21 sec. laryngospasa was stimulated, but did mot occur until 7.5 sec
after the start of adainistration of ether (Trace 4). Spaaa of the
cricothyroid suscle omly lasted 2 sec in this cat, but, after a brief
atismulation of inspiration, apacea lasted for 10 seec. A further period
of continuous increased cricothyroid activity occurred following the

cessation of ether administratiom (mot shown in Fig. 22).

(141) Passage of volatile anaesthetic ageats into
the distal trachea and lungs
It had besn noted durimg pilot experiments, that the imhalatioa
of low concentrations of ethyl chloride, ether, and halothane through a
tracheal camnula resulted in an iacrease im the frequamcy of actioa
potentials from the cricothyroid muscle, and changes in the respiratory
rate. Fhen ethyl chloride was inhaled, the respiratory rate decreased in

some cats and increased in others. Administration of halothame resulted



Pig. 23 The Effects of Administering Ether Vapour to the Distal

Trachea and lungs
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Two decerebrate cate 1.5 kg {“"rece 1) and 3.0 kg (Trace 2). Deceredbrstion under
balothane anaesthenia.
A Time warter 0.2 sec (interruptions of the time trace and arrows indicate the etart of
ether administretion).
B Electromyogrea from cricothyroii muscle.
Ci Electromyogran from diaphregm.
Trece 1: Effects of adainistration of ether into the distal trachea and lunge.
Trace 21  Effects of administration of ether into the distal trachea and lunge (abowing
biphasic respanee ).
(Spikes retoucr.ed,



Pig. 24 A comparison of the Effects of Halothane and Methoxyflurane,

Administered to the Trachea and lungs
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Decersbrate cat 1.6 kg. Decerebration under halothane/ether anaesthesis.

At Time marker 0.2 sec (interruptions of the time truce and arrues indicate the etart of
eadministretion of inhalation egent).

B Ksctragyograa fram cricotiyroid muscle.

Cs Electraayogres fram diaphregm.
Effects of administration of halothane into the distal treches and lungs.

Trece 1:
Trece 2: Effects of administration of methoxyflurune into the distal truchea and luags.
Trace 3: Effects of administration of methoxyflurane by mask to the nasopharynx end larymx.

(Spikes retouched)



in earked sloving of the respiratory rate. #hen, however, ether and
halothane were adainistered at higher conceantretions, larymngpspass,
accampanied by apnoea or a cessation of the regular respiratory rhyths,
was recarded. In this series, tharefore, ether was administered at a
concentration of 10 to 20 per ceat and halothane at 6 to 8 per cent.
When ether vapour was administered imto the distal trachea and lungs (Fig.
23, Trace 1, facing p.56), a short burst of cricothyroid activity lasting
2 secC was stimulated. An interruptioa of the rhyths of the disphrags
for 7 sec occurred sisultanscusly. Trauce 2 chows a different pattera of
response vhen ether was adainistered in the sase way. In this cat, the
cricothyroid activity which was stismlated, occurred as a biphesic reeponse.
¥ithin 1 sec of starting the adainistratiom of ether there was an increase
in frequency of action potentials and imspirstiom was inhibited. Greater
cricothyroid activity, similar to that provoked when ether was administered
by mask, accurred after 6 sec, at the same time as inspiratory efforts by
the diaphragm started.

Both halothasne and methoxyflurame when adminiatered by mask, had
been shown to stisulate laryngospasm and apnoea im decerebrate catse
(see p.54). It was therefore of interest to compare the effects _of these
2 volatile ageants when they were administered directly into the distal
trachea and lungs. The experimwnt was carried cut om 3 cats. Ia each
cat, 6 to 8 per ceat halothame, administered through a trucheal canmnuls,
stisulated laryagnspaen and an interruptioa in the regular diaphragmatic
rhytha (Fig. 24, Trace 1, facing p.56). 2.9 per ceat methoxyflurane,
however, stimmlated neither laryngospaas nor did it cause any change in
the rhyths of the diaphrags vhen adaimistered to the trachea and lungs

(Trace 2), although when administered by mask it did stimunlate both
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laryngospasa and apnoea (Trace 3). The difference in response to
these 2 agents is considered further in the diascussion of this chapter
(see p.73).

In the work reported up to this point, it has been shown that volatile
anaesthetic agents, vhether adminiastered as a spray or in vapour fors,
are capable of stimsulating laryngospasm and changes im respiratory rhytha.
These reactions may be stimulated by exposure of the intact respiratory
tract, or of isolated parts of the tract. The nature and time sequence
of these changes differs according to the method and site of administration
of the agents. Very early in the series of experiments, it was noted
that low concentrations of ancesthetic agents caused increased activity of
the cricothyroid muscle and changes in respiratory rate, but did not
stimulate laryngospasa or apnoesa. These findings suggested that there
@ay be a threshold concentration for stisulstion of laryngospasa and apnoea.
The experiments deacribed in the next section were carried out to try and

deteraine whether such a threshold exists.

(e) Tureshold of stimulation of laryngospasa

S8ix experisents were carried out in amn attempt to determine the lowest
concentrations of ether and halothane at which laryngospasm and apnoea were
stimulated. The thresholds for stimulation of laryngospasa and apnoea
were determined by adsinistering gradually increasing concentrations of
halothane and ether. In the first experiment in this group, 2 per cent
halothane administered by mask from a "Halox" (British Oxygen Co.) vaporiser
stimulated laryngospasa and apnoea in a decerebrate cat. Kther, administered
froa a standard Boyle ether vaporiser with the lever in the full-on
position and the plunger up (10 to 20 per cent), stimulated laryngospasa

and apnoea each time it was given by ®ask. Although, in the same cat,
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Decersbrute cat 2.0 kg, Decerebration under halothane anaesthesia.

At Time marksr 0.2 sec (interruptions of the time truce and arrows indicate the start of
ether administrution in Truces 2, 3 and 5 and the end in Trece 4 ),

B: Electrumyogrem fram cricothyToid muscle,

C: Klectramyogrea fras diaphrega.

Trece 1: Quiet respiretion, axygen administered through the sask,

Trece 21 Effecte Of etbher sdministered through thc mask; vaporizer lever at positiom 1.

Trece 3: Effects of ether administered through the mask; vaporizer lever at position 2.

Trece 4: Effects of ether administered through the smsk; vaporiser lever at positiom 3,

Trace 51 Effecte of ether administerea through the mask; vaporiser lever at full om,

(Spikes rvtoucked)
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apnoea wes produced when 2 per cemt halothane was inhaled, the concentration
had to be raised after the first exposure to induce a cricothyroid

discharge characteristic of laryngospasa. In the majority of experiments,
halothane was administered from a modified trichlorocethylene vaporiser
(Hfllerd, 1957), at a concentration of 6 to 8 per cent, which is
considerably higher than the threshold level.

Ia another experimeat ether was administered by mask to the isolated
nasopharynx and larynx of a decerebrate cat froam a Boyle ether vaporizer
with the plumger up. The oxygen flow rate was 4.5 litres per min and
ether vapour was passed through the mask for 30 sec at intervals of
approximately 30 min. Fig. 25, Trace 1 (facing p.53) shows the activity
recorded froam the cricothyroid mascle and diaphragm during quiet respiratiom
with oxygen flowing through the aask. There is sose cricothyroid activity
associated with imspiration. Trace 2 shows the effect of the administration
of ether with the vaporizer lever at the first position. There is a very
slight decrease in the duration of activity of the diaphraga as coampared
with the duration during quiet respiration. Three action potential
spikes fros a motor unit in the cricothyroid previously inactive were
recorded during administration of the ether (not shown in this sectiom of
the trace). Trace 3 shows the effect of administratioa of ether with
the lever at position 2. There was no change in the records froa the
cricothyroid or the diaphraga. YS%hen ether was adainistered with the
lever at positioa 3 for 30 sec, a continuwous low frequency discharge froe
the cricothyroid started 1.8 sec after ether adainistration stopped
(Trace 4). This low frequency discharge continued for 18 sec, but there
was 0o change in the respiratory rhytha. With the lever oan the vaporiser

at the full-om position aand the plumger up, administratiomz of ether
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Decerebrate cat 1.8 kg. Decerebretion under haslothsne ansesthesia.

LN Tise marker 0.2 oec (interruptions of the time trace and arroea
the coacentration of ether imhaled).

B: Electromyogrea froa cricothyroid suscle.

C: Lectramyogras froa diaphregas.

Trace 1: Effecta of ether sdainistered with the vaporizer lever at

Trace 2: Effecte of ether administered eith the vaporiser lever at

Trece 3: Effecta of ether edminietered eith the vsporizer lever at

Trace &: Zffecta of ether adainistered ®ith the vaporiger lever at

Trace 5: Effecta of ether administered eith the vaporiser lever at

bresthing oxygen by mmsk for 30 ain.

indicate a change ia
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positiosm 2.
position 3.
full-ce.
full-ca. after



stimulated a high frequency discharge fros the cricothyroid mmscle within
0.1 sec and apnoea which lasted for 15 sec (Trace 5). The cricothyroid
activity wvas dimfuishing at the tise respirationa started again, but
persisted as a continuous discharge until after ether administration

had stopped.

Since in some experiments it had not been poasible to stisulate
laryngospasa and apnoea when the interval between exposures to a volatile
anaesthetic agent had beea short, an experimeat was plamned im which the
concentration of ether vapour inhaled by a decerebrate cat was increased
at 15 min intervals. Between recordings, the cat continued to imhale
ether vapour at the concentration for which a record had just been obtained.
It was thought that in this way the threshold for stimulatioa of
laryngnspnss would be raised or the reflex evem abolished decause the
receptors were sxposed to ether for a lomg period, and a deeper plane of
anaesthesia was achieved. The comcentration was them raised, a further
record obtained, and the cat allowed to imhale the new concentration for
a further 15 min. The cat breathed oxygen at a flow rate of 4.5 litres
per min through a lstex rubber mask. No tracheal cannula was imserted.
Aa absorber contaiming 3 os of sods-lime was placed betweea the mask and
the rebreathing bag. The expiratory valve im the systes allowed
excess gas to pass out (Pig. 26, facing p.59). At the start of the
experiment the cat's pinna and palpebreal reflexes were brisk. The lever
on the Boyle ether vaporiser was moved to the first positioa, with the
plunger wp (Fig. 27, Trace 1, facing p.59). There was mo change in the
respiratory rhythm. Four sec after administration of ether had started
2 spikes were recorded on the electramyogram frua the cricothyroid. These

were mot typical of those recorded durimg laryngnspasm and may have been



movement artifacts associated with movement of the larynx during
swallowing. The cat continued breathing oxygea and ether through the
mask, with the vaporiser lever remmining at the first position. After
15 min the lever was moved to the second positiom (Trace 2). At this
stage the pinna reflex was still brisk, but the palpebral reflex was
slightly more sluggish than at the start of the experimest. then the
lever was moved to the second position, there was an immediate cessation
of regular respiratory rhythm which lasted for 12 sec. Durimg this time
a contimnous series of action potentials at imtervals of 0.25 to 0.5 sec
was recorded froa the diaphraga. There was a gradual increase in
activity of the cricothyroid suscle, starting approximately 3.5 sec after
the position of the lever sas changed. The cricothyroid activity
reached a maximum in frequency and numbers of motor units imvolved 10.5
sec after alteratioa of the lever's position, and decressed gradually as
noras] respiratory rhytha was resumed. The lever resained at positionm 2
and the cat continued to breathe ether and oxygen through the mask,.
Fifteen minutes later, the lever was moved to position 3 (Trace 3). At
this stage the pinna reflex resained brisk, but the palpebral reflex

was sluggish. The duratioa of diaphragmatic activity imcreased froa

1l to 2 sec, the frequency of the diaphrugmatic discharge was decreased
and fewer motor units were involved. There was a gradual increase in
activity of the cricothyroid smscle, reachiag a maxises 10.5 sec after
alteratiom of the lever's positioa. Imcreaswd cricothyroid activity
contimued for the duration of the record (14h sec). The lever remissd
at position 3 for 15 min, whenm it was woved to the full-on poesitica
(Trace 4). The pimna reflex sas still btrisk, but the palpebral reflex
vas very sluggish. Ko apnoea was stiselated, but the duratiom of




Pig. 28 The Effects of Inhalation of Increasing Concentrations of
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Decerebrute cat 2.0 kg. Decerebration under nalothane anaesthesia.

A: Time marker 0.2 sec (interruptions of tre time trace and arrows indicate a change in
the concentration of ether inhaled).

B: Electramyogram from cricothyroid muscle.

C5! Electramyogram froa diaphragm.

Truce 1: Effects of ether administere: with the vaporizer lever at position 1,

Trece 2: Effects of ether administered w.th the vaporizer lever at position 2.

Trace 3: Effects of ether administered with the vaporizer lever at position 3.

Trace 4: Bffects of ether administered with the vapori:er lever at full-on.

Trace 5: After adm nistration of ether for 5 min with the lever at full-on.

(Spikes retouchea)



activity of the diaphruge was incressed from Jjust over 1 sec to 2 sec

as the lever vas moved to the full-oa poaitiom and to 6.5 sec after a
pause of 1 sec. Increasing cricothyroid activity was observed 7 sec
after increasing the ether concentration and this reached its emxiamms
with a buret of activity after 14 sec. Cricothyroid activity gradually
subsided and the duretion of the diaphragm'’s activity returnsed to just
over 1 sec during the 98 sec for shich recording was contimued. After
15 min breathing oxygen and ether with the vaporizer plunger up and the
lever ia the full-om positiom, the plunger was pushed down sc that oxygen
bubbled through the ether. More cricothyroid activity occurred than ia
Trace 4, but no apnoea was stimulated (not shoem in Fig. 27). Palpebral
and piana reflexes could not be elicited at this stage. The cat was
then allowed to breathe oxygea through the ssak for 30 min. By this
time a briek pinma reflex amd elnggish palpebral reflex could be elicited.
Administration of ether from the Boyle waporiser with the plunger up and
the lever at the full-om positiom now stimulated apnoea and laryngospasm
(Trace S).

As ether is wvaporised its temperature drops. Two experiments were
therefore carried out ia which & water bath at a temperature of 28.5°C
was placed around the Boyle ether vaporiszer. Oxygzen was passed Qhrough
the vaporizer at a flow rate of 8 litres per min. The vapariser plunger
was up and the lever was moved to positiom 1 at 30 sec (Fig. 28, Trace 1,
facing p.6l). There vas a alight imcremse ia frequency of cricothyroid
muscle discharge. After 1 min at positioa 1, the lever was smoved to
position 2 (Trace 2). The lever sas soved to poaitica 3 zfter a further
ainute (Trace 3) and to positioa & (full-om) after another minute (Trace &).

¥hen the wvaporiszer lever sas moved to positioa 3, the effect of the



increased ether concentratioa on the diaphragm was to stimmlate prolonged
inspiratory activity, whereas when the lever was at positions 2 end b,
apnoea occurred and a coatimious high frequeacy discharge was stimulated
froa the cricothyroid suscle. The lever was them left at position A.

Trace 5 was obtained 5 min after the lever was moved to positioa &. There
was normal diaphragmatic rhyths at this stage and the spontamecue

activity of the cricothyroid was less thaan et the start of the experiment.
Respirctiona had started agaia 12.5 sec after moving the lever to position b4,
and the high frequescy cricothyroid discharge characteristic of laryngospasa
had gradually subaided.

An hour later an experiment was carried out oa the same cat imn which
the lever was placed at position 4 first and them moved down through
positions 3, 2 and 1 at 1 =mia intervals. On this occasion, apmoea and a
high frequemcy cricothyroid discharge sere oaly stimulated with the lever
at position b, apnoea lasted 13.5 sec and cricothyroid activity decreased
throughout the experiment. In each of these experimeamts, the water-bath
temperature resained at 28.5°C. Two idemtical experiments were carried
out with the 3 oz taters' soda-lise csaister removed froa the system. The
results were the same as those recorded with a soda-lise absorber
incorporated in the circuit.

Vhether or not these experimsnts provide evidemce for the exiatence
of a fixed threshold concentration for the stismlatioas of apnoea and

laryngaspass will be considered im the discussioa.

(f) The effects of atropime on the resctioa to stimulatioca
of the reapiratory tract

The effects of atropine, administered intravenously, on the stisulstion

of laryngospasm by ether were recorded im 2 decerebrate cats. In the



Pig. 29 The Effects of Atropine on the Stimulation of laryngospasm

by Ether Vapour

Decersbrute cat 3.0 kg. Decervbrution under halothane ansesthesia.

A Time marker 0.2 sec (1nterruptions of the time trece and arrows indicate the etart of
ether administretion).

B: Blectrumyogrea fraa cricothyroid suscle.

C: Blectrusyogrea fram diaphrega.

Trace :
frace 2:
Trace 31
Trage 4:
Trace 5:

Rffects of ether sdministered by mask. .

Effects of ether adaminietered by tracheal cannula.

Quiet respiretion after adainistretion of atropine.

Effects of ether adminietered by mask, 10 min after stropine.
Effecte of ether administered by mask, 40 min after atropine.
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first preparation, a dose rate of O.l mg per kg wvas given. Atropine
at this dose rate, vhich is cammonly used im clinicel pre-anaesthetic
medication, had no effect oa the stisulatioa of apnoea and laryngospasas
when ether was passed through the isoclated nasophnryax and larynx.

In the second cat a dose of atropime over 30 times that used in
olinical ansesthetic practice was administered. PFig. 29, Trace 1
(facing p.63) shoss apnoea and orieothyroid spass stimulated by expoeure
to ether by mask before the adsinistration of atropine to this second cat.
Trece 2 shows the effect when ether is adainistered through an Ayre's
T-piece to the trechea and lungs of the same cat. laryngospasa is
stimulated, accompanied by apnoea which follows an initial inspiratory
burst. The effect of the administration of 3.3 ag per kg atropime
sulphate im 20 ml of 0.9 per ceat saline through a cannula in the fesmoral
vein was to stimulate apnoea for 19 sec, after whieh the respiratory
rate decreased from 22 per min to 18 per min. Ton winutes later the
respiratory rate had decreased to 16 per min. The duratioa of inspiretory
activity of the diaphrags increased from 1.5 sec before atropime to 2.5
sec after atropine (Trace 3). Traces 4 and 5 show the effects of the
adsinistration of ether by mask and cannula respeotively 10 min and
40 min after the atropine had bdeen given. By sask, ether stimulated
laryngoepasa and an interruption of the regulsr rhytham of the diaphraga.
Ether inhaled into the trachea and lungs stimulated laryngrepssa and
apnoea., Atropine sppesred to have no direot effect on the stimmlation

of laryngospesa under these oonditioms.



(g) The effects of local anmalgesic spraying of the pharymx

and anteriar larynx om the stimmlatioa of larynguepasa
by volatile amaesthetic agents

It was demonstrated in section (a) of this chapter that a lignocaine
spray applied to the pharyax and larynx and the lubricatioa of aa
endotracheal tube with saethocaine creaam abolish or reduce the resction
to mechanical stimulatiom of the larynx and trachea. In this sectionm,
the effects of analgesic sprays sere investigated in relation to the
inhalation of volatile anaesthetics. In a cat anmesthetiszed with chloraloee,
whose respiratory trect was kept intact, sprayimg with ether stimulated
larynzospasa and apao@. After spraying the pharymx and larymx with 2 per
ceat ligmocaine, no apnoem was stimmlated by ether but there were two
bursts of action potentianls froa the cricothyroid amscle 10.5 sec and 14.5
sec after the ether spray. The effects of the lignocaine spray were atill
found to persist 95 mim later. It was siailarly demonstrated im deceredrate
cate that laryngospasa and apnocea stimulated by the inhmlation of ether
and halothame could be reduced by spraying the pharymx and anterior laryax
with a 2 per cent solution of ligmocaine. Resction to the stimulus was
not entirely abolished, however, and the fact that in aany cases tbhere was
still both an imcrease im activity of the cricothyroid suscle amd scae
change in the respiratory rhytha suggeeted that the stimumlatioa of
receptors lower down the respiratary traet should be comaidered.

Cats with a tracheal canpuls imserted at the laryngo-tracheal jumctioa
still showed some increase in activity of the cricothyroid and changes in
the respiratory rhythm when exposed to ether either by mask or by cannula.
The time betweea the start of administratiom of ether and the caset of

increased cricothyroid activity ranged between 0.1 and 2.4 sec by mask and



Pig. 30 The Effects of Spraying the Pharynx and Anterior larynx with

Local Analgesic in a Cat with a Tracheal Cannula
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Decersbrute oat 1,5 kg Decerebration under halothanc/ether ansesthesia.
A Time martsr 0.2 sec (interruptions of the time trece and arrows indicate the etart of
ether administration).

B: Blectramyogrea fram cricothyroid muscle.

C: Blectramyogrea fram diaphrega.

fruce 1: [Rffecte of ether administered by mmsk.

Trace 2: Rffecte of ether adminietered by tracheal cannula,

Trace 3: [Effects of ether administered by trucheal cannula after analgesic epray of

pharynx end larynx.
Truce 4: LEffecte of ether administered by mmgk after analgesic spray of pharynx and laryux,.
(Spikes retouched)



Pig. 31 The Effects of Spraying the Pharynx and Anterior larynx with

Local Analgesic in a Cat whose Respiratory Tract is Intact

Decerebrute cat 3.4 kg, Deceredration under halothans ansesthesis.
A:  Time -rTr 0.2 sec (interruptions of the time trace and arraws indicate the start of

B: Blectrusyogrem fram cricothyraid muscle.

C: BRlectrayogrea from diaphrega.

Trece 11 Effects of eprwyigg the pharynx and larynx with ether. o

Trece 21 Bffects of syraying the pharynz and larynx with mmline at 37 C.

Trece 3: Effects of spreying the pharyux apd larymx with ether after emalgeaic oprwy.
(Spikes retoucbed)
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between O.4 and 7.5 sec by cannula. This is illustrated in traces

from a decerebrate cat (Fig. 30, facing p.65). Trace 1 shows the

effects of ether adainistered by mask. There was a high frequency diascharge
of a large numsber of motor units from the cricothyroid, and the diaphragms
showed apnoea followed by apneusis. Ether administered into the traches
and lungs stisulated a short period of laryngospasa (2 sec) and an increase
in the interval between diaphragm activity from 2 to 6.5 sec (Trace 2).

The pharynx and anterior larynx were then sprayed with 2 per ceat lignocaine,
Trace 3 shows the effects of adminiatration of ether to the trachea and
lungs after spraying with the local analgesic solution. The record is
almost identical in duration of cricothyroid sctivity and change in
reaspiratory rhytha to that in Trace 2. Administration of ether by mesk
(Trace 4), however, now produced only a small increase in cricothyroid
activity of short duration. There was no initial stisulatiom of the
diaphragm, but there was a period of apnoea follosed by apneusis.

In another decerebrate cat, with no tracheal cannula inserted, the
techaique of spraying local anal:esic solution currently used for
intubation of cats in clinical anaesthesia was investigated. In this cat
ether spray stisulated laryngospasz and apnoea (Fig. 31, Trace 1, facing
p.65) end an 0.9 per cent wara saline spray also stimulated lsryngospasa
of brief duration and a very ainor interruption in the regular respiratory
rhythm (Trace 2). After spraying the pharynx and laryax with a 10 per
cent lignocaime sclution froa an aerosol pack, an ether spray stiamulated
a very slight increase in cricothyroid activity after 4.5 sec. The
interval between periods of activity of the diaphrags was increased
fros 1.5 to 3,75 sec for one respiratory cycle and then returned to normsl

(Trsce 3)¢ In the ssme cat reaction to mechanical stimulation and



Pig. 32 Comparison of a lNovement Artifact during Artificial Respiration

with the emg from the Diaphragm in Spontaneous Respiration
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Deceredbrate cat 2.5 kg. Decerebrution under halothane/ether anaesthesia.
A: Time marker 0.2 sec.
B: Electrumyogrem from cricothyroid suscle.
C: Rlectramyogras fram diaphrega.
Trece 1: Our ing artificial respiration. Movement artifacts an diaphragm trace.
Truce 2: Spontaneous respiretion,
(Spikes retouched)



Pig. 33 The Effect of Suxamethonium on the Stimalation of laryngospasm, 1.
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Deceredrute cat 2.7 kg. Decerebration under balothane snacsthesia,

As Time marker 0.2 sec Sintempuon- of the time trece and arrowe indicate the start of
ether administration/.

B: BRlectragyogrem from cricotiyroid muscle.

Cs Electramyogres from diaphregm,

Trace 1:  Quiet respirstion.

Trace 21 Rffects of ether adminietered by amsk,

frese 3: The returmn of diaparagm sctivity.

Trece 4: Rffects of ether administered by trecheal camula,



intubation was greatly diminished, as has been deacribed in section (a)

of this chapter.

(h) The effect of suxamethonium on the stimulatioa of
laryngospaaa and on the activity of the cricothyroid
muscle and diaphraga

As the cricothyroid suscle and diaphragm are striated muscle structures
it was considered of interest to record the e¢ffect of suxamethonium (a
depolarizing muscle relaxant) om their activity. Suxamethoniua (1 ag per
kg) was given intravenously to a decerebrate cat which had exhibited
laryngospasa when exposed to ether by mask or by tracheal camnula. Apnoea
occurred 8 sec after the injection and 0.5 sec later there was a samall
increase in cricothyroid activity which lasted 3 sec. The cat's lungs
were ventilated rhythmically with oxygen by opening and closing the end
of the T-plece. ixposure to ether by mask did not stimulate any activity
in the cricothyroid muscle, nor was any spontaneous activity recorded.
After 25 ain, spontaneous respiration atarted again and exposure to ether
by mask now stismlated zactivity of increased frequency. ‘hen the cat's
lungs were being ventilated by intermittent positive pressure, there wmas a
slight rhythmical fluctuation in the baseline of the diaphrags trace due
to movesent of the diaphragmatic needle electrode (Fig. 32, Trace 1,
facing p.66). This record was of quite a differeant nature from that of
the diaphrsgmatic action potentials duriag spontaneous respiration (Trece 2).
Fig. 33 (facing p.66) showa traces obtained fros sz decerebrate cat with
cannulae in the trachea and the femoral vein. The cricothyroid muscle
was displaying continuous activity during quiet respiration im this cat
(Trace 1). ‘Vhen ether was administered by mask for 10 sec, apnoea and

laryngospasa were stisulated withim 0.2 sec (Trace 2). Spasm of the



Pig. 34 The Effect of Suxamethonium on the Stimulation of laryngospasm, 2.

Decerebrute cat 2.7 kg (The same preparwtion as in Pig. 33).
A: Time marker 0.2 sec (interruptions of the time trace and arrows indicate the etart of
ether adminietraution in Trecee 3, 4 and 5, ani euxamethoniuam injection in Trece 2).
B: Blectramyogrea from cricothyroid suecle,
Cs EBlectramyogrea from diaphraga,
Trege 1:  Quiet respiration.
Trece 2: Adainistration of 3.0 ag suzamethoniua intravenously.
Trece ): Effects of ether adminjistered by maek.
Trece 4: Bffecte of ether adainistered by trucheal cannula.
Treoe 5t Effects of ether administered by mask 15 ain after suxamethoruum.
(Spikes retouched)



Pig. 35 The Effect of Thiopentone on the Stimulation of laryngospasa
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Decerebrate cat 2,5 kg. Decerebration under halothane/ether anaesthesia.

A: Time marker 0.2 sec (interruptions of the time trace and arrows indicate the start of
ether admintetration).

B:  Electrumyogrea froe cricothyroid suscle.

C: Electramyograa froe iiaphraga.

Trece 1: Effects of ether administered by maak.

Trace 2: Bffects of ether administered by mask after intraveaous injection of thiopeatone,
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cricothyroid muscle contimmed for 36 sec after the start of regular
inspiratory activity of the diaphraga (Trace 3). When ether was adsinistered
for 10 sec iato the tracheal cannula a much smaller increase im activity
was stimulated at the szme time as interruption of the regular rhytha of
the diaphragms (Trace 4#). In the same cat, Fig. 34, Trace 1 (facimg p.67)
shows activity of the cricothyroid muscle and the diaphragas 20 min after
adainistration of ether by tracheal camnula. Trace 2 shows the effect
of the admimistration of 3 ag suxamethonius iatravenously. Increased
activity of both the cricothyroid and diaphragm was stisulated 6.5 sec
after the depolariszing relaxant was given. Activity in the cricothyroid
muscle stopped 18 sec after the injection of suxamethonium, whereas the
diaphraga resained in a state of apneuais for 30 sec followed by 30 sec

of reduced activity, before action potentials froa it stopped. The lungs
were then ventilated rhythmically by the technique described above.

During the period of perslysis of the cricothyroid muscle and the diaphrags,
lar mgospass could not be stimulated by the administration of ether by
mask or tracheal cannula (Traces 3 and A). Trace 3 shows that the
diaphrega was still exhibitimg some rhythaic activity shen ether sas
administered by sask. Fifteen aimutes after the suxazmethonium had been
given, spontanecus respiration started again, and laryagospasa could be
stimulated by the sdministration of ether (Trace 5).

(1) The effect of thiopeatome on the stimulatiom of the
respiratory tract by volatile ansesthetic ageats
Dundee (1965) stated that there is an apparent iancrease im the
sensitivity of the laryageal reflexes under light thiopentome marcoeis,
with an increased incidence of laryngospasm over that observed shen

inhalatioa techniques are used. Fig. 35, Trace 1 (facing p.67) shows the



records obtained from the cricothyroid muscle and diaphrags durimg
adaninistration of ether znd oxyger by mmsk. Laryngospass and apnoek were
stisulated. Restimg activity was considerable in the cricothyroid aamd
diaphrags in this cat. After 5 mg thiopentone sodium, given intravenously
(one tenth the clinical induction dose for a cat of this weight) the
respiratory rate slowed froam 30 per mim to 18 per aim and the frequeacy

of the reating dischsrge froa the cricothyroid ®uscle was lower tham it

had been before. “dminiatration of ether by mask (Trace 2) still caused
larymgospasa and apnoe2, but less motor units mere involved in the

cricothyroid discharge tham had been before thiopentone.

2. Discussion of the Experimental Results Reported im Chapter IV

(a) Mechanical stimmlation

In experiments described in this thesis, the cat's mouth was held
open by a gag while mechanical stisulation of the different areas was
carried out. This is one technijue adopted for endotracheal iatubation
in clinical anaesthesia. Another method is to hold the mouth open either
with a gag, or by the fingers and the blade of a larymgoscope. Contraction
of the dorsal cricoarytenoid muscle (abductor) simultanecualy with the
adductor group had been observed by Murtagh and Campdell (1954). Semon
(1890b) reported that when the adductor and abductor muscles of the larynx
were stisulated equally stromgly, the overall effeet was adduction. Many
afferent stimuli causing epasa of the adductor susele group may cause spasa
of the abductor muscles at the same time. ihen spasm of all the intrinsic
nuscles of the laryax occure sisultaneously, the eand result appears to be
laryngeal closure. Reflex protection of the airway takes precedence

over rhythmical suscle activity cbserved durimg quiet respiratioa.
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There are many references to mechanical stimulation of the
respiratory tract and its associatioa with laryngospasa and other
protective reflexes in both man and animals (for example: Bucher, 1958;
Cole, 1939; Doty and Bosma, 1956; Jackson, 1522; Larsell and Burget,
192k; Murtagh and Campbell, 1954; Ogura and lam, 1953; Ranson, 1921;
and Teitelbaum et al (1936).

In the work reported here, the effects of mechanical stimulation of
the pharynx and anterior larynx were essentially the same in decerebrate
cats and in cats anaesthetized with chloralose. These were glottal
closure, interruptions in respiratory rhythm, and coughing. Movement of
the whole laryax cranially occurred during glottal closure. This poses
the question as to whether the records obtained were movement artifacts
rather tham action potentials from the intrinsic laryngeal muscles.
Hilojevic and Bast (1964), working on the stimulation of 1l ryngeal muscle
sotor areas in the dog's cerebral cortex, pointed out that gross aovement
of the larynx and eontraction of meck muscles provoked mechanical artifacts
which could be confused with actiom potentials. Records obtained in the
present study are similar to those described by Milojevic and Hast (1S64)
as electromyograss, and quite umlike their exsamples of movesent artifacts.

Hovement of the whole larymx crsnially when laryngospass was
stimulated mechanically suggests that the reflex may have some similarity
to swallowing. Doty and Bosma (1956), investigating the swallowing reflex,
shoved that im dogs, cats and wonkeys, anaesthetized with urethame or
ether, a short period of increased activity in the cricothyroid muscle
followed a period of inhibition. Swallowing was elicited by tactile
stimulation of the pharynx. More recently Storey (1968a) carried out a

functional analysis of semsory units inmervating the epiglottis and larynx



of cats. HRis gurpose was to find the laryamgeal receptors excited by
adequate stimuli for the swallowing and coughing reflexes (both
protective reflexes of the airway), and to defime the characteristics of
their disecharges. Soae preparations were "electrolytically decerebrated"
after induction of anaesthesie with thiscylal sodiuam; others were
anaesthetized with chloralose or peatobarbitone socdium. He applied a
wide range of mechaniecal, chemical, and thermal stimuli to the eriglottis
and laryax of decerebrate cats to determine the thresholds and msost
responsive sites for stimulation of swallowing (Storey, 1968b). He
concluded that swallowimg, initiated from sites innervated by the superior
laryngeal nerve, may serve to guard the larynx froa saliva and liquid
bolus residues, or to clear the larymx of secretiocas comimng up froa the
trachea and bromchi. Mechanical stimmlationm of the receptors described
by Storey (1968a) during ansesthesia may result in laryngospasa.

A local analgesic spray almost coapletely eliminated the reactioa to
mechanical stimulsticn of the pharynx and anmterior larynx and to the
passage of a tube imto the trachea. This will be discuzsed more fully
later. The obserwvatioms of Larsell and Burget (1924) amd ¥Widdicombe
(1954b) that the trachea is more semsitive mear the carima tham in other
regions were confirmed im this study. Confirmation was obtained that
there are mechanoreceptors in the pharynx, soft palate, larynx and trachea

of cats.

(b) Spraying the pharyax and laryax with anaesthetic agents
or salime

Widdicombe (1964a), describing reflexes from the larynx, made the
comment: “Receptor discharges on application of irritants seem not to have

been described. FPresumably the larynx also contains paim endings."
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Dirnhuber et al (1965) have described the reaction to two irritaat
chemical solutions inserted into the larynx, which had been isolated
froe the trachea by insertion of a tracheal cannula. The preparations
used were anaesthetized cats. Sensory fibres in the recurrent laryngeal
nerves fired at a higher frequency im response to saline at 5°C than to
saline at 32°C. There was also a difference in frequency response to
solutions of the two chemicals, ome stimulating a response of a higher
and the other of a lower frejuency than that produced by saline at 5°C.
In the experiments reported in section (b) of this chapter, both ether
and halothane stimulated diacharges froam the cricothyroid muscles of
greater frequency and duratioa tham those produced by 0.9 per cent saline
at )7.0°C and 26.5°C. This eould be interpreted as being due to cooling
at the mucosa when ether and halothame droplets vaporized, but the fact
that in later experiments discharges of similer sagnitude were stimulated
by ether and halothame vapour makes it unlikely. Spraying with saline
at S°C was not attempted. It appears from the work of Dirmhuber et al
(1965) that the receptors in the cat's laryax stisulated by irritant
chemicals are those which are cold-sensitive.

An interesting point which came out of the experimemts in this section
was the possibility of compemsatory activity of the dorsal cricoarytemoid
muscle after laryngospasa as shown by prolonged activity of this muscle

during the inspiratory phase of the cycle after laryagospasa.

(c) 1Inhalation of anaesthetic agents to the intact respiratory
tract
Widdicombe (1964b), commenting on the effects of drugs and cheaicals
on reapiratory reflexes stated: "In minimm]l doses these may influemce

one particular group of receptors, but larger doses invariably imtroduce
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further actioms. Painstaking experiments may be needed to establish
specificity of effect (Dawes and Comroe, 1954). If such experiments
are domse, a drug may be a valuable tool for atudyimg a reflex." In the
work reported im this thesis, reflex laryngospaaa was stimulated by the
inhal=tion of vclatile ansesthetic agents, and it was in this coantext
that the reflex was being studied. In chapter VI, experiments are
reported in which hydrogen cyanide was used as a tool in an attempt to
determine the site of some of the receptors involved.

Allen (1929b) reported that the inhalitiom of stromg irritants in
man caused depression, slowing, and arrest of thoracic respiration. Kild
irritants only reduced the imspiratory phase and produced changes im
respiratory rate. In experiments reported in this thesis in which low
concentrations of volatile anaesthetics were inhaled, both incresses aad
decreases in respiratory rate were recorded. An anocsmic patient in
Allen's series responded to imhalatioa of ether and chlorofors, asoag
other substances, but not to wintergreeam and xylol, shich had produced
changes in normal petients. This observation shows that im the upper
respiratory tract olfactory receptors are not the only cmes imvolved. In
the experiments im this section, similar results were obtained in
decerebrate cats, in which the olfactory nerves had me comsunication with
the neuraxis, and im cats anaesthetized with chloralose. This confirwed
Allen's observation.

Harrison aad Vanik (1963) produced laryngospasm experimsntally im
anaesthetized cete by stimulating the vocal cords with bursts of ether
vapour, but made no attempt to determine the sites of receptors. They
were interested im the effect of atropime on laryngeal spasm.

In work reported in this thesis inhalation of ether and halothane to
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the iatact respiratory tract, at perceantages withim the renges used
during induction and maintenance of anzesthesia im clinical practice,
was capable of stisulating apacea and laryngospasa. Further experisents

were nseded to determime the sites of stimulation.

(d) The effects of vol=tile anaesthetic agents om isoclated

areas of the respiratory tract

The iamportance of this section of the experimental work is that it
shows juite clearly that areas of the respiratory tract anterior to and
including the larynx are mot the only ones shose stimmlatiom by anaesthetic
vapours say result in lsryngospssa and arnoea. This is a very importamt
concept in anasesthetic practice, because it indicates that the presence
of an endotracheal tube does not necessarily protect a patient agsinst
these undesirable hagzards of smnesthesia.

It is interesting that there are apparent variations in the lateat
pericds of ether, halothame, and sethoxyflurane. This may be due to
differences im solubility in blood of the differemt agemts. Diethyl
ether is more soluble than halothane or sethoxyflurane. Paintal (1957)
reported that the latencies between the start of insufflation and the
onset of a discharge froa pulmonary deflatiom receptors were longer after
trichloroethylene tham after ether. Ether is more soluble in blood
than trichloroethylene. Variations in latency must also depend oa the
coadition of the mucous svabrane surface, presence of secretioms, blood
supply snd similar factors.

Of even more interest is the failure of 2.9 per cent methoxyflurane
administered through a tracheal camnula to the distal trachea and lumgs to

stimunlate laryngospasm or changes in the respiratory rhytha although it
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had done 80 when administered by mask. 35ix to eight per cent halothane
did stisulate the laryngral reflex when administered by tracheal cannula.
This may h:ve been becsuse absorption of amethoxyflurane was too slow,
because the threshold of the receptors was not reached, or because those
receptors sensitive to ether and halothane are not sensitive to
methoxyflurane.

The discharge stimulated froam the cricothyroid muscle when ether
vapour was passed through an isolated tracheal segment was less intense
in frequency and of shorter duratioa than uvhen it was administered by
mask to the masopharynx and larynx, or by cannula to the distal trachea
#nd lungs. This may be explained by Elftman's observation (1943) that
in generzl there are fewer nerve endings distributed alomg the trachea
than in any other part of the respiratory tree. GIhe stated that there
were more afferent endings in the region of the tiracheal bifurcatiom
snd the lung hilus, but added the reservation that the amount of muscle
was greater in these regions, therefore there may be no actual difference
in the number of endings per unit volume of muscle. cividence has already
been presented, that the traches is more sensitive to mechanical stimulation
in the region of its bifurcstion (see section (a), this chapter). Dixon
and Brodie (1903), however, stated that sensitivity of the mucous membrane
to chemical irritants became less and less the lower down the respiratory
tract they investigated. iiddicombe (1954a) stimulated vigorous coughing
by exposimg the lungs of cats to sulphur dioxide, but found the trachea
and bronchi 'rather insensitive” to this stimulus. He considered, lrowever,
that there are receptors in the trachea and main bronchi which are cough
receptors for chemical as well as mechanical stimuli. The two experiments

in which laryangospasa was stisulated when ether vapour was passed through
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an isolsted tracheal segment provide further evidence for the existence
of chemoreceptore in that region of the respiratory tract. In both cases
the response was of sufficieamt aagnitude to lead ome to question
¥iddicombe's statement that the trachea and bromchi are "rzather
insensitive" to chemical stimulation.

Comroe (1965b) reported the presence of cheacreceptors in the lung
bed and his findings add weight to the experisental evidence presented
here. Paintal (1957), discussing pulmonary deflation receptors, stated
that insufflation of the lungs with ether, trichloroethyleme, or chloroform
stimulated and sensitized the deflation receptors. This was followed by
& depression or total loss of excitability of the receptors.

Up to this stage in the investigation, the respiratory tract had
been exposed to ether or halothane at relatively constant coamcentrations
(10 to 20 per cent and 6 to 8 per cent respectively). The next stage was
to ascertain whether there was a threshold for stisulation of laryagospasa
and apnoea, and whether proloaged adainistration of imhalation anaesthetic

agents desensitized the receptors involved.

(e) Threshold of stimulatioa

Adriam (1953) recorded action potentials froas the olfactory bulb of
the rabbit. He dres the conclusion that for the more volatile substances
the threshold coacentration needed to prodmce an olfactory discharge im
the rabhit differs little from that needed to evoke sensatioa im aasm.
Early experiments in the series reported in this thesis established the
fact that exposure of the respiratory tract to volatile anaesthetic agents
at short intervals produced inconsisteat results. This may have been an

indicatioa that it was impoasible to obtain comsistent results. Onm the
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other band it may have indicated that the receptors wers being desensitised,
or the wmhole animsl ammesthetised by too frequeat expoeure to the agents.
Paintal (1957), using cats anaesthetized with chlorslose, demxmstrated

that imsufflnatiom of the lungs with ethar or trichloroethylene was
invariably followed by lowered excitability of the deflatiom receptora.

The respoases were not always completely abolished, tut the duration and
intensity of the discharge were redmced. The period of depression varied
in different experimerts froa 2 to 30 mimutes and excitability tended to
return gradually. Harrisom et al (1963) had also showa that the
sensitivity of the respiratory tract to stisulation with ether could be
depressed by other imhalaticn agents. Nitrous oxide caused 1ittle change
in seasitivity, cyclopropame oaly depressed the response in deep anaesthesia,
but halothane and trichlaroethyleme caused graduslly decreasing seasitivity.
They confirsed Paintal’s observation that there was a teadency for responses
to diminish following repeated stimuli at shart interwvals.

In this study experiments were conducted which demonstrated an
approximate threshold fer the cnset of larynguspass and apnoea in relatioa
to inbhslation of ether and halothame. ¥With the vaporisers used, it was
not possible to deterwine accurately the conceamtration of vapour at say
time in the experiments. At the firet expasure to halothane, it was
possible to stimulate apnoes and larymgospasa with 2 per ceat vapour ia
oxygen frxom the "Halox" vaparizer, which is a relatively accurate vaporiser.
The comcentratioa had to be ruised, however, after the first exposmre,
confirming the observations on lowered excitability of receptars made by
Paintal (1957), and Harrisoa et al (1963)c The experimest ia which
increasing concentratioas of ether vapour were administered for short

periods at imtervals of 30 sim (Fig. 25, fasimg p.58) ahosed that criecothyroid
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activity increased with increasiag ether conceatration. “hen the
vaporiser lever was at position 4 (full-om) with the plunger wup,
laryngospasm and apnoea were stimulated for the first time. The concentration
of ether produced with this setting of the vaporigser may be regarded as the
threshold concentration for stimulation of laryngospasm and apnoea in

this decerebrate cat but it is acknowledged that previous exposure to
ether during the experiment may have raigsed the threshold. In the next
experiment (Fig. 27, facing p.59), when the reepiratory tract was exposed
continuously to ether vapour the respomse of the cricothyroid muscle to

an increase in ether concentration was delayed. The general effect on

the activity of the diaphragms was to depress and prolong it, rather than

to cause apnoea.

Feters (1954) sugzested that bronchospasm may be associated with
elev:tion of the arterial carbon dioxide tension in doga. Two experimeants
were carried out in which the ether vaporiser was enclosed im a large water
bath at 28.5°C. Absorption of carbon dioxide in one experiment but not
in the other had no effect on the results. Although Peters' work showed
that an incresse im arterial carbon dioxide temsion in dogs consistently
stisulated bronchospasm, the threshold for stimumlation of laryngospasa
in the cat was not raised by imserting a carbon dioxide absorber in the
anaesthetic system. The increase in inhaled carbon dioxide teneion
occurring when the soda lime absorber was withdrawn did not potentiate the
action of ether vapour im stisulating larymgospasa. No experiments were
carried out ia which carbon dioxide was added to the inhaled gas mixture.
Onder temperature coampensated comditions (provided by the water bath)
apnoea and cricothyroid mascle spasm were stimulated at lever positiom 2 in

both experiments. Under these comditions, it is suggested that the
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concentration of ether vapour at that setting provided a threshold for

the reflex.

(f) The effects of atropine

Burstein and Rovenstime (1938) suggested that drugs of the atropine
group should be adainistered before using short-acting barbiturates. Their
experiments were carried out on cats and were imconclusive, although |
excessively high doses of atropine were givem. Rall, Gilbert and Trump
(1945), using decerebrate dogs, reported that in 10 of 1l anizals neither
vagotomy nor doses of atropime of 10 mg per dog entirely abolished reflex
bronchoconstriction. Bronchoconstriction was produced by mechanical
stimulation of the nssoph:rymx, electrical stimulation of the peripheral
end of the cut vagus nerve, or injection of drugs such as acetylcholine
and histamine. Rosen (1960) stressed that there is no evidence that the
laryngeal suscles and their motor merves differ from other striated muscles
and motor nerves in the body. Therefore, atropisme should not be expected
to relieve laryngeal spasa. He polnted ocut that the doses of atropine
used by Burstein and Rovenstine in cats would be considered poisonous in
man. Harrison (1962) reported that atropime, at a dose rate of 1.2 mg
per cat in animels anaesthetized with cyclopropame or thiopeamtcme failed
to ms0dify responses such as coughimg, breath-holdiag or laryngospasm to the
inhalation of cigarette smoke. Subsequently Barrison and Vanik (1963)
recnrdsd a alight decrease in severity of laryngeal spesa in cats anaesthetized
with cyclopropane which were subjected to bursts of high coaceatrations
of ether vapour. The dose rates of atropime used were 6.6 to 18.2 mg per
kg (60 to 180 times the climical dose rate in cats). They suggested that
the antisialogogue action of atropime is the oaly one likely to have any

effect on the incidence and severity of laryngospasa.



In the two cats which were given atropine intravemously, no change
waa observed in the effects of ether adaimistered by mask or by tracheal
cannula, although the second cat received over 30 times the dose rate
used in clinical ansesthesia, thus coafiruing the results of these

workers.

(g) The effect of anslgesic sprays

In the present study, the fact that abolition or a reduction of the
response to sechanical stisulation of the pharyax and lsrynx occurred
after spraying these structures with a local analgesic solution suggzests
that many of the zechanoreceptora for the laryageal reflex are situated
in these areas. However, in many preparations some laryngeal adductor
activity was still stimuleted, suggesting the existence of receptors
further dowa the respiratory tract which the local analgesic spray had not
reached. Receptors in the nasopheryax similarly would mot be blocked by
these techaiques and this was demonstrated by the fact that shen ether
was adainistered through the nasopharyax and laryax after local analgesic
spray of the pharynx and snterior larynx there wae a small increase in
cricothyr-id activity and aa alteration in diaphragmatic rhythe ending in
a period of apneusis (Fig. 30, Trace 4, facing p.65). This was probably
due to stimulation of trigemimnal receptors in the nasophnrymx or receptors
in the distal part of the larymnx imnervated by the recurrent laryngeal
nerves. Adainistration of ether through the trachesl camnulas im this cat
stimulated effects almost identical with those before the analgesic spray,
indicating that depression of the reflex as & whole had not occurred.

#hen 2 10 per cent aerosol spray of lignocaine had been epplied to

the pharynx and laryax, adainistratioa of ether by mask stimulated a very



slight increase in cricothyroid activity after 4 sec (Fig. 31, Trace 3,
facing p.65) in a decerebrate cat whose recpiratory tract was intact. The
normm]l range of latency for ether stimulation by mask in this study was

0.1 to 2.4 sec. Reaction to sechanical stisulstion of the epiglottis

and vocsl cords at this stage was greatly reduced and endotracheal intubation
was achieved with ease. This fact has been applied in e¢linicsl anaesthesia
in cats with the result that what was at one time regarded as a hazardous
and difficult procedure may now be carried out with little danger.
Experiments which will be described im the chapter on nerve cutting and
stimaslation provide a logical b:sis for the results of the application of
local analgesics.

These experiments confirm and amplify earlier work by Larsell and
Burget (1924), who described the effects of cocaine on the trachea in the
rabbit and dog, and by Teitelbaum et al (1936) who reported that coceine
desensitized the cat's pharyngopalatine mucosa to mechanical stimulation.

#alts and Kassity (1965) ueed smethylene blue to study the spread of
a local analgesic solution. They administered the solutiom through the
cricothyroid membrane or between the first and secoad tracheal rings in
conscious men. They found that the degree of spread of the agent was not
necessarily related to the site of injection and that extenaive spread
above the vocal cords could result {rom both techniques. Their techniques
may prove useful for future work in animals, for instence as a method of

providing analgesia of the laryax for endotracheal iatubz=tioa in the pig.

(h) The effects of muscle relaxants

The adainistration of suxamethonium 2 to 3 =g intravenously immediately

after induction of ansesthesia has been used for amny years to facilitate
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endotracheal intubstion ia the cat (Hall, 1966b), and is used in hummn
anaesthesia (:vams amd iray, 1965). The duration of actiom of
suxamethonius is longer (usually 10 to 15 min) in the cat thaa in msn

(up to 5 min) and therefore it has the diudvanf:ap that a lomger period of
controlled or esaisted respiration is necessary after its use. Bjork

and %ahliam (1960) administered suxamsthomium iodide in doses of 0.5

to 1.0 mg intravemously to cats anaesthetized with ether and peantodarbitome
sodium. They veantilated the cats by means of a pump during apnocea. The
diaphragm was exposed surgically and its emg recorded froa lacquered
needle electrodes. They reported that am appereatly noreal inspiratory
rhase wshich was occasionally prolonged, was generally recorded. This

was followed by an extended period of activity equivalent in length to
several normal respiratory phases. Murtagh and Caspbell (1954) gave

doses of the order of 5 mg of suxamethonium to several goats of umspecified
weights, which sere anaesthetized with intraperitoneal pentobarbitone
sodium. Respiration stopped within 1 ainute, but the action potentials of
the intrinsic laryngeal muscles contiaued. In the animal they used as

an illustration, the dose of suxamethonium was a divided ome, and they
give no record of the amount in each of the two fractions. It is therefore
difficult to drasm cocnclusions from their experisent. However, it does
provide an indication that the activity of suxasethonius on the imtzimsic
laryngesal muscles may differ in cats and goats. In the record froa the
goat, the intrimsic laryngeal muscles are still active although the
diaphrags is paralysed. In the two experimeats in the cat reported here,
peralysiz of the diaphrags was accospanied by paralymis of the laryngeal
suscles.

In the two experiments in which suxamethonium was adainistered ia



this study it sas impossible to stimulate laryngospasa by exposing the
cats' respiratory tracts to ether. This resault was expected, because
the intrinsic smscles of the larymx are striated aad they are therefore

paralysed by suxamethonium.

(1) The effect of barbiturates

In one experiment in this study, the effect of imtraveacus thiopeatome
sodius on the imcidenace of laryngospasm was recorded. Ether still
stisulated laryngospasa after the adainistration of thiopentome but it
was less intense than it had been before the barbiturate was given. Thia
result supports Dundee’s sug estioa that the supposed stimulatiom of
laryagospasa by barbiturates in sen may in fact merely be a failure of
depression of laryngesl reflexes (Dundee, 1965). Murtagh and Campbell
(1954) were also unable to demanstrate any evidence of increased activity
of the intrinsic laryngeal =muscles in goats in reapocase to thiopentome
sodius. Harrisoa (1962), however, concluded that in man reflex responses
to respiratory irritatioa were more prolonged wsith thiopeantome and
cyclopropane than with nitrous oxide alone or halothane with nitrous
oxide. The effect of barbiturates on the laryageal reflex rewmains to be
determined unequivocally, but the evidemce appears to point to a failure
to suppress the reflex rather thaa to an active stimulatioa or

sensitisation.
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v TRE EFFECTS OF CUTTING NiRVES WHICH MAY BE INVOLVED IN TBE
LARYNGEAL REFLEX, AND SOM& RESULTS OF THEIR STIMULATION

The literature on laryngeal structure and function considered
in chapter II indicated the probable nerve pathways invclved in the
stimulation of laryngospasm. Murtagh and Campbell (195k) for example,
considered that the afferent pathways involved are those from the surface
of the pharynx end larynx (cranial nerves V, IX and X), and (in theory at
least) any other afferent nerve since they postulated that the entire
central nervous system may act as a connecting pathway between afferent
and efferent limbs of the reflex. They considered the efferent pathways
to be in the vegus nerve and its branches, the superior laryngeal nerves,
and the recurrent laryngeal nerves. They stated that the external
branch of the superior laryngeal nerve provides motor imnervation to the
cricothyroid muescle, and that the recurrent laryageal nerve has motor
branches to the other intrimnsic laryngeal muscles.

In chapter IV of this thesis, spraying the pharynx and anterior
laryax with a local analgesic solutiom had been shown to abolish or reduce
the effects of exposure of these areas to volatile anaesthetic agents,
indicating that receptors in thease regions were involved in the reflex,
but giving no inforsation as to the afferent nerve pathways.

The experiments reported in chapter IV have showa that receptor sites
for laryngospasm are situated not omly in the nasopherynx and larynx, but
also in the trachea and the lungs. A further series of 46 experiments
was now carried out to determine the effects of cutting nerves on the
response of the intrinaic laryngeal muecles to the imhalation of anaesthetic

agents. In 8 preparations, the effects of elsctrical stimulation of



Fig. 36 Stimulation of the Nasopharynx and Larynx by Ether after
Cutting the Internal Branch of Both Superior larymgeal

Nerves

1Sec

Decerebrate cat 1.3 kg Decerebration under nalothane ansesthesia,

Az Time mmrker 0.2 sec (interruptions of the time trace and arrows indicste the start of
etber administration).

B: Electramyogrem from cricothyroid suscle.

(] Electramyogres from disphrega.

Trace 1: Rffects of administration of ether by mask through the nasopharynx and larymx.

Trece 2: Effects of administrution of ether by mask after cutting the internal branchee of

both superior laryngeal nerves.
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central and peripheral ends of cut nerves were also recorded.

1, Experiments to Record the Effects of Cutting Nerves Which May
be Involved in the Laryngeal Reflex and Some Effects of Their
Stimulation

(a) The effects of cutting the internal branch of the
superior laryngeal nerves

The early experiments on cutting the internal branch of the superior
laryngeal nerve were carried out on cats under chloralose anaesthesia,
with the respiratory tract intact. In the first experiment of this type,
laryngospasm was stimulated 3.5 sec after spraying the pharyax and laryax
with ether, and apnoea occurred. The internal branch of the
ipsilateral supsrior laryngeal nerve was then cut. On exposure of the
pharynx and larynx to ether spray, laryngospasm occurred 4.5 sec after the
start of the spray, but no apnoea occurred. The internal branch of the
contralateral superior laryngeal nerve was then cut. On exposure to ether
spray there was a very slight increase in cricothyroid discharge, but no
apnoea. The cricothyroid activity was not sustained and it was thought

at that time that it may have been due to stimulation of receptors lower

down the respiratory tract. Stimulation of the intact ipsilateral external

branch of the superior laryngeal nerve at the end of the experiment was
followed immediately by vigorous contraction of the cricothyroid muscle,
showing that there had been no interference with the motor pathway.

As the investigation continued in decerebrate cats, it was fouad
that even with the nasopharynx and larynx isolated from the rest of the
respiratory tract, some resp;nao was stimulated when ether was administered

by mask after the internal branch of both superior laryngeal nerves had

been cut (Fig. 36, Traces 1 and 2, facing p.84). This response could have



Pig. 37 Stimulation of the Nasopharynx and Larynx after Cutting

the Recurrent laryngeal Nerves

A [N I I }

L T T T T T I O T T T T T T T T I T T T T S T T S O T I T S T O O R R T I B R T |

- - " — o

Deceredbrate cat 2.25 kg. Decerebration uader hslothane snaesthesis.

Az Tise marker 0.2 sec (interruptions of the time trace and arroes indicate the atart of
ether sdministration).

B: Zlectromyograa froe cricothyroid suacle.

C: Electromyogres roa disphragm.

Trace 1: Effecta of sdministration of ether by maak through the nasopharymx sad laryax

after cutting the internal branch of the auperior laryngeal nerves and the
recurrent laryngeal nerves on both sides.

Trace 2: Effects of sadministration of ether by mssk after block of the trigeminsl nerves.



Pig. 38 The Effects of a Perineural Block of the Trigeminal Nerves
after Cutting the Internal Branch of both Superior laryngeal

Nerves

Decersbrute cat 1.3 kg. lecerebretion under halothane anaesthesis.
A Time marker 0.2 sec (interruptions of the time truce and arrows indicate the start of
ether administration).

B3 Electramyogrea from cricothyroid suscle.

Cs Electromyogrea from diaphraga.

Trece 11 Effecte of adminietration of ether by mask through the nasopbarynx and laryunx.

Trace 21 Bffectes of sdminietration of ether by mask aefter cutting the intermal branches
of both superior laryngeal nerves.

Trece 3: Effects of adainietration of ether by mask after section of the internal brunches
of both superior laryngeal nerves and block of both trigeminal nervees.

(Spikee retouched)
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been due to stimulation of receptors with afferent pathways in the recurreat
laryngeal nerves, or receptora in the nasopharynx with afferent pathways

in the maxillary branches of the trigeainal nerves. Branches of the
glossopharynageal nerves may also be involved and their afferent imnervation

of the carotid bodies is considered in chapter VI.

(b) The effects of cutting the recurrent laryngeal nerves

The recurrent laryngeal nerves were cut in 9 experiments during the
investigation. This was done in most cases to determine whether they had
branches which provided part of the afferent nerve supply to the trachea
and lungs and will be considered further in section (d) of this chapter.

“hen ether was passed through the nasopharynx and larynx after
the internal branches of both superior laryngesl nerves had been cut an
interruption of diaphbragsatic rhytha and laryngospasa were stimulated,
as has been described in section (a) of this chapter. If both the recurrent
laryngeal nerves were also cut, there was no change in the effect of
ether adminiatered by mask (Fig. 37, Trace 1, facing p.85). The injection
of lignocaine solution around the trigeainal nerves within the cranial
cavity at this stage abolishcd the stimulation of laryngospasa by ether

administered through a mask (Trace 2).

(c) The effects of a perineural block of the trigeminal nerves
with local analgesic solution
Laryngospass, and apnoea or changes in respiratory rhyths were
consistently stisulated by passing ether vapour by mask through the iaolated
nasophsrynx eand lerynx (Fig. 38, Trace 1, facing p. 85), When the internal

branch of the superior laryngeal nerve was cut on both sides, the effects



Pig. 39

N

A

The Effects of Cutting the Cervical Vagus Nerves
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Decerebrute cate 3.0 kg (Trace 1) 1,3 kg (Traces 2 and 3). Decervbration under halothans/

ether and halothane anaesthesia,

A: Time marker 0.2 sec anterrupuana of the time trace and arrows indicate the start of

ether edminietretion

B Electramyogrea of cricothyroid muscle,

C: Electramyogrea of diaphrega.

Trece 1: Effects of administration of ether through an isolated segment of treches,

Truce 2: Effects of administretion of ether to trachea and lungs after gection of the intermal
brenches of both superior laryngeal nerves and block of both trigemiosl nerveas.

Trece 3 Effects of administration of ethrr to traches and lungs after cutting doth vagus
nerves at the level of the first trachcal ring,

{Spikes retouched)



Pig. 40 Stimulation of Diaphragmatic Activity when Ether is Inhaled
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Deseredrute eat 4.6 kg. Decerebretion under halothane anassthesia,
A:  Time marker 0.2 sec (interruptions of the time trace and arrows indicate the start of
ether admintstration).

B:  Blectramyograam fram cricothyroid muscl:,

C: Blectramyograa froe diaphrega.

Trece s Bffects of ether administered to trachea and lunge after section of the iatermal
branches of both superior laryngeal nerves and block of both trigeminal nerves.

Truce 21  As in Truce 1, but after cutting both vagus nerves at the level of the firet
tracheal ring.

(Spikes retouched)



of ether, administered 30 ain later, were reduced, but laryngospasa and
apnoea were still stimulated (Trace 2). Perineural block of the
trigeainal nerves anterior to the Gasserian ganglion in addition to
section of the internal branch of both superior laryngeal nerves abolished

the effect of ether on the nasopharynx and larynx (Trece 3).

(d) The effects of cutting the cervical vagus nerves

Zther, administered by tracheal cannula to an isolated segment of
trachea when the larynx was by-passed (Fig. 39, Trace 1, facing p.86)
or to the distal trachea and lungs when the internal bronch of both
superior laryngeal nerves had been cut and the trigesinal nerves blocked
(Trace 2), still stimulated apnoes and laryngospasa. The evidence
therefore indicates that the afferent nerve pathways for laryngospasse
initiated in reaponse to receptors in the trachea and lungs are different
from those innervating receptors within and anterior to the larynx. The
direct pathways from the trachea could be in the recurrent laryngeal or
vagus nerves, whereas those froa the lungs might be in the vagus nerves.
Another possibility is that the cervical sympathetic system may be
involved. When both vagus nervea were cut at the level of the first
tracheal ring, laryngospasa was not stimulsted by imhalation of ether
to the distal trachea and lungs im 15 of 19 experiments (Trace 3). Ia
the other 4 experiments there was a delayed effect on respiratory rhytha
and stisulation of cricothyroid activity which may have been due to
carotid body stisulation (see chapter VI). In one cat after the vagus
nerves vwere cut, inhalation of ether resulted not only im inhibitiom of
cricothyroid suscle activity but also in stisulation of diaphragmatic

activity (Fig. 40, Traces 1 and 2, facing p.86). Diaphragmatic activity
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was increased both in frequency of action potentials and im the number of
motor units involved. These apparent anosslies will be considered in the

discuasion.

(e) Stimulation of nerves thought to form part of the
laryngeal reflex pathways

In 8 cats, electrical stisulation of intact or cut nerves was carried
out. This was a sinor part of the study for reasons which will be considered
in the discussion. Very early in this work, the intact external branch of
the superior laryngeal nerve was isolated. Electrical stismulation of the
intact extermal branch of this nerve resulted in contraction of the
ipsilateral cricothyroid muscle and an audiosignal from a needle electrode
in the muscle. In the same cat, stimulation of the neck muscles produced
no contraction of the cricothyroid suscle and no signal froa the electrode.
In 3 cats, stisulation of the imtact recurrent laryngeal nerve reczulted in
sovement of the ipsilateral vocal cord and arytenoid to a position midway
between adduction and abduction. The cord stayed in this position for the
duration of the stimulus. In another cat stimulation of the intact
external branch of the superior laryngeal nerve resulted in almost immedicte
contraction of the cricothyroid suscle, whereas stimulation of ths internal
branch produced no similar immediate contraction.

When the intermal and external branches of the superior laryngeal
nerve were cut in a eat which had showa laryngospass and apnoea on
exposure to ether and halothane, no laryngospasa occurred when ether was
inhaled, although the diaphregmatic record became irregular. Electrical
stimulation of the central end of the cut interval branch of the superior
laryngeal nerve resulted in a discharge of action potentials froa the

ipsilateral cricothyroid auscle after a pause, thus providing supporting



evidence for the role of the internal branch of the superior laryngeal
nerve a2 an afferent limb in the laryngeal reflex. Stimulation of the
peripheral cut end of the sase nerve reasulted in no discharge froa either
cricothyroid suscle, confirsing evidence in the litersture that this
branch has no motor function to the cricothyroid muscles. This effect
was repeated in another cat in which electrical stimulation of the central
end of the cut internal branch of the superior laryngeal nerve resulted
in the contraction of ipsilateral and contralateral cricothyroid muscles

and apnoea.

2. Discussion of the Lffects of Cutt or Stimulating Nerves Which
May de Involved in the Laryngeal Reflex

Early in the work reported in this thesis, it wvas demonstrated that
cutting the intersal branch of the superior laryngeal nerves reduced the
effects of inhaling anaesthetic agents. For a coansiderable time in the
study reaidual effects of exposure of this area to ether (for example
see Trace 2, Fig. 36, facing p.84) were considered to he due to stimulatioa
of receptors in the caudal larynx or aanterior trachea. They persisted,
however, when the vagus nerves were cut at the laryngotracheal junction
suggesting that the afferent pathway for the reesidual effect was neither
in the recurrent lsryngeal nerves, nor in the vagus nerves caudal to the
point at which they were cut.

Allen's work (Allen, 1929a, 1936) and that of Murtagh and Campbell
(1954), suggested that the trigeminals may provide a pathway froa
naso-pharyngeal receptors. When, im experiments described in section (c)
of this chapter, the trigeminal nerves were blocked with lignocaine,

the effects of exposing the isolated naso-pharymx and laryax to ether
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Stimulation of Diaphragmatic Activity when the Nasopharynx,

Larynx, Trachea and lungs are exposed to Ether Vapour

Deceredrete cat 4,6 kg. Jecerebrution under halothane anassthesia,
As Time marker 0.2 sec (interruptions of the time trece and arrows indicate the start of
ether administrution in Truces 2, 3, 4, and 9).

B: Electromyogram fram cricothyroid suscle,

Ct Electramyogrea froa diaphrags.

Trece 1: Juiet respiration.

Trece 21 Effects of ether administered by mask through the nasopharynx and laryns.

Trace 31 Effects of ether administered to traches and lungs.

Trece 4: Effects of ether sdministered by mask after section of the intermal dbrunchee of
both superior laryngeal nerves and procaine block of both trigeminale.

Trace 5: As in Trece 4, but after cutting doth vagus nerves at the level of the firet
trachesl ring.

(Spikes retouched)
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were 8bolished. At first, an sttempt was made in decerebdrate preparations
to cut the trigeainal nerves intracranially anterior to the Gasserian
ganglia. It proved difficult to cut the nerves at this site without
provolkdng profuse haesorrhage, which made the preparation unsatisfactory
or caused its death., To avoid this complication, attempta were made

to cut the nerves using electrocautery. This technique proved no more
aatisfactory than ligation and cutting, because haemorrhage was equally
severe. After these methods had proved unsatiafactory, it was decided
to attempt a perineural local analgesic block of the trigeaminal nerves
withia the cranial cavity. The position at which the block was carried
out was just anterior to the orbital fissure and round foramen. Because
of the vascularity of the dura, haesorrhage etill preasented such a
problem that 3 of the 8 cats in which this technique was used bled
profusely during the procedure. Of these 3, 1 died and the other 2 were
considered unsuitable for further experimental work. The trigeminal
nerves were blocked succesafully, as judged by abolition of the laryngsal
reflex, in b cats in which 2 per cent lignocaine waa used and in 1

cat in which 2 per cent procaine was used.

In the 4 cats in which the trigeminsl nerves were blocked with
lignocaine after cutting the internal branch of the superior laryngeal
nerves, stisulation of the naso-pharynx and larynx with ether vapour
provoked neither apnoeea nor laryngospasm. In the 1 cat in which procaine

was used, laryngospasa was inhibited, but instead of inhibition of

diaphragmatiec activity, stimulation occurred. In this preparation,

stimulation of diaphragmatic activity by ether occurred both when it was
adainistered by mask and by tracheal cannula (Fig. 41, facimng p.89).

Before the vagus nerves were cut, ether evoked intermittent periods of



inspiratory activity of the diaphraga (Trace 2), apneusis (Trace 4), or
a combination of these two types of activity (Trace 3). After cutting
the vagus nerves, the diaphragmatic activity atimlated was similar to
that produced by carotid body stimulation (see chapter VI). It remains
to be detarmined whether in some animals stimulation by inhalation agents
causee diaphragmatic spasa rather than psaralysis, or whether this was

a2 specific drug effect stimulated by procaine. It is intended that this
reaction should be investigated more fully in future work. The results
of cutting the internal branch of the superior laryngeal nerves and
blocking the trigeminal nerves confirm the reports of the functionm of
these nerves as afferents from the naso-pharynx and laryax (Allen, 1925a,
19363 Faadorg-Andersen, 1957; Gruber, 1917; Jewett, 19643 King and
Gregg, 1948; Kirikae et al,1962; Llam and Ogura, 1952; Lemere, 1932a,
1932b; Murtagh, 1945; Murtagh snd Caspbell, 1954; Ogura and Lam,

1953; Fressman and Kelemen, 1955; Teitelbaum et al, 1936).

It i8 well established, froa the literature already quoted in
chapter 1I, that afferent nerves froas the larynx caudal to the vocal
cords innervate chemoreceptors in that area. In the experimeant described
in section (b) of this chapter, the recurrent laryngeal nerves were not
shown to be involved in the laryngeal reflex stimulated froa the
naso-pharynx and larynx. In this experiment, apnoea and cricothyroid
spasa persisted after cutting the internal branch of the superior laryngeal
nerves as well as the recurrent laryngeal nerves, but were abolished when
the trigeminsl nerves were blocked. In other experiments (section (c) of
this chapter) the laryngeal effects of ether by mask were abolished by
section of the intermal bramch of the superior laryngeal nerves and the

trigeainal nerves without recourse to cutting the recurrent laryngeals.
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It thua appears that afferent pathways in the recurrent laryngeal nerves
have little part in the effectsa of the inhalation of volatile anaesthetic
agents on afferent receptors in the naso-pharynx and larynx.

A practical problem in experiments in which the recurrent laryngeal
nerves were cut was that it resulted in motor paralysis of all the intrinsiec
muscles of the larynx except the cricothyroid muscle. For this reason,
if the recurrent laryngesal nerves or the vagus nerves were cut the
procedure was carried out as late as possidle in the course of an
experiment.

The possibility still remains that the recurrent laryngeal nerves
may form part of the afferent pathway for the stimulation of laryngospasm
by the action of inhalation anaesthetic agents on an isolsted segament of
trachea. This was suggested by the experiment illustrated in fig. 39,
Trace 1 (facing p.36). During the course of the experiment, cutting the
vagus nerves at the diatal end of the isolated tracheal segment reduced the
reaction to ether through the segmsnt (this is not shown in the trace).
This interrupted the afferent pathway froa the recurrent laryngeal nerves,
suggesting that they provided part of the s<nsory innervation of the trachea.
Cutting the vagus nerves at the anterior end of the tracheal segment
reduced the reaction to ether passed through it still further. Thie
demonstrated the possible existence of afferent pathways from the trachea
to the cervigcal vagus. #hen the recurrent laryngeal nerves themselves
were cut at the level of the anterior end of the tracheal segment, it was
not possible, with certainty, to detect any reaction to ether vapour
passed through the segment. Lemere (1932b) had demonstrated clearly inm
dogs that a rasus anastomoticus exiated between the superior and recurrent

laryngesl nerves, and that its fora varied fros a single trunk to a plexus.



Pig. 42 Diagram showing the Innervation of the Carotid Body and

Carotid Sinus in the Cat
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It is possible that the persistence of reflex stimulation up to this point
in the experiment could have been due to afferent impulses in the
recurrent laryageal nerves passing to the vague through the rasus
anastomoticus.

The inhalation of ether vapour into the distal trachea and lungs
failed to stimulate laryngospasa and the rhytha of the diaphraga
renained regular in most cases when the vagus nerves were cut at the level
of the laryngotracheal junction. The latency between the start of ether
administration and the omset of increased activity in the cricothyroid
auscle was measured in 10 records repreasentative of the series. It was
found to renge between O.4 to 7.0 sec when adainistration was by tracheal
cannula. The shorter latencies are consistent with stimulation of
receptors in the tracheal aucosa and lunges and an afferent pathway in
the vagus nerves. The existence of such a pathway is supported by
Coarce's report that chemoreceptors are present in the lung bed (Comroe,
1965a). The longer latencies and the onset of the second phase of
biphasic responses (Fig. 23, Trace 2, facing p.56) are consistent with
the possibility that chemoreceptors in the aortic arch and carotid body
may have been stimulated after ether was absorbed into the bloodstreas.
Jowett (1964) sugzested that there may be a sasll number of direct
nervous connexions between cardiovaacular end respiratory organs.

Murtagh and Caspbell (1954), in their assessmeat of possible afferent
pathways for the laryngeal reflex, included the glossopharyngeal nerve
among possible nerves involved. The sinus nerves froa the carotid
bodies are branches of the glossopharyageal nerves (Fig. 42, faoing p.92,
after Heymans and Neil, 1958). In the next chapter, experiments are

desoribed in which an atteapt was made to determine whether this pathway



is involved as well as that recognised in the vagus nerves.

Stimulation of intact and cut nerves in 8 cats confirmed observations
of previous workers that the external branch of the superior laryngeal
nerve is the sole motor supply to the cricothyroid muscle in the cat,
whereas the internal branch provides afferent innervation to part of the
larynx. Because the work in this study is mainly concerned with the
influence of volatile anaesthetics on the laryngeal reflex, emphasis has
been placed on stimulation of receptors in the respiratory tract by
these agents, rather than on electrical stimulation of nerves thought
to be involved in the reflex. Reflex pathways were defined by recording
cessation or modification of the effects of inhalation agents after the

nerves considered to form part of the reflex arc had been cut.



v THE SPFECTS OF IRTRAVENOUS IRJECTIONS OF A SOLUTION OF ETHER.
A COMPARISOR WITH THE EFFTRCYS OF IRJSCTING A SOLUTION OF
BYDROGEN CYANIDR

The experiments descrided in this chapter were carried ocut in an
attespt to deterwime sore definitely the receptor sites and nerve pathwaye
involved when laryngoepasa is stimulated by volatile anaesthetic agents
inhaled into the distal trachea and lumgs. It was suggested in chapter V
that the considerable variatioas in latencies and the biphasic effects
which were found when ether was administered to the distal trachea and
lungs may have occurred because stimulation was not omly at the tracheal
and punleceary mucosa, but also at eame other site or sites after absorption
to the bloodstress. ¥hen Doth vagms nerves were cut at the level of the
first tracheal rimg for example, laryngospasa and respiratory rhythm
changes were not stimulated by inhalation of ether in most experiments
but there were occasional exceptions (see chapter V, section (d) p.86).
Moreover the latency between the start of ether administration by tracheal
cannula and the omset of imcreased activity in the cricothyroid sascle was
found to range from O.4 to 7.0 sec.

That alterations in the coamposition of the blood in the aarta could
cause respiratory refleses has already been shown (Esywmns and BEeymmns
(1927) cited by Lovatt Evans (1943a)). The reflexes, according to these
suthors, arvee fram stimulation of the aortic body, and the afferesmt
pethsays were in the vagus narves. More recently Gabel (1961) has described
the occurrence of laryngospesa ia a bharse ia which general amassthesia
was being saintained by the infusion of a 5 per cent ether solutiom. In

the experiments reported in this thesis, laryngospasm and apnoea could
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injection in Treces 2 and 3 and the erd of injection in Trece 1),
Bs  Rlectramyogrea fram cricothyroid muscle.
C1 Electramyogram fram ulaphreaga,
Trace 1: Effects of intravenous in ectior of a 5 per cent halothane solution.
Trece 2: Effects of intravenocus injection of a 5 per cent ether solution,
Trece 31  Bffects of intravenous injection of J.9 per cer.t saline.
(Spiiwes retoucred;



similarly be stimulated im the cat by the intravenous injectioa of a
S per cent solution of ether im saline, the injecticas being made
through an indwelling polythese cannula in the femoral vein.
lLovatt Evans (1949%) also recorded experiments in which he ahowed
thet a aamall dose of sodium cyanide, injected into a peripheral vein could
be used to measure the circulation time from that vein to the carotid body.
When the cyanide reached the carotid body it caused hyperpnoea; after
cutting the sinus nerves (afferents from the carotid body) and vagus nerves,
the lateat period increased. He concluded that the late augasmtation of
breathing was probably due to the action of carboa dioxide at the msdulla.
It was considered therefore that a coaparisaca of the effects of
injecting solutiocas of ether and hydrogea cyanide could indicate whether
or not the carotid bodies were involved in the laryngesal reflex.

1. Experiments to Record the Effects of the Intravemows Injectiom
of Soluticns of :Sther and Hydrogen Cyanide

(a) The effects of injecting anazesthetic sclutions and
saline into the femaral vein

In the firet 2 experimeats, in which up to 10 ml of a 5 per ceat
solution of ether im 0.9 per ceat saline wmere injected into the fewmorul
vein, spasa of the cricothyroid suscle and apnoea were not stisulated. In
the third experimeat an injection of 20 ml 5 per cent ether imtravenously
stimulated a burst of activity fros the cricothyroid smscle snd apnoea.
Apnoea vas followed by a period of ammeusis and after this the respiratory
rate increased. In the next experiment contimuous cricothyroid activity
and apnoea were stimnlated by a 5 per cent halothame solution as well as
by 5 per ceat ether (Fig. 43, Truces 1 amd 2, facing p.95). A comtrol
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Treee 1: Effests of intrevenous injection of 5 el S per ceat ether solutioa.
Treee 2: Effects of intrévenows injectiom of 5 el 3 per ceat ether sclutioca after eectice
of the internal brenches of Both superior leryngeel merves.
Trese 351 Lffects of intrevenous injection of 1 @l & per cent ACR eclutica.



injection of 20 ml of 0.9 per cent saline stimulated no change im the
cricothyroid muscle activity or in respiration (Trace 3). The latency
between start of injection and effect waa much loager in the case of
halothane (9.0 sec), than when ether was injected (1.5 sec).

Having dsmnastrated that intravenoms injections of solutions of
volatile amaesthetics will stimulate laryngospasa and apnoea, the next
step mas to attespt to determine vhere the receptors were located. By
cutting varicus afferent merves and observing sny changes in the effects
of the imjectioma of solutioms, possible merve pathways could be determined.
In the early experimsnts in this section the results of cutting nerves
were inconsistent. Paintal (1963) states that for a correlatiom of
circulation time with injectioms of chemicals the isportant times to record
are start of injection amnd start of discharge. It wvas decided to compare
the effects of injecting 5 per ceat ether with those stimmlated by

injection of hycrogen cyamide solutiozn.

(b) A casparison of the effects of the intravenocus injectiom
of solutioms of ether and hydrogen cyanide

In a cat under chloralose anaesthesia (65 amg per kg) S ml of S per
cent ether adainistered iatravenously stimulated a burst of cricothyroid
suscle actioa potentials and a ahort period of apnoes (7.5 sec) which
extended beyond that shown on the trace (Fig. &b, Trace 1, facing p.96).
In the same cat, after cuttiag the intermal branches of both superior
leryngeml merves, 5 al of S5 per ceat ether givem intravenously stimulated
soms incrwase in cricothyroid activity and a chaage in duratioa of
diaphragmtic activity (Trace 2). There vas also stimmlatioa of activity
of some units in the disphragm during expiration, which continued for
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Ansesthetized cat 3.4 kg. Chlormlose (65 mg per kg) administered after halothane induction.
As Time marker 0.2 scc (interruptions of the time truce and arrows indicate start of
injection).

B: Electramyograa fram cricothyroid muscle,

(4] Electramyogrua from diaphregm,

frace 1: Effects of intravencue injection of 5 ml 5 per cent ether solution.

frece 21 Effecte of intrauvenous injection of | ml 4 per cent HCN solutiom,

fruge 3 Bffects of intrauvenous injection of % ml 5 per cent ether solution after section of
the internal branches of both superior laryngeal nerves,

Trece 4: Effects of intravenous injection of 1 ml 4 per cent !ICN solution after eection of

the internal branches of both superior laryngeal nerves.



8 sec. The start of activity of these umits can be seen in Trace 2.

1 ml (40 mg) of HCN solution, adainistered intraverously and sashed ia
with 1 21 of saline emused diaphragmmtic stimuletion 6 sec after the end
of injection, but no erieccthyroid activity vas stimumlated (Trace 3).

The latency for diaphragmatic stisulatioa by ECN was 6 sec caspared with
stimulation of the cricothyroid by ether within 0.6 sec of the emnd of
injection. EHowever, the shortenimg of duration of activity of the
diaphraga after ether did not oecur until 6 sec after injectioa. All 20
cats used im this series of injection experiments exhidbited increansed
cricothyroid ectivity and apnoes or changes im respiratory rhytha shen
they inhaled ether by mmsk or tracheal cammula.

Three experisents contributed more informamtion tham any of the others
tosards the locatioa of sites of stisulation cutside the respirstory tract
iteelf. It 1s proposed to describe these im detail:

(1) ‘The cat was anaesthetised with intravencus chloralose (65 mg
per kg) after induction with halothame. Ether vapour administered into
a tracheal camnula stimmlated contimmous cricothyroid activity and a break
in the rhythm of the diaphrages. 5 ml of a 5 per ocent ether soclution failed
to stisulate increased cricothyroid activity but caused breath-holding for
one imspirstory cycle (Fig. 45, Trace 1, fagiag p.97). 1 ml (%0 =g)

RCH administered intravencusly stimmlated an imorease im frequemcy of
diaphrags activity and in the mumber of units imvolved. The latensy

was M.4 sec after campletiom of the iajection and the imncrease im activity
vas of the type associated with carotid dody stimulation (Trece 2). The
internal branches of the superior laryngeal nerves were them cut om both
sides. Ether vapour administered to trachea and lungs stimulated 2
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Ansgathetized cat 3.4 kg. Chloralose (65 mg per kg) administered after halothane induotion

(Same anima) as in Pig. 45).

As Time marker 0.2 seo (interruptions of the time trace and arrows indicate start of

1pjection).

B: Electrumyogres from cricothyroid suscle,

Cs Eleoctramyogrea from diaparega.

Trace 1 Effects of intrdvenous injection of 5 ml S per cent ether solution after section
of the internal branches of both superior laryngeal nerves and both vagus nerves,

Trace 2: Rffects of intrevenous injection of 5 ml 0.9 per cent saline. Nerves cut as in
Trace 1,

Trece 3: [Rffeocts of intravenous injection of 5 al S per cent ether eolution after an
attempt to cut both sinus nerves.

Trece 4 Effects of intravenous injection of | ml 4 per cent HCR solution after an attempt
to cut both einus nerves.

(Spikee retouched)
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ocricothyroid discharge after a latency of 1 sec. 5 ml 5 per cent ether
given intravenously stimulated a burst of activity from the cricothyroid
and a short break in the respiratory rhytha 1.5 sec after cospletiom of
the injection. Two further sdministrations of S ml 5 per cent ether
intravenously at 15 uin intervals stisulated a cricothyroid diacharge and
short apnoes in each case (Trace 3). 5 al of saline imtravenously had
no effect on diaphragm or cricothyroid, but 1 ml (4 mg) HCN followed
by a 1 =l saline wash-in stisulated an increase in diaphrega activity
6.0 sec after the HCN had been injected, and some action potential spikes
from the ocricothyroid (Trace &). Two minutes later there was a comsiderable
increase in cricothyroid activity, lsstiag 3 min, which was not recorded.
The vagus nerves were then cut at the level of entry of the tracheal
cannula. Ether vapour administered into the tracheal camnula now stimulated
neither apnoea nor corieothyroid activity. S ml of a S per cent ether
sclution given intravenously stimulated no cricothyroid activity, no apnoea,
but did stimulate an increase in frequency and number of diephragmatic
motor units 3.0 sec after the start of the injection (FMg. 46, Trace 1,
facing p.98) (the same time interval which had occurred between imspirations
before the injection). 5 ml of saline intravenously S min later stisulated
no chenges in respiration or cricothyroid activity (Trace 2). Ten minutes
later 1 ml (40 mg) HCN given intrevenocusly and washed in with 1 ml saline,
stimulated an inscrease in sctivity of the diaphreges 2 to 3 sec after the
saline waeh~in.
An attespt was sade to cut the sinuas nerves (afferents from the
carotid bodies to join the glossopharyngeal nerves) omn both sides. 5 ml

of 5 per cent ether administered intravenously still stisulated diaphragmatic




Pig. 47 The Effects of Intravenous Injection of Ether and HCN

Solutions, 4.

CRR L 0 T T T DO L L T O T T IR SR R . T 0 N W N TN T O T Tt TN Y T TN VO S Ve I T T T TN L O TN TR B

I|mV
e
1 Sec

LI T T T T T T T T T T T T T T T T T S A T T T O O O O L S B T T O O I I}

Decerebrate cat 2.5 kg. Decerebrution under halothane ansestbesia.

At Time marker 0.2 sec (interruption of the time truce and arroe in Trace ! indicates
end of injection).

B: EKlectragyogrea fram cricothyroid suecle.

C: Electramyogres fram diaphregum.

Trease 1: Effects of intrevenous injection of 20 ml 5 per cent ether solutiom,
Trece 2: The same as Truce 1, 8.5 sec after the end of injection.

(Spikes retouched)



activity 4.5 sec after the start of injection (Trace 3). WNo apnoea was
stisulated but there was a slight imcrease in cricothyroid sctivity at

the sase time as the diaphraga was stimulated. Ten seconds after the
injection there wvas a sudden inecrease in frequency and mumber of active
units in the cricothyroid muscle, the start of which can be seem at the end
of Treos 3. This imdicates that all the afferent merves froa the carotid
bodies had not been cut. Traces 3 amd b in PFig. 46 suzgest the possibility
that, after cutting the vagus aerves, both ether and HCN cause stimmlation

of carotid dody chsmoreceptors.

(11) The cat was decersbrated by intercollicular sectica umder

| halothans anaesthesia. Zther wapour adwinistered through a tracheal
capnula stimilated contimucus cricothyroid activity and apnoea. In this
experiagnt all injections wvere of 20 al of solution, whereass in some
experisents ether and HCH were givea in different volumes of solution.

20 al of a S per cent ether solutiocm given iatravencualy stimmlated apncea
and an increase in cricothyroid activity before the end of the injectioa
(Fig. 47, Trace 1, facing p.99). This was followed 9 sec later by a more
violeat cricothyroid respmnse (Trace 2) as the diaphrugm activity started
again with a period of amnsuxis (continucus diaphragmatic activity).

20 ml 0.9 per ceat salinme givea intravencualy stimalated no respamse.

20 al (40 mg) BCE given intravemoualy stimmlated an iacreese ia frequency
and samber of units active ia the diaphrega which was synchromms with
stismlatisa of a discharge froa the ericothyroid. Both these effects
were rusnrded 3 sec after the el of ianjectisn. Myythmis cricothyroid
activity persisted in phase with imspirestion, gradually diminiahiag over
a period of 18 see.
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Cs Electramyogrem from diaphrega.

Trece 1: Effects of intrauvenous injection of 20 al 5 per cent ether solution after section
of the internal branches of both superior laryngeal nervee,

Truce 2: Rffects of intravenoue injection of 20 ml 0.2 per cent HCN solution, Nerves cut
as in Trace 1,
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Decersbrute cat 2.5 kg. Decerebration under halothane anaesthesia (Same animal as in

Pigs. 47 and 48).
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indicate end of injection).

B: Electramyograns fram cricothyroid muscle.

C: Blectramyogrea fram diaphregm,

Truace 1: Quiet respiration after eectian of both vagus nerves.

Trace 2: Effects of intravenous injection cf 20 ml 5 per cent ether solution after sectioo
of both vagus nerves.

Trece 3 Effects of intravenous iinjection of 20 al 0.2 per cent HCN after section of both
vagus nerves.

Truce 4: Effects of intravenous injection of 20 ml 5 per cent ether solution after section
of both sinus nerves.

Trece 5: Effects of intrevenous injection of 20 ml 0.2 per cent HCN solution after section
of both einus nerves.



The internal btranchees of the superior laryageal aerves were thea
cut oa both sides. Zther vapour, administered to the traches and lungs
8till stisulated apnoea and a cricothyroid discharge. The patteram of
response to injection of 20 ml of a 5 per ceat solutioam of ether changed.
There vas a pamse ia respiration of & sec at the ead of injectioa.

After this there was a simultanecus increase in cricothyroid frequency
and units and in diaphregmtic activity (Fig. 48, Trace 1, facing p.100).
20 m1 (40 mg) HCN givem intravencusly stimulated an increase in frequency
of diaphrega discharge, an increase im respiratory rate and a ammll
cricothyroid discharge 4 sec after the end of the injection (Fig. A8,
Trace 2).

Both vagus nerves were them cut. Truce 1, Fig. 49 (facing p.100)
shows the pattera of activity of the cricothyroid mmscle and diaphrugs
after the vagus nerves were cut. Note that cricothyroid activity is
synchroacus with inspiretory activity of the diaphraga. Ether administered
by tracheal camnula did mot stismlate apncea. Five secoands after the
start of ether admimistratioa there was a asall respoase froa the
cricothyroid. Twenty omes secands after ether administratioa started,
coatisucus diaphragmatic activity vas stimlated for 11 sec amd no
activity was recorded from the cricothyroidd. 20 ml S per cemt ether
given imtravencusly stisulsted mo apnoes. A cough and incremsed cricothyroid
activity were stisulated 0.2 sec after the end of the injectiom and the
ericothyroid activity coatinued for 6 sec (Trace 2), them for a further
3 sec after a 1 sec break im activity. Comtimwous diaphragmatic activity
started 7 sec after the end of the injection amd lasted 1l sec, being

folloved by a periocd im which there sere 1 sec gaps of lessemned activity.
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Decerebrate cat 2.1 kg. Decerebration under halothane anaesthesia,
A: Time marker 0.2 sec (interruptions of the time trace and arrows indicate start of
injection).

B: Electrumyogream frow cricothyroid muscle,

C: Electramyograns from diaphregnm,

Trace 1: Effects of intravenous injection of 20 ml 5 per cent ether solution.

Tregce 2: Effects of intravenous injection of 20 ml 0.2 per cent HCN solution.

Trace 3: Effects of intravenous injection of 20 ml 5 per cent ether solution after section
of the intermal branches of both superior laryngeal nerves.

Trace 4: Effects of intravenous injection of 20 ml 0.2 per cent HCN solution after section
of the intermal branches of both superior laryngeal nerves,
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20 m1 (A0 mg) HCN ziven intravenously stimmlated an increase in frequemcy
and in the ausber of active diaphragm units 2.5 sec after the end of the

injection, which was accompanied by an increase in cricothyroid activity

(Trace 3).

The sinus nerves were then cut oam both sides. 20 ml of S5 per ceat
ether intravenously stisulated an increase in frequency of the cricothyroid
zuscle 0.2 sec after the end of the injection. This increase in
frequency was meintained for 7 sec. Ome period of diaphragmatic
inspiratory activity was missed and then activity was resumed with extended
duration and a very short panse between bursts of sctivity (Trace &).

20 ml saline, given intravencusly, stisulated no changes in diaphraga

or cricothyroid activity. 20 ml (40 mg) HCN intravencusly stimulated

an increase in diaphragmatic and cricothyroid activity simultaneously

0.4 sec after the end of the injection (Trace S). These two imjections
were cospleted in apjyroximately the same time, and therefore the latent
periocds between start of injection amd effect may be regarded as virtually

equal for ether apd HCN solutiaas.

(448) ‘The cat was decerebrated by intercollicular section under
halothame anzesthesia. Ether vapour admimistered by a trecheal canmmla
stisulated cricothyroid spaem and an interruption in the rhythm of the
diaphraga. 20 mal of 5 per cent ether given imtravencusly stimmlated
apnoea for 10 sec and an imcreasse in cricothyroid activity 3 sec after the
start of the injection (Fig. 50, Trace 1, facimg p.101). 20 ml (40 =sg)
HCN given imtravenously stimmnlated inore=aed diaphreagmatic activity 1l sec
after the start of the injectiom (Fig. SO, Trace 2).

The intersal dbranches of the supericr l=ryngeal nerves were theam cut
on both sides. 20 ml of S per cent ether givem intravencusly stimalated
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Trece 1: Effects of intravenous injection of 20 al 5 pvr cent ether solution after section
of both vegus nervee,

Trece 2 Effects of intravenous inlection of 20 @l 0,2 per cent HICN solution after section
of both vagus ncrves,

Trace 3: Effects of intravenous inl~ction of 20 al 5 per cent ether solution after an
attempt to cut doth sinus nerves,

Trece 4: Effects of intravenous injection of 20 ml N.2 per cent !ICN solution after an
attempt to cut both sinue n:rves,
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apnoea and an increase in cricothyroid activity S sec after the start of
the injection (Fig. SO, Trace 3). 20 ml (40 mg) HCN given intravenously
stimulnted increased activity of the diaphregm 10 sec after the start of
the injection (Fig. S5O, Trace &4).

Both vagus nerves were then cut. 20 ml of S5 per cent ether solution
given intravenously stimulated a burst of diaphragmatic activity 7 sec
after the start of the injection (Fig. 51, Trace 1, facing p.102). 20 ml
(40 mg) HCN, given imtravenously stimulated an increase im the activity
of the diaphrags 9 sec after the start of the injection (Fig. 51, Trace 2).

An attempt was mmde to cut the sinus nerves on both sides. 20 ml
of 5 per ceat ether intravenously stimulated an increase in the activity of
the diaphragm b sec after the start of the injection (Fig. S1, Trace 3).

20 m1 (4O mg) HCN intravenously stisulated a much smaller increase in
diaphragm activity than previously, 11 sec after the start of the injection

(mo 51. Trace h)o

2. Discussion of the Results of Lxperiments on the Intravenous
Injection of Solutions of Ether and Hydrogen Cysnide

Coaroe (1965a) had described chesoreceptors in the lung bed;
Widdicombe (1954b) described them in the trachea. In sose experiments,
ether vapour adainistered to the trachea and lungs had stimulated effects
with latencies longer than those which would be expected if the receptors
were in the lungs. Also, in some experiments, cutting the vagus nerves
had not inhibited the effects of ether inhalation. Im some experisents
ether was showa to stisulate diaphragmatic activity. The receptors
outside the pulsovnary bed may be im the aortic bodies, carotid bodies, or

they may be central receptors. Gabel (1961) deacribed the occurrence of
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laryngospasa in a horse receiving an ether solution intravenoualy.
laryngospaaa ia rarely encountered in the horse, therefore, it was decided
to see if the effect could be produced in this way ia the cat in which
laryagospasa is a cammon basard. Then latencies for effects were compared
with those after similar injections of HCK with the vagua nerves intact
snd cut. This will differentiate an effect at the lungs froa an effect

at the carotid body, and will desmoastrate whether ether has an effect

at the carotid body after vagotomy.

It was found that although ssall wvolumes of 5 per ceat ether solutioa
injected intravencusly scmetimes stimulated cricothyroid spasa and chamges
in respiratory rhyths, up to 20 ml were required to stimulate this type of
activity comsistently. Twenty experiments were carried ocut in which the
effects of solutions injected intravenously were studied. In all 20, a
S per cent ether soclution was injected, im 10 cats this was compared with
the effects of intravenous HCN, amd in 1 preparatioa the effects of
intravenous halothane were recorded.

Cricothyroid spasa and apnoea can be stisulated by the imjectioa of
a 5 per ceat ether solution imtravencusly amd by a similar injection of
S per ceat halothane. The latency after halothzmne injection was
considerably loager tham that followiag ether, and this may be related
to their relative solubility im blood. To discount the possibility that
the activity stimmlated was merely caused by the imtroductiom of 20 ml of
fluid into the circulation, injectioms of 0.9 per cemnt saline were given
intrevencusly. They stisulated neither cricothyrvid activity nor apnoes.

Paiatal’s statement (1963), that if a correlatioa of circulation time
with injection of chesmicals is sought the important times to record are the
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start of the injection and the start of the reaction, was found to be

true in the experiments in this section. Results were less consistent
when this technique of marking was not followed. In the early experiments,
with the vagus nerves intact, however, it was immediately apparent that
there was a difference in the effect of intravenous ether compared with
that obtained when HCN was injected intravenously. Ether atimulated an
increase in cricothyroid activity and apnoea or respiratory rhytham changes,
possibly with some other delayed effects; HCN astimulated an increase in
diaphragmetic activity identical with that described by Lovatt :Zvans (1949Db)
but no cricothyroid activity. In later experimeants slight cricothyroid
activity waa astimulsted as well as increased diaphragmatic activity

(see Fig. 49, facing p.100). Latency was 0.6 sec for ether compared

with 6 sec for HCN, but 5 ml of ether was used compared with 1 al (40 mg)
HCR.

Three experiments imn the intravenous series comtributed more
information than any others. In the first of these ((1) p.97), the results
followed the same pattern of activity seen in the earlier experisents, in
that in every instance except at the first injection, the results of HCN
injection were observed after a significantly loager latent period than the
results of the injection of ether. Either the sase receptors were
stimulated more quickly by ether, or circulation time to the receptors
responding to ether was shorter thea that to those responding to ECN.

This suggested that ether was acting at Comrce's (1965a) "lung-bed receptors"
and HCN at the carotid bodies. It is interesting to note that HCN did
stimulate some increase im cricothyroid activity after 6 sec in this cat
and that there was a gonsiderable increase in cricothyroid activity

after 2 min. This may possibly have been an anoxic effect. After cutting



the vagus nerves, iatravencus injectionm of ether moduced a similar effect
oz the diaphraga to that stimulated by aa imjectiom of HCH, with a
aimilar lateat period. This emggevsted that ether and HCH were now both
stimlating receptors ia the carotid bodies. The simms merves fros the
carotid bodies to the glossopharyngeal merves carry affereat impalses
from receptors in the carotid bodies. An attespt to cut the sinms nerves
in this experiment failed.

Exparismt (11) (p.99) confirwed that, ia the cat with vagus nerves
intact, the latemt period for stimmlatios of diaphreges activity by HCR
given intravencusly wses logger than that for stisulatiomn of apnoea amd
cricothyroid activity by intravencus ether. Iam this cat (a decerebrate
one compared with cae under chloralose amaesthesia ia experimeat (1)) the
pattern of respanse to injection of an ether solution changed after
cutting the intermal branch of the superior laryngeal nerves on both sides.
The lateant period for the effects of ether was nos the same as for those
of HCN. The lung cheaoreceptore mmy have beea desemsitised by previocus
expasure to ether vapour, or ether im the blood reaching the laryax was
unable to provoke the reflex because the receptors had been deassrvated
by cutting the imtermal breach of the saperior laryngeal nerves. The
effects may nos have been the result of carotid body or central aervous
systes stimmlatica. Ia this cat, sfter cutting the vagns merves,
contimuous diaphregmatic activity was stimmlated by ether vapour after
21 sec and lasted for 11 sec. This was probably a ceatral effect.
Intravencus ether sclutioa also stimmlated coatimmous diaphregmtie
activity and sams crigothyruid activity after cutting the vagus nerves.
This contrusted with the results of expurimmat (1). The effects of an

intravenocus injectioma of HCN were unchanged after cuttiamg the vagas nerves.
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In this experiment, it appears froa the results that all fibrea in the
sinus nerves were not cut, as stimulation of the diaphraga by intravenocas
HCN persisted.

In experiment (iii) (a decerebrate cat) the latemt periods for an
effect after intravenous adainistration of HCN were again significantly
loager than those for a 5 per ceat ether solution before the vagus nerves
were cut, but very siailar (9 sec for HCX, 7 sec for ether) after the vagus
nerves had been cut. After an atteapt to cut the zinus nerve fibres a
S per cent ether solution stimulated an increase im diaphraga activity
§ sec after the start of imjection, wvhereas HCK stisulated only a very
slight imcrease ia diaphraga activity 11 sec after the start of injection.
These may both have bees central effects, but the difference in latencies
is difficult to explain.

It may be concluded from the experiments in this chapter that ether
probably stimulates effects at the carotid bodies and possibly centrally also.
These effects are noramlly obscured by the resction to stisulstiom of
receptors at other sites, but they have been observed in some experisents

as biphasic or "aboormal" reactioas.
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VII  GENERAL SUMMARY AND CONCLUSIONS

The work reported in this thesis has been concerned with the
mechanism of laryngospass during anzesthesia in the cat, with some of the
ways in which it may be astimulated, and, most important for the clinician,
with methods of preventing it.

One of the problems was to find a way in which a permanent record
of the occurrence of laryngospass could be obtained. [lectrosyography
was used to obtain records of the action potentials from the imtrimsic
laryngeal muscles. In this way, the sustained activity of the intrinsic
laryngeal muscles occurring during leryngospasam could be recorded. This
sustained activity, causing closure of the aditus laryngie, is laryngospaam.
Most of the recording was done from a needle electrode in the cricothyroid
@uscle because it was easlly accessible, and had been found to be
representative of the adductor group of laryngeal muscles in the cat. An
electromyogram recorded from a second needle electrode in the diaphraga
in most experiments made it possible to deteraine if any changes in the
respiratory cycle were associated with larymgospesm. The technique of
electromyography has great potential as a tool in the investigation of
anaesthetic problems. Its value for investigation of laryngeal reflexes
has been shown in this thesis, as well as in the work of othsr authors
(see p.32, chapter III of this thesis). It is possible that the technique
may prove useful in the investigation of '‘bronchospasa’ during anaesthesia,
and it has already been used as a technique for aamsessing the depth of
anaesthesia and the degree of muscular relaxation (Nanjo, 1953).

The preparations used in this work were cats, either anaesthetized

with chloraslose or decerebrated by intercollicular section during halothane



or halothame/ether anaesthesia. Decerebrute preparstions were used in

128 experiments, as cospared with 24 in which anaesthesia was msintained
with chloralese. Ia neither case was the additiom of any amsesthetic

drug required to aaintain anaesthesia after the experisent had started.

No recordings were taken until cae hour after the administration of halothane
or halothane and ether had stopped. The decerebrste preparations eculd
thas be regarded as having no persisting drug acting dariag the experiment,
vhereas in the anaesthetized cats chloralose persisted ia the preparation
throughout the axperiasnt. The decerebrate preparation has the advantage
that thare is no persisting pharmacological activity during an experisemt,
but the meuraxis is transected and reflexes im which that part of the

brain aanterior to the point of transection is involved may be xzissed. The
forebrain may be imvolved directly, for example im stimulation of the
olfactory receptors, or indirectly there may be sodification of reflexes
lower dowm the neuraxis. It is intended, in future work, to explore
laryngeal reflex activity im cats with an intect brain without the influence
of chloralose.

Laryngospasa sad apuoea or changes in respirstary rhytha were induced
in the course of these experimants by smebanical stimulatioa of the pharynx,
laryax and trachea as well as by the sudden application of high
concentratioas of volatile anxesthetics ia the fors of a vapour or a spray.
It wvas also poseible to stisulate laryagospasa by the intraveacus iajectiom
of solutioms of ether or hslothane. An endotracheal tube of the type
cammanly wsed im climical amsesthesia sas capeble of providiag sufficieat
sechanical stimmlation whea inserted imto the wmprepered pharymx, larymx
or trachea. Mechanical stismlatioa of the nasopberynmx was not attezpted -

this route is rarely used for endotrecheal intubatiom in animal ansestheeia.
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Volatile ansesthetics were applied as a sprey to the pharyax and anterior
larynx, and in vapour for® to the masophurymx, larynx, trachez and lungs.
Larynguspaass wvas stimulated not only by exposure of the intact respiratory
tract to these agents, but sleo whea each part of the tract was exposed
in isolatioa fros the rest. Stimmlation of receptors in systems other
than the respiratory tract is capable of evoking laryngospasm (for exasple
mechanical stisulation of the diaphrags and anterior abdosen, Brewer and
Bryant, 1935). This investigation has been confined to direct effects
oa the respiratory syatea, or to the effects of drugs after they are
absorbed from the respiratory aystea.

Ether was the anaesthetic agent whoee action was studied in sost of
the experiments, but its effects were compared with those of halothane
snd methoxyf{lurane in a sammll number of ¢ats. Ian the early experimeants in
the investigation, the effects of ethyl chloride were also observed. All
these wvolatile anaesthetic agents, when administered in suddem high
concentrations, were cepable of stimulating laryngospasa end apnoea or
changes in respiretory rhythm. The action of methoxyflurame vapour did
not confors to the pattern estadblished for ether and halothanme. Whereas
ether and halothane stisulated larymgospass whether adainistered by assk
or by trachezl cannula, methoxyflurene was oanly effective in stimulatiag
the reflex shen it was adxinistered by mask. The reason for this
difference sas not establisbed, although it is emggested that it may be
due to the fact that methoxyflwane has a low vapowr pressnre and is slso
less soluble than balothame or ethsr. A series of experisents was
carried cut to determine whether there sas a threabold concemtratioa of
ether vapour at which larymgospass was stisulated. The results indicated
that although it may be poasidle to determine a "concenmtratiom threahold"”
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for an individual animal, it was not possible to establish a threshold
applicable to every cat. What sas perhaps zore important was the
confirmation that loag exposure to ether or halothane wvapour decreased or
abolished the ability of successive stimull to evoke laryngospasa. This
say be due to an effect at the receptors thesselves, or to the effect of
an increaszed depth of ansesthesia on the central pathways involved.

The influence of other drugs oam the incideace of laryngrspass is
of considerable importance im clinical amamestheeia. Atropine, particularly,
has been recummended by some authors as a dreg which will preveat
laryngospasa or reduce its imcidence during general anaesthesia (Burstein
and Rovenstime, 1938; Lwmb, 1963a). Ia this study, atropine was not
found to have aay "protective effect' against larymgoepass vhen administered
to cats before they were exposed to ether wvapour.

Thiopeatone sodiua solution, adainistered imtravencusly at a low
dose rate, was not foumd to increase the seasitivity of the larymgewal
reflex. Oa the coatrary, laryngospasa stimmlated by ether at this stage
was less intense than it had been before the thiopentone was administered.
This confirmed the experimeatal observations of Murtagh and Campbell (195k&)
in goats, but geve no support to Rarrison's (1962) conclusion that reflex
respunses to respiratory irritatioan in man were more intense after
thiopeatomse. This may merely be an indication of a species difference
in the effect of thiopentone, tut it seems sore likely that the truth lies
in Dundee’s suggesticn that the suppased sensitiszaticn by barbiturates
in man is merely a failure to depress the reflex (Dumdee, 1965).

Suzamsethoaium, by causing depolarization of the iatrimsic laryggesl
suscles, vas effeetive in preveatiag the stimmlation of laryngospasm. The
order of susele group paralysis ia the cat followed that described dy Ball
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(1966c) as being common to all species, in that the diaphragm remained
active after paralysis of the intrinsic laryngesl cuscles. In the goat,
however, Murtagh and Campbell (1954) reported that the coricothyroid muscle
remained active after the diaphragm when suxamethonium had been
adeinistered. There is a conflict of opinion here which should be
investigated in future work.

In clinical snaesthetic practice, laryngospasm, and other forams of
obatruction of the airway are hasards which may cause hypoxia or anoxia.
Techniques which will reduce or abolish the possibility that laryngospasm
mey be stimulated during genersl anaesthesia are worthy of consideration.

Spraying the pharynx and enterior laryax with a local analgesic
solution reduced the response of the intrinsic laryngeal muscles to
inhalation of ether and by abolishing the effect of mechanical stimulation
of these areas facilitated the insertion of an endotrahceal tuve. It was
shown, however, that stimulation of laryngospasam could still oecur after
such a spray by stimul::tion of receptors in sites which the local analgesic
had not reached. lubrication of an endotracheal tube with a local
snalgesic cream such as amethocaine was capable of lessening or abolishing
the reaction to mechanical stimlation of receptors in the tracheal wall.

The work reported in this thesis forms a sound experimental basis for
a technique of endotracheal intubation in the cat which hias proved
consistently safe: anaesthesia is induced with an ultra=-short-acting
barbiturate intravenously, the pharynx and larynx are sprayed with
20=30 mg lignocaine, and a tube lubricated with an anslgesic cream is
ingerted through the larynx into the trachea, Another method of depressing
the laryngesl reflex so that intubation msy be accomplished, is to induce

a deep plane of anaesthesia before imserting the tube. Thie is effective,
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but often the cat sust be taken to a deeper plane of ansesthesia than is
desired. A third technique of intubatiom in the cat is to use
suxasethonium, a depolarizing susele relaxant, to peralyse the iatrinsic
laryngeal muscles. This gives very good comditiome for intubation, but
the fact that the diaphrage is also paralysed, means that artificial
respiration sast be carried out for 10 to 15 min. Vhen this technique
is used, a local apalgesic spray need not be used. This is of particular
value if the protective laryngeal reflex is required to be active
immediately after surgery, for instance wvhen oro-nasal sargery has been
undertaken.

Clinieal anaesthesia in the cat is often mmintained by inhalation
agents administered by mask. Ia viewv of the high incidence of laryngospasa
in the cat an argument msay be presented for spreying the larymx with a
local analgesic solution even shem intwbation is not coatemplated. This
appears to be a logical suggestion, except in cases shere an active laryngesal
reflex is needed as soom as surgery is completed.

In the present study, evidence has been presented for the existeace
of afferent pathways for the larymgeal reflex im the internal branch of the
superior laryngeal nerves, the trigemimal merves, and the vagus nerves.
Although the recurrent larymgeal nerves appear to be relatively unisportant
as afferent nerves in this reflex, the two experiments in which ether was
passed through an isolated segmeat of trachea suggest that they smy carry
fibres from chemorecwptors ia the tracheal mucosa. It is possible that
afferent stimeld may pess froam the recurrent laryageal merves through the
ramas anastomoticus as suggested by lemere (1932b) as well as up the vagus

nerves (see discussion of the experiments in chapter V, p.91).
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A number of unexpected results was recorded shea the respiratory
tract wvas exposed to volatile amaesthetic agents. The most iamportaat of
these were: a biphasic respamse to stimulation; a delayed response to
stimnlation; and am inerease in imspiratory activity of the diaphrags
rather thanm interruption of rhyths or apnoea. These three results
suggested that volatile agents may act sot only on receptors within the
respiratory tract, but also on receptors at other sites after absorption
to the bloodstream. In chapter VI of this thesis, the results of
injecting solutions of ether and halothame imtravenoualy are reported.
laryngospasa could be stimulated in this way and it was accampamied by
stimulationa of diaphragmatic activity as well as apnoea and interruptioms
of the norsal respiratory rhytha. The effects of intravenous ether were
compared with those of a solutioa of HCN given intravemously. After
cutting the vagus nerves, both solutioas stimulated increased diaphragm:tic
activity and the latent periods from the time of injection to effect were
similer, suggesting that both solutionzs were stimulating receptors in the
carotid bodies in the classical mmmner deseribed by Lovatt Zvans (19490).
If this were the case, the effest should be abolished by cutting the sinus
nerves on both sides. It proved technically difficult to cut all the
fibres of the sinms merves, but in one preparatiom the reaction to
injection of HCN was dramatically reduced (eee expearimmat (1ii) p.101).
There is comaiderable support, froa this work, for the contention that
"abnoraal™ and biphasic respomses are due to stimulation of receptors in
the carotid dodies.

Coaclusioas

1. Laryngospesm and changes in respiratory rhytha or apnoea are stisulated

when the respiratory trect is expased to suddem high conceatratiocas of
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volatile ansesthetic agents.

2e The sites of stimmlation of laryngrspaaa are not only the

nasopharynx and laryax, but also the trechea and lungs.

3. The most isportant afferent pathways in the reflex are the superior

laryageal nerves, the trigeainal merves, and the vagus nervea.

L, A knowledge of the mechanisas involved in the stimmlatioa of
laryngospasa is of clinical importance and has led to improvements in
technique or provided a logical basis for estsbliashed techniquea of

coatrolling this bhasard during ansesthesia.

S. The experimental asthods developed in this work may prove of great
value in the coantinued investigatiomn of respiratory problems during

anaesthesia.
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