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ABSTRACT

The anatomical disposition of the branches from the vagus nerves
to the entire canine esophazus were investigated and the eflects of
various nerve transections oir esophageal function were owvserved

radiographically.

fwenty onc adult mongrel doss were carefully dissected;
fourtecn were dissccted as fresh specinens and seven were fcmialin
enbalmed and dissccted iater. “en of these dogs lhiad previousl)
undergoic various surgical ncrve traanscctions: bilateral
pharyngocsophagecal neurcctony, bilatcral cranial thoracic vagotomy,
transection of recurrent laryngeal ncrves at their origins, double
bilateral cranial thoracic vagotony, and caudal tlioracic vasotomics.
The sur:ical approaches for transcctinn of these esoplicgeal erves

have been investigated =zad the vavious techniques are desicribed.

Esophageal function beforc and after nexve transection was
studied radiographically, cspeciully by cincradiography; all
radiographs were madc on conscious dogs, trained to gtand ia a
norwal position freoly eaving bariws iupregnated meal from a bowl
placed immediately in froat of their forepaws. rRadiographic
cbscrvations o esophagcal motility were made on fiftcen additional

apperently normal dogs.

Contrary to standaid texts, it was found in the present study
that each parent recurrent laryngeal nerve was always divided into
two trunizs: the rccurrent laryngeal nerve proper wiich coursed
directly to and temirated in the ipsilateral intriansic laryngeal
muscles (excluding cricothyroideus), and a more dorsally lying

pararecurrent laryngeal nerve which coursed parallel to the



recurrent proper but freely supplied many branches to the esopiegus
and trachea. These esophagecal branches werce especially numercus on
the left side, as the left pararecurrent nerve richly supplied the
cranizl thoracic esophagus as well as the cervical portion.
However, the rigiht pararecurrent ncxve supplied the cervical
sophagus only. bach pararccurrent ncive thon terwinsted in the

anastomotic ramus from the internal branch of the ipsilateral

cranisl laryngeal ncrve.

Tron the experiuaental studies it was coacluded that thc
recurrent laryngeal ncrves werce functivnally iavolved with the
cranicl thoracic csopnamis, since this region was couwpletely
paralysced followving nilateral recurrent laryngecl ncurcctomy.

souie dysfunction was also scen in the cervical csophagus after

this operation,

The cervicel ecorhegus vas primarily inncrvated and functionally
cointrolled by the pair of pharyngocsophageal nerves which arosc

solely from the pharyngeal branch of each vagus acive.

1

Czudal to the origins of the rccurrent nerves, the thoracic
and abdoninal va,i supplied and controlled the caudal thoracic and

abdominal portions of the esophagus.

The vagus nerves innervate and are involved in the nortal
function of the gastroesophaseal junction, since bilateral cranial
thoracic vagotomy counsiderably altered the activity of thils region.

However, double caudal thoracic vagotomy appeared only slightly to

affect the function of the gastroesophageal junction.



In addition, the coursc and the histological structure of the

canine esophagus has been observed and described.

During this study, radiographic observations vere repcatedl:y
nade, on apparently normal dozg, that put in guestion the validiiy
of the currcatly held concepts of esopihageal piysiclozy. LYropulsive

3

esophagcal coutroetion waves did zot necensorily directly follou

s

cach oropharyazeal deglutition sejuence. Huallowcd boluses were
frequently delayed in the cranial cervical, thoracic inlet, and
cranial thoracic regions of the csophagus. Tueaty tvo of the

y five apparcatly normal dogs examined, exhibited significant
reflux of material from the stowach inte the caudel thoracic
csophague. iliorc detailed adicgraphic studies of the normel
caninc csophagus under truly physiological cenditions aic

required.
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INTRODUCTION




In 1838 Reid demonstrated that the vagus nerves were involved
in canine esophageal function. It was not until 1892 however, that
leltzer's study pioneered critical investigations into the

physiology of this organ in the dog.

in extensive and accurate anatomical descripticn of the
esophageal innervation in the dug was provided by Chauvesu in
1391, The basis of Chauveau's uworlc was that the cervical portion
of the esophagus was supplied by the esophageal branch from the
paired pharyngeal nerves, a large unnanmed branch descending fron
the paired craniel laryngeal nerves, and the paired recurrent
laryngeal nerves. The cranial portion of the thoracic esophagus
was supplied by the wrozimel parts of *the recurrent laryngeal
nerves and the thoracic vagi. The remaining thoracic and abdeminal
portions were supp'ied by the thoracic and abdominal vagi

respectively.

Another major contributicn tc cur knowledge on canine
esophageal innervation was presented by Lemere (1932a, 1932b, 1933)
who described the fibre type and distribution of the nerves to the

cervical and cranial thoracic portions of the canine esophagus. He

also gave the name, pararecurrent, to the second recurrent laryngeal

nerve which had been recorded previously by Chauveau.

In more recent times Hwang and his coworkers (Hwang, 195%;
Hwang, 1954; Hwang et al., 1947; Hwang et al., 1949) carried out
many detailed experiments on canine esophageal motility and have
greatly contributed to our kmowledge in this field. 1In 1948 they

described the motor supply to the cervical esophagus through the



pharyngoesophageal nerve, a nerve that had been described by

Chauveau and others under different names.

Adequate knowledge of the actual anatomical structure of the
canine esophagus has only become available in recent years since
Mann and Shorter (1964) described the microscopical anatomy and
Miller et al. (1964) recorded the gross and macrcscopic details of
the esophagus. A short account on the structure of the canine

esophagus has been included as Appendix II.

However, despite the recent increase in our knowledge of this
structure, many of the results of the previous experimental studies
have been equivocal, probably because mcst workers confined their
attention to only one area of the esophagus. In an attempt to
overcome this confusion a study of the vagal innervation of the
entire canine esophagus was undertaken and the results are presented

here,

In this thesis there are many references to the course of the
canine esophagus using anatomical terms which need to be clearly
defined. For this reason Appendix I which describes the course
and defines the regions of the canine esophagus is inciuded. With
this information the relationships between the esophagus and
adjacent structures become more clearly understood, and thus

enable an accurate interpretation of radiological records.

The nomenclature used throughout follows the recommendations

of Nomina Anatomica Veterinaria 1968. Nevertheless, some minor

modifications have been necessary to accommodate two unlisted

but significant nerve branches.
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Egperimeﬁtal Method:

This study was designed to investigate the anatomical
disposition of the branches from the vagus nerves to the entire
canine esophagus and to observe the eftfects of nerve transection

on esophageal function

Initially, careful dissections were made of a number of
cadavers to study the nerve supply to the esophagus and, when this
was established, functional studies were initiated. These comprised
transections of various nerves which appeared to innervate
significant portions of the esophagus, and radiographic observations
of the consequent effects. When thesc studies were completed, the

dogs werc destroyed and their esophageal nerves examined.

Experimental Animals:

Thirty seven (37) dogs were used for the study.

The animals were cross-breds, of both sexes, in good health,

and between one and six years old,

Eleven adult dogs (7 males and 4 females) were examined in the
preliminary dissections: four (3 males and 1 female) had been

embalmed and seven (4 males and 3 females) were fresh specimens.

Eleven other adult dogs (9 males and 2 females) were used in
the nerve transection experiments. An initial experiment to
investigate the various surgical approaches was undertaken on one
male dog. The remaining ten animals were arranged in five

experimental groups of two dogs each: Group I, two males;



Group II, two males; Group III, two females; Group IV, two males;
Group V, two males. %hen the functional studies were completed
these ten dogs were also dissected; three (2 males and 1 female)
had been embalmed and seven (6 males and 1 female) were fresh

specimens

Of the above twenty two dogs twenty one (7 embalmed and 14

fresh specimens) were dissected.

Observations on esophageal motility were made on fifteen (15)

additional dogs.

Dissection Techniques:

The dogs were cither dissected immediately they became
available or were embalmed and cxamined later. In each case, a
careful and thorough examination was made of all the nerves and

their branches which were seen to supply the esophagus.

Particular attention was paid to the vagus nerves and their
ramifications throughout the entire length of the esophagus - from
their emergence from each occipitotympanic fissure in the base of

the cranium, to their divisions on the surface of the stomech.

At the commencement of every dissection the caudal half of each

cadaver was discarded after dividing the vertebral column at the
third lumbar intervertebral disc, and removing the abdominal
viscera distal to the pylorus. The second to thirteenth ribs and
the lungs were then cut out and the nerves to the thoracic and

abdominal esophagus examined, first from the right and then from



the left side. The ventral neck muscles were next removed so that
the nerves supplying the cervical esophagus could be studied. Fine
dissections were made of the orizin and distribution of the recurrent
laryngeal and pharyngoesonhageal nerves. The esophagus, stomach.
trachea and diaphragm remained intact for most of the dissecticn.

and the first pair of ribs were left in situ as fixed points of

reference.

Small nerve branches were examined under a Teitz binocular
dissecting microscopc, using evepieces and objectives with a
combined total magnification of %.5X. Numerous photographs wcre

taken and sketches made at various stages throughout the dissection.

Embalming and Specimen Preparation:

The seven embalmed specimens were prepared in the following
manner: the dogs were anacsthetised with intravenous pentobarbitone
sodium and then exsanguinated using thc common carotid or the
femoral artery. Each cadaver was then infused through this same
vessel with an aqueous solution containing 6.4% formaldehyde and
4,0% phrenol and after embalming was stored in a cool room at four

degrees Celsius for three to ten weeks until dissected.

However these embalmed cadavers were stiff and dried out
rapidly. They had an unpleasant odour and the high formaldehyde
level was irritating to the dissector. Tissues and organs showed

poor colour contrast and were unrealistic in appearance.

It was often difficult to distinguish between the fibrous

connective tissue and the small nerves, particularly when connective




tissue and fascia remained firmly adherent to adjacent structures.

Local applications of ethyl alcohol whitened the nerves and at the

same time brought about their rapid dehydration. This problem was

in part overcome by the use of a weak solution of acetic acid which
softened and partially dissolved the connective tissue. But the

application of these agents was of limited use in embalmed materi=zl.

Tourtecen dogs were dissected as fresh smnecimens tthen these
dogs became available they were anaesthetised with intravenous
pentobarbitone sodium and exsanguinated through the femoral artery.

Each dissection was completed within forty eight hours

BEthyl alcohol was applicd to some of the smaller nerves and
branches to whiten and help distinguish them from the fibrous
connective tissue., During the dissection some arcas were covered
with a weak acctic acid solution to soften and dissolve connective
tissue around the nerves. In contrast to its limited usefulness in
embalmed cadavers, this treatment of fresh specimens with cethyl
alcohol and acetic acid was of considernble benefit in that cach of
these solutions made for easier and clcarer dissections and more

accurate identification of necrves.

After gross dissections, the head and neck of six fresh
specimens were prepared by a method which was modified from that
described by McCrea (1924) Fach head and neck was totally immersed
for twenty four to forty eight hours in an agueous solution of:

1.,0% picric acid, 1.0% acetic acid, 0.4% formaldehyde, and 5.0%
glycerol. Specimens prepared in this way were soft and pliable,

the connective tissue could be cleanly and easily dissected through




while the nerves remained as prominent white strands in their
gelatinous sheaths. With longer soaking the nerve fibres stained a
bright yellow colour. This procecas was of particuler use in helping
to distinguish between nerve fibres and fibrous conncctive tissue
found in the vicinity of the distal vagal :nd the craninl cervical

sympathetic gangliea.

Using this technique it was possible to make a dctailed
exanination of the origin of the pharyngoesophageal nerves and, if
wrapned in towels moistened with formaldehvde and glvcerol, then
pitaced inside a closed nlastic bag the svecimens could be kept in
the cool room for a number of days and siill retain their superior
appearance over the routinely embalmed cadavers. This treatment

was found to be effective on fresh material only.

Experimentael Groups:

From the pattern of nerve distribution obscrved in the initial
dissecctions five separate nerve transection experiments were
designed. The reference nuwnbers of the dogs in ench group are

given below in parentheses.

Group I : Bilateral pharyngoesophageal neurectomy

Each neurectomy was at the level of the pharyngoesophageal junction
so that the nerve branches to the cricopharyngeus muscles were left

intact. (03, 05).

Group II : Bilateral cranial thoracic vagotomy

Vagotomies were performed immediately caudal to each middle cervical

ganglion, and the arm of each ansa subclavia remained intact. (06, 10).



Group IIT : Recurrent laryngeal neurectomies

The right recurrent laryngeal nerve was transected, and this was
followed seven days later by left recurrent laryngeal neurectomy.
Both nerves were transected at their origin from the respective

vagus nerve. (14, 15).

Group IV : Double bilateral cranial thoracic vagotomy

Two bilateral vagotomies were performed on each dog. The vagi were
initially transected immediately distal to the origin of their
respective recurrent laryngeal nerves. J3even days later each vagus
nerve was again transected, this time immediately proximal to the

origin of its respective recurrent laryngeal nerve. (12, 13).

Group V : Caudal thoracic vagotomies

Caudal thoracic vagotomies were performed on two dogs. In one dog
both dorsal and ventral vagal trunlts were transected in the one
operation (02). 1In the other dog, the operations couprised a
dorsal trunk neurectomy followed seven days later by a ventral

trunk transection (04).

Surgical Technigues:

Preparation. A bilateral laryngeal ventriculocordectomy was
performed on each dog before commencing the functional studies
experiment. This was accomplished under thiopentone sodium
anaesthesia by using a large Hartmann's nasal conchotome in an oral

approach to amputate the vocal folds (Archibald, 1965; Marlow, 1971).




Since no details were available from the literature, it was
necessary to investigate various surgical approaches to the nerves
that werc to be transected, and to develop satisfactory techniques.
(These are described in Appendix III). The techniques were developed
after a preliminary experiment involving exploratory surgery on one

dog not included in the experimental groups.

Anaesthesia. All dogs were fasted for twenty four hours prior to
surgery. Preanaesthetic medication was intramuscular atropine
sulphate (0.6 mg) and acepromazine maleate (0.15 mg/kg).
Anaesthesia was induced by intravenous thiopentone scdium, followed
immediately by intravenous administration of gallamine triethiodide
(1.0 mg/kg) to. produce adequate nuscle relaxation. In two dogs
diallyl-bis~nor—-toxiferine dichloride (0.05 mg/kg) was used

intravenously as an alternative to gallamine triethiodide.

Anaesthesia was maintained with a 50/50 mixture of nitrous
oxide and oxygen gases supplemented with halothane vapour (0.5 to

1.0%). In four cases, methoxyflurane replaced nalothane.

A circle .araesthetic machine was used to deliver a fresh gas
flow of between two and three litres per minute, and ventilation

was controlled by a positive pressure cycled respirator.

At the completion of surgery, any residual non-depolarising
muscle block was reversed by the intravenous administration of
neostigmine methylsulphate in 0.25 mg aliquots. In each case
atropine sulphate (0.6 mg) was given intravenously immediately

before the initial injecticn of neostigmine methylsulphate.



Fluid therapy and postoperative medication. Fluid balance during

surgery was maintained by intravenous administration of a warmed

solution of dextrose saline.

Postoperative pain in the first twenty four hours was controlled

by intramuscular pethidine hydrochloride.

Since most dogs exhibited profuse salivation during the
immediate postoperative recovery period, up to 7 mg of atropine
sulphate was administered intramuscularly within the first twelve

hours.

A1l dogs were injected with a prophylactic intramuscular

antibiotic on each of the first three postoperative days.

Radiographic Techniques:

Radiography was chosen as the technique to detect any
experimentally produced postopera*ive changes in esophageal
motility. The equipment used was 2 th-ee phase fully rectified
Blema-Schonander Triplex Optimatic 1023 unit with autowmatic dose
control, and incorporated a 25 cm diameter image intensifying tube
with the fluoroscopic image displayed on a closed circuit
television screen. The eguipment layout is shown in Figure 1.
Plate film, videotape, and cinematographic film (exposed at twelve
frames per second) were all used to provide a radiological record
of the experiment. Panchromatic 35 mm negative safety film
(Kodak-Eastman 4X, type 5224, and Kodak RAR, type 2498) was used

for the cineradiological record.



A1l radiographic observations were on conscious dogs in a
normal standing position. Before being admitfed to the experiment,
the dogs were trained to stand quietly and feed in a normal
standing position on the X-rav table A bowl of barium impregnated
food was placed just in front of their foremnaws. Radiographs were
then taken, some with the head dowm feeding others with the head
up in the normal alert position. A few dogs were also radiographed
whilst standing on their hindpaws only, after their bodies were

elevated to a near vertical position.

Restraint was always minimal and pharmacological agents were
never administered. A leather leash with a loose chokecr collar
was all that was necessary, although in the latter part of the
experiment a perspex holding crush was designed and put into use
(Fig. 1). The leash with collar was not used when the holding

crush was in use.

On each day that records were taken, the dogs were initially
screened and then observed and recorded as they ate at will from
their food bowls. The impregnated food was made up by mixing a
stable dispersisn of bariur sulphate (95% w/v) with the normal
kennel diet until the meal attained the consistency of thick

porridge.

Regions of esophageal dysfunction were defined by closely
observing interference with the passage of food. Identified

vertebrae were used as reference levels whenever possible.

Bach dog was radiographed before surgery, as soon as possible

after each neurectomy, and then usually twice more during the

1.



following two weeks. One dog was also examined forty five days
after surgery. The exact days on which radiographic examination

were made on cach dog are tabuleted in Appendixz IV.

The dogs were given no 30lid foot for twenty four hours before
¢ Fed the i egnated mea r for fourty vight hours wae 7
being fed the impregnated meal, or for fo 37 g hour ien the

were being eaxamincd on the first day after surgery.

Photographic Techniques:

All the photoradiographs have been so printed that in cach
case the cranial end of the esophagus lics towards the right side

of the photograph

The photographs of ra“iographic plates have hecn reproduced in
their original ncgetive form viz. the plates verc photographed cn
I1ford Pan ¥ negetive 35 mm panchromatic sat'et £ila and then

printed on rositive photographic printiiig paper.

Although the cineradiographic 35 mm film =2.so recorded a
necgative image, photographs of frames from the cine-film have been
rceroduced in their positive form. This waz achieved by placing
the sclected frames in a photographic enlarger and printing on to
pos:tive photographic printing papcr. Attempts to reproduce frames
froa the cineradiographs in their original negative form by
photographirg a projected image with negative filn and printing on
positive printing paper, resulted in the loss of considerable

detail and hence positive reproductions have bcen used.
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All photographic prints were processed on glossy, single weight
Ilfobrom IB3 1P or IB4. 1P photographic printing paver (I1ford

Australia Prop. Ltd.. Melbnurne).

Nutrition:

The dogs were fed once a day with commercial pet fonds. After
surgery, each dog weas carefully observed for dysphsgia and
regurgitation, and those with difficultics in eating were given
dog meal mixed to & thin consistency with 2 large quantity of milk.
Some others were fed on a liguid diet of milk, glucose, and
commercial cecrecl food. Clean fresh woter was provided at all
times. Each dog was lkept when possible at o relatively constant
body weight by daily weight recording with compensating diet

changes.

Post ifortan Technique:

During the post mortem ezamination of all the neurectomised
dogs the site of each nerve transection was carefully dissected
te verify the site and completeness of the operation. This was in
addition to the routine nerve dissection. Histological samples
were taken from each nerve distal to the site of transection to

examine for postoperative degeneration

The esophagus was also examined for any gross postoperative

changes.



14,

Histological Technicues:

At the time of each nerve transection a short portion was removed
for histological processing as 2 normal control. During the post
mortem examination of each experimental dog a similar sample (0.5 to

1.0 cm) vas taken distal tc tlie point of transection

A1l nerve specinens were fixed in 107 formol sa’ ine, embedded
in paraffin wax and secticned transversely Prom each of the

resulting twenty specimens three sections were treated as follows:

(a) One was sectioned at ten micrometers in thickness and
stained by illarchi's method for degenerating nerve as modified by
Disbrey and Rzaclk (1970). Hdowever, no information was available as
the results were unsatiszfactory, possibly due to adverse fuctors
which Disbrey and Rack {(1370) noted with the Marchi method viz:

i) formol saline fixzation prolonged beyond seventy two hours,

ii) paraffin block processing before dichromate and osmiun
tetroxide treatments,

iii) loss of stainable fatty scids from the nerve tissue when
Marchi's reaction is applied to individual sections,

iv) inadequate interva®! between transection and fixation. !ost
workers have obtained good res»”ts on degenerating nerve
removed ten to sixty days after transection but the
interval in the present experiment was, in all but two

cases, not more than eighteen days.

(b) and (c) Both sections were cut at a thickness of five
micrometers and stained with haematoxylin and eosain, and van Gieson's

technigues respectively (Culling, 1963). Details of these procedures



are given in Appendix V.

The van Gieson counterstain provided both a sharper colour
differentiation of tissues in the nerve trunks and a better

contrast for photomicrography than the haematoxylin and eosin.

The sections were examined and photographed under a Leitz
Ortholux binocular light microscope with a Teitz Orthomat photo-
3 D
graphic unit using 10X eve nieces and 4X 10X, 25X, 40X, and 100X

(0il immersion) objectives

15.
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Anatomical Observations:

From dissections on twenty one dogs it was found that the nerves
to the canine esophagus may be conveniently divided into three groups
for descriptive purposes:

i) the right and left pharyngoesophageal nerves,

ol the right and left recurrent laryngeal nerves, and
iii) the right and left vagus nerves distal to the origin
of the recurrent laryngeal nerves continuing as the dorsal and

ventral vagal nerve trunks.

Pharynsoesophageal nerves

In every dog, both right and left pharyngoesophageal nerves
followed a siwmilar basic pattern of origin and distribution

(Figs. 2 and 3).

The pharyngoesophageal nerve always took its origin from the
pharyngeal ramus of the vagus nerve (Figs. 4 and 5). 1In each case,
the large pharymngeal ramus of the vagus arose from the cranial pole of
the distal vagal ganglion on its ventromedial aspect, or from the
interganglionic vagus at a point immediately cranial to the distal

ganglion,

In nineteen dogs a conspicuous connection was found hetween the
proximal part of the pharyngeal ramus of the vagus and the more
cranially situated glossopharyngeal nerve. This was in the form of
either a single layge communication or two or three smaller
communicating-branéhes. However, in one of the remaining dogs the

communication was lacking on the left side, while in the other dog
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no vagoglossopharyngeal communication was visible on either side.

In these latter two cases the glossopharyngeal nerve was represented

by its large lingual ramus and the carotid sinus nerve.

The pharyngeal ramus of the vagus was short and always terminated
by dividing into between four and six main branches. The most cranial
branch was the largest single branch and continued rostrally, distal
to the vagoglossopharyngeal comuxunication as the so called "pharyngeal
ramus of the glossopharyngeal nerve." Continuing caudally, the
middle group of these terminal branches divided into lesser branches

which in turn ramified in the hyopharyngeus muscle.

The most caudal branch of the pharyngeal ramus of the vagus
was the root of the pharyngoesophazeal nerve. In fourteen dogs the
pharyngoesophageal nerve on both sides originated proximal to the
level of vagoglossopharyngeal connection (Fig. 4). On the other hand,
in one dog this nerve was found to originate on both sides distal to
the intermerve connection, while in four dogs the site of nerve
origin on one side was proximal and on the other side was distal to

the vagoglossopharyngeal connection.

In none of the twenty one dogs dissected, was there any direct
contribution from the glossopharyngeal nerve to the pharyngoesophageal

nerve,

From its single origin, the pharyngoesophageal nerve passed
caudally and ventromedially to reach the dorsolateral aspect of the
pharynx. In this course the nerve passed over the ventral surface
of the cranial cervical sympathetic ganglion from which it always

received a contribution.
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In thirteen of the specimens dissected, the pharyngoesophageal
nerve lay as a distinct aerve free from the cranial cervical ganglion
but was connected to it by a short nerve trunk (Fig. 4). In the
remaining eight specimens however, it appeared to arise eantirely from
a large nerve root that originated from the ventromedial surfacec of the
cranial cervical ganglion near its caudal pole. The grcater pirt of
this nerve root was distributed to the region of the carotid
bifurcation. It was only subsequent to the treatment of six fresh
specimens by a modified McCrea ( 524 ) technique and careful dissection
that the cxact nature of the nerve was clearly demonstrated. In cevery
case the pharyngoesophageal nerve was seen to arise from fibres in
the interganglionic vagus, then pass through thc base of the
vharyngeal ramus of the vagus, across the ventral surfaces of the
distal vagal and the cranial cervical ganglia, and finally emerge
from the sympathetic nexve root as the definitive nerve (Fig. 5).

This group of vagal nerve fibres was firmly and closely bound to tne
adjacent surfaces of the ganglia by strong fibrous tissue, but could
be seen as a fine yellow thread lying in the imirediate periganglionic

connective tissue.

After receiving a fibre contribution from the cranial cervical
sympathetic ganglion, the pharyngoesophageal nerve emerged from the
sympathetic root or passed medially to it, and continued caudally
over the lateral surface of the pharyngeal musculature. rfor the
initial part of this course it was related medially to the ascending
pharyngeal artery. However, in four dogs on the right side and onc
dog on the left side, the pharyngoesophageal nerve divided so that

one branch passed on either side of the artery and then rejoined.
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The pharyngoesophageal nerve did not supply any branches to the
hyopharyngeus wuscles. In one dog, on the right side only, thc
definitive pharyngoesophageal nerve received a small termninal twig
frou the most caudal of the branches of the vagus nerve vhich

supplied the hyopharyngcus muscle.

Caudal to the ascending pharyngeal artery, the pharyngoesophageal
nerve lay firmly applied to the lateral aspect of thyropharyngeus anc,
more caudally cricopharyngeus, to both of which it supplicd nwueerous

fine nexvec branches.

In all but two dogs, and then on one side only, a comsunicating
nerve branch was seen to pass frow the pharyngoesophageal nerve to
the external braunch of the cranial laryngeal nexrve. w«hen prezcat,
this connection was made about midway along the course of the
external branch (Fig. 7). In threc cases, two coumunicatiag branrcies
were found but only on the one side. I two of the doges, these
connections were from both the parcnt cranial laryngeal nerve and
its external branches while in the other dog both communiceting
branches arose frow the proxiwal portion of the cranial laryngezxl

nerve,

As the pharyngoesophageal nerve passed over tie cricopharyngeus
muscle it usually remained as a single trunk. However, in five dogs
the nerve divided into two main branches, axnd in one other dog no
nerve tunks were seen, in their place being a mass of fine nervcs

arranged in a broad band.

At the pharyngocsophageal junction, a fine nerve filauzent icft
the most ventral division of the pharymgoesophageal nerve to enter
the recurrent laryngeal nerve. This branch was present in fifteen

dogs.
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The thyroid gland and region was supplied by a branch fron either
the pharyngoesophazeal ncrve or, equally as frequent, the exlernal

branch of the cranial laryngeal nerve.

The pharyngocsophageal nerve was then distributed to the
cervical csophagus Ly the one or two .wain trunxs and smaller
branches (Fig. 3). The esophageal part of cach nerve arose near the
tracheoesophageal groove at the level of tue pharyngocsophageal
border, and then branched over tiie veatral and laeteral aspects of
the esophageal musculature in a straight and altiost regularly
dichotorous manner. These ncrve branches were very closely enplied
to the csophageal nmuscle fibres, and raopidly penetrated into the
deeper layers. Fine branches could be traced to about the level of
the fifth cervical vertebra in the caudal third of the cervicel

esophazus.

hecurrcnt larvngeal lerves

Since the origin and distribution of the two recurrent laryngeal
nerves differ, it is necessiry to describe each nerve separately.
However, both nerves had a similar basic patiern (Fig. 2). Both
originated from their respective vagus nerves in the cranial half
of the thorax and then curled dorsally around the caudal surface of
a large adjacent artery - on the right side, the subclavian artery,
and on the left side, the arch of the aorta and the ligamentum
arteriosum. From this point they both passed cranially on the
trachea to penetrate the larynx. ror most of their course, each
recurrent laryngeal nerve was paralleled by a similar but slightly
smaller nerve lying more dorsally - the pararecurrent laryngeal

nerve,



Right recurreat laryngeal nerve

The right recurrent laryngcal nerve was forued from the right

vagus ncrve opposite, or just cranial to, the first rib in the cranial

extension of tiie cranial thoracic mediastinum. The point of origin
was on the medial aspect of the vagus and was always imcedictely

caudal to the right middle cervical sympathetic ganglion but cranial

to the point of cowmunication hetween the right ansa subclavia and the

right vagus nerve. ¥Frowm this origin, the right rccurreant laryngeal
nerve left the vagus and curled around the caudal and dorsal suriaces
of the right subclavian artery, to lic on the trachca. One or two

cardiac nerves were detached from the rccurrent nerve at this point.

Imnediately aiter its origin, tue right recurrent laryngeel unerve

alvays Jdivided into two wmain trunks: ventrally, the rccurrcat
laerynzeal nerve proper and dorsally, a slightly sucller trunic - the
pararccurrent laryngeal nerve (Fig. 6). The distinct division iuto
two nerves at this level vras clearly evident in oaiy twelve dogs.

In the remaining nine degs, the division was not apparent uatil the
nerve had passed a short distance cranial to the ftaoracic inlecet.
Houever, after thesc spceciuicns had been treated with acetic wcid,
tiie comnon trunk was readily scparated into the two divisioans as far

back as their vagal origins. Iistological cxamination revealed two

scparatc nerve trunks within a common fibrous sheath (Fig. 44).

Ag it passed cranially from the subclavian arter;, the right
recurrent laryngcal nerve lay on the trachea near the midventiral
line, and then gradually passed dorsocranially over the right

lateral face of the cervical trachea. Although this nerve gave off

a few small twvigs to the trachea it passed without interruption to

21,



penetrate the larynx at thc dorsolateral border of the first tracheal
ring. Here the nerve became the right caudal laryngeal acrve and
terminated in the internal intringic laryngeal ruscles of the right

gide

Throughout its course in the neck, the right rccurrcat laiyngceal
nerve lay on the trachezl surface at o level veitroucedial to the
vagosympathetic trunk and thie cominon carotid arier, The right
perarceurrent laryngeal anerve ran dorsal to, snd pDaialici with, the
rigst recurrent laryngecl ncrve proper, and had varizlule anastoicscs
with it along its coursc over the right latcral aspect of the
trachea. Degpite these anastomosces, the pararccurrent nerve wvas

alvays clearly distinguish:nble from the recurrcit nerve propew

1 ral 1 T

£z cach of these right rocurvent laryageal rowves
to thel rightfuiddle cexvical gEnglion, it ecclved oneé ox wio small

annl comreunicantes froo this ganzlicn.

In nine dogs, 2 third recurrent branch waz prescent ou w0l
rigrt side. This short ncrve toolr iis origin fron the region off
conancetion between the right vegus nerve and the ansa subel wvia,
eixd then passed dorsal to the syupatihctic trumi: fto join withy tliwe
right pararecurrcit laryngeal nerve a short distance cranial to the
niddie cervical geanglion. In one specinmen however, this nerve arese
from the root of the right recurrent larymgeal ncrve. Thesc nerves
furnished many fine branches to the trachea in the cronial thoracic

and thoracic inlet regions on the right side.

The right pararcecurrent laryngeal nerve gave off wmany large
& 8 J G

and small branches along its course, somc of which terminated in
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the trachea while others passed dorsally over the tracheal surface

to penetratc the cervical esovhagus (Fig. 6). 'fhe latter were cither
small direct nerves, or larger branching and anastoirosing nerves.
Since most of the ccrvical esopliaius was displeced to the left,

thicse fibres passed completely over the dorsal aspect of the trachen

to recach their end orgen.

&t the level of the seveath tricheal ring the right pararccurrcnt
nerve joined tie right recurrentv ncrve, to foim a singlc nerve trunis,
thig poiat being narked by the fanning out of iwweny braunches to the
trachca and csophagus (Fig. 6). This single nerve truni then
continued cranially and penetratced the caudal leryn:: bencatn tihie
cricoid cartilege. Nevertheless, carceful disscction after acetic
acid treatuent clcarly demonstrated two separate ncrves within a
coumon shcath, or two uerves lying iu close apposition. Histological

~

examination confimred this arrangewvent (Figa. 1C and 11),

Just as the right pararccurrent laryngceal ncrve penctrated the
larynx it reccived a fine anastomotic branchi from the right

pharyngocsonhageal nerve., This ancstomosis wags present in fiftcen

Within the lurynx thce two recurreant laryngeal ncrves scparatced.
The right recurrcnt laryngeal ncrve became the right caudal laryngesl
nerve aind was distributed unilaterally to all the internel intrinsic
laryngeal muscles. After its separation from thic caudal laryngeal
nerve, the right pararccurrent laryngeal nerve continued cranially
to anastowose with the ramus from the internal branch of the right
cranial laryngeal nerve (Fig. 6). This anastomotic ramus lay between
the laryngcal mucosa and the medial surfacc of the lamina of the

thyroid cartilage.
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Left recurrcnt laryngeal nerve

The left recurrent laryngeal nerve arose from the left vagus
nerve near the arch of the aorta (Fig. 7). Dive different patteris
of origin wecre found. The most common veriant, which was prescent in
cleven dogs, was a singlc root crising frowm thoe dowvsomedicl aspect
of the vagus as it lay on the ventrolateral surfoce of the descciwding
aorta (Figs.7 and 8). This point was immcdiately caudal to tiic
origin of the left subclavian artery. In six other dogs, & nuwiber
of smaller roots left the vagus at this lovel; there were two rcots
in feour spccimens and thrce rooty of origin in one othor specinica
(Fig. 9). 1Ia the reiraining four dogs, the left rccurrent lexryigyeal
nerve arose frow the cardice nerve branches lying wedizl to the left
varus; in three specisiiens, a singlce roet arcse frow both the vasus
and the main cardiac ncrve, whercas in one Gog the recurrent neinve
appecared to arisc sololy from the largest medially lying caraiac
nerve bronch. Jeveral conacections were always nrescent between these

cardiac nerves and the vegus.

The roots of the left recurrcent larynszcal nerve ran frowm their
points of origin caudonedially, crosscd the venteal surfoce of ti:e
aorta and tlien curled cranially, around the caudal and dorsal aspects
of the ligamentuwa arteriosum. When more then one nerve root ics
prescent, as in nine dogs, these roots merged into o gingle trunk as
they curled around the liganentum arteriosun. A short distance
cranial to this union ti.c left recurrcat laryngscal nerve and tae

left pararccurreat laryngecal nerve werce fored (E;ws. 7, 8, aad 7).

L

The larger left rccurrent larymgeal ncrve proper lay on thc
ventrael surface of trachea in the midline, but gradually passed to

the left as it coursed cranially, By the tiame it reached the
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thoracic inlet, this nerve lay along the left lateral surface of the
trachea in the tracheoesophageal groove., Several small cardiac
nerve branches werc given oif from tlic recurreat nerve roots or the

most prozximal part of the rccurrcat nerve propcr.

Inn three dogs, a small anagtomotic brauch passcd between the
most cranial cardiac nerve branch ol the right side and the left
recurrcint leryngeal nerve. This communication between left and
right recurrcut laryngeal nerves weas dorsal to the proximal half of
the brachioccphalic arterial trunlz. In onc doz it appeared to be

from riziit to left in dircctioxn.

Throughout its precardiac course, the left recurreant laryngeal
nerve supplied Tine branches to the trachca. Iin one dog, a snall
nerve passcd from the middle cexvical ganglion &t the thoracic inlet
to the left recurrcnt uncrve. This sympathctic neive passed veatrally

over the esophazus.

The sialler left pararccurrent larvmocal ncerve diverged
dorsolaterally awey fror: the left rccurrcnt laryazcal nerve to asceund
over the cranial tiworacic esophagugs (big. 7). icar its origin the
left perarccurrent ncrve always sent four or five large nerve
branches dorsally and slightly caudally to innervatc the esophagus
dorsal to the basc of the heart. ‘“he parent ncrve then continued
over the left latcral and ventral surfaces of the precardiac
¢sophagzus, supplying it with a shower of braiiching and anastowmosing

fine ncrve branches.

As the left pararccurrcnt laryngeal nerve proceeded into tlie
base of the neck, it passcd medially towards the trachea and

cventually lay in the left trocheoesophageal groove, dorsolatceral



to the left recurrent laiyngeal ncrve. At the level of the thoracic
inlet, in all dogs, mos: of the left pararccurrcnt fibres merged
with the left recurrent ncrve, the few remaining Tibres beiug
distributed by finc nerves to the left aspect of the esophagus as it

passed througli tlie thoracic inlet and into the basc of the neck.

The left rccurrent laryngeal and left pararecurrent laryngeal
nerves oscended the neck on the left lateral surface of the trachea
with sivilar distribution pattcecrms te the right recurrent nerves in
211 dogs. Doth nerves lay closc together in the tracheccsophageal
groove over most of their cervical course. I'ron the thoracic inlet
to the nidecervical region tiic two nerves were in ¢. copuon fibrous
sheath; and only arfter acetvic acid treatmeant and fine dissection
could the tiro nerves be seperated. Histological cxamination
coafimicd this arrangercnt (Fig. 10). TFrom the nidcervical rogicn
cranially the tvo nerves were loosely joined by swall anounts of
conncctive tissuc (Fig. 11) and & few snall nerves cormmunicating

betivecn the.

The arrangesent imeedietely caudal to the larynx and cranially
froia this level on the left side was similar to the pattern on the

rigihit side.

Throughout the cervical resion the esophageal rani fron the
left pararccurrent nerve (Fig. 7) werc more nwilerous, and more
widespreaa in their distribution than the esophageal rami from the
right nerve (Fig. 6). Those frou the right first passed dorsally
over the trachea before reaching the esonhagus, while those frow

the left nerve passed directly to their esophageal terminavions.
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Vagus nerves distal to the orizgin of cach respective recurrent

laryngecal nerve

After giving rise to the rccurrent laryngeal ncrves, cach vagus
nerve continued caudally and passed dorsally over the lateral surface
of the trachea. Loch vagus then passced dorsal to its respective lung
root where it divided into dorsal and ventral branches (TFig. 12).
Caudcl to the tracheal bifurcation the ventral braiich of the right
vagus fused wvith its left counterpart to foru the veutral vagal
trunk, and nore distally a similar onastorniosis occurred between the
right and left dorsal vagal branches to foru tiic dorsal vagal trunk.
Boti: vazal nerve trunks comntinued with the esophagus and passed

through the diaphragum in the esophageal hiatus.

Right thoracic vagus nerve

Caudal to the right subcluvian arter& and tie origin of the
right rccurrcut laryngeal ncrve, the right vagus ncerve continued
caudally and gradually passed dorsally over the right lateral face
of the trachea. Along this course numerous fine branches left the
vagus to supply thic trachea. In addition, threc or four slightly
larger tranches suppliced both the trachea and the csophagus in this

rcgion (Fig. 13).

Dorsal to the root of the right lung the right vagus nerve
divided into & large dorsal and a smallcer ventral branch (Figs. 12
and 13). This division was always at a level opposite the head of
the sixth rib. Two largc and several smaller bronchial branches

left the ventral branch of the right vagus near this point.



The main trunk of the right vagus nerve continued caudodorsally
in a fairly straight linc cs the right dorsal vagal branch. This
branch Joined with its left counterpart to form the dorsal vagal
trunk. This union always occuried in the postcardiac mediastinwa
dorsal to the esophagus at a leovel between the licads of ribs ten and
cloven (Fig. 12). 1Ia four dogs, o smnaller scecondary right dorsal
vazal branch was present which paralleled the wain branch and lay a
short distance caudal to it, and co joined the dorsal vagal trunk
Just caudal to thec main conflucucc. I threc other dogs, a small
branch left tiic right dorsal vagel branch, pansscd dorsally over the
csophasus and merged with the 1left dorsal vagal brasch crenial to

thic Torration of the dorsal vagel trunik.

e sneller ventral branch of thie right vagus nerve diverged

nedially from thie wain trunk and passced towards thie left on the

o~

ssopnasts. It pasced dorsal fo, but imicdiately caudal to the
tr.cheal bifurcation and soon joined with the left ventral vagal
branch. Along this path it always goave off ouc or two large
broncihial branches.

a

Left thoracic vagus nerve

As the left vagus rerve ran cuudal to the aorvic arch it lay on
the lcft wall of the csopliagus betwecn thce deccending thoracic aorta
and the root of the left lung. {roz this cource the left vagus

supplied the adjacent portion (i.c. cardiac region) of tiie esophagus
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with nwacrous finc nerves through five or six iwaia branches (Fig. 14),

The left vagus nerve then divided into a dorsal and a ventral
branch caudal to thc basc of the heart but dorsal to the root of
the left lung, opposite the space between the heads of ribs scven

and eight (Fig. 12).



The larger ventral branch coatinucd the main trunk of the left
vagus nerve caudoventrally in a straight lince over the left aspect
of the csophagus. This braiuch was rclatively short as it passed
close to, but caudal to, the trachcal bifurcation and joined with the
ventral branch from the right vasue nerve. These veatral branches
forrzed the veatral vagal trunk at & level cppocite the heud of the

cighth rib (Fig. 12). & smaller sccondary left ventral braunch was

ret

yresent 1 five dogs. It arose frowm the left vogus caudol to the
pringry division and merged ianto tiie veuntral vagal trunk idsccdictely

~5

caudel to zlic primary juaction.

In onc dos two cquelly sized ventral branches werce formed fromn
tiie left vazus, and orn the right side a small sccondary ventral

branch was «¢liso present.

The dorsal aad ventral vagel bdbranclies on beth sides lay dircctly

on the csophagcal adventitia.

Iin 211 dogs, the esophazus dorsal to, and izmediately caudal
to, the tracheal bifurcation vas richly imnervated by meny fine
nerve brainchies. These cgophageal branclies were supdiied frow the
vermainel parts ol the left and right vagus acrves, tiacir dorsal and
ventral brenclies, and tac proxinal parts of the dorsal and ventral
vagel trunics. Eranches froua tiic dorsal vagal branches and in
varticular those from the left side, werc most abundant (Fig, 14).
Thus an c¢xtensive plezxus was established, particularly over the
ventral portion of the csophegus. Ilany ncrve fibres pagsed dircctly

to the csophaus, and others suprplied the basc of the ncart, the

tiicheal bifurcation, and the roots of both lungs.
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Dorsal aud ventral vagal nerve trunks

Fro.: their points of formation, the dorsal and ventral vagal
ncrve trunks ran caudally in the vostecardiac iediastinwa, closcly

related to the dorsal and veatral borders of thic esophagus

>

:

rcupectively. ‘The dorsal trunlz tennded to lie to the right of the
csophogeal nidline, and the ventral trunk lay clightly to the left

2l trmnis lay ian the dorsal port of the caudal

O

(Fig. 12). Laoch veg

5y

thoricic medissgtinu: betwecen the opwosed leoft aund right nedicstinel

=

1 & o 1

Pleural shects. occausc of thiyg the vignl truiks were suspended

cand separeted fron tiic csophizgus by a shicrt vidth of double

o

1.

ricciegtinel pleura. This arvangcucnt made it posgible to frce

refleet and transcet cach vagal trunk during surgery without any

trawna to the esophasus.
Throughout thc ceuwdnl thoracic regilon nwicrous {ine nerves
nossed fronr both dorsal and veatral vegal trunks to iancrvate botin

sides of tlic csophagus ( Mas. 17 and 14). These fine ucrves always
posned frow their parcat trunk tc thic csoplasus in o coudal direction.
Tlie dorsel part of the postcardiac csopnagus received a nore plentiful
supply theon the ventral part. In particulor, the proxinal part of ilie
ventral vagel trwak vas conspicuous for its sparse supply of

csophageel nerve branches.

In nonc of the dogs was therce found any variation in the vegal
nerve trunke in the caudal tioracic region, nor verc therce any

sisnificant differences in their esophageal branches.

Poth vazal nerve trunks picrced tiwe diaphragm at the
esophageal hiatus. The ventral trunk lay in contact with the
nidventral surface of the csophagus, and the dorsal trunk: with

the mid-dorsal surface.




The short abdominal csophamus reccived nerve fibres from both
vazal trunks, in a distribution patterm sinilar to that found in
the caudal thoracic region. Howeve:r: the veatral trunk gove of{
oY cgophacecal broauchas than the doreal trunis, since the abdoninal

esopliagus tends to have a greater length in the ventral portion

thhan the dorsal pertion.

L

A very ©inc connecticn wos found betwoeen o teriinal esophagceal
5 U

branch of each of thic vermtral and dorsal vasal trunds. This

comrmumnication was immcdiately caudal to the esoplhugeal attachucit

of the phircnicocscphageal ligonent and wos precent in only five

L

dogs - three on the ikt side, =2ad two o the lcft.

The vagal trunks teruinsted by dividing into four or five
naadin branches which were distributed over the surfacce of thac stuach

and to other avdoninal viscera. This division of the wagael trunl:s

woag ucuallyr ovident ag they passed through the diaphreg..



Radiographic Observations:

The preoperative radiographs and the radiographic screenings
of twenty five normal dogz showved that esophugeal motility did not
necessarily directly follow each oropharyngeal dsglutition sejuence,
noy did it appear as & suootih continuous peristeitic wave travelling
the length of the esovhagus. Swallowed boluses vere freguently
delaved in the most preoximal portion of the cervical ezophazus,
at the thoracic inlet and in that portion betwecen the thoracic
inlet and the tracheal bifurcation. Reflux of gastric contents
into the caudal part of the thorscic esophagus was observed in all

except three dogs.

Group I : Nogs which undervent bi’eteral pharvagoesophageal
neurectomy

Both dogs in this rroup ha vnluses pass smoothly thr-ugh

S’
.

their cervical esophagus durivg precperative observations (Wig< 15
However, vhen the dogs ate food following transection of both
pharyngoesophageal nerves, the cervical esophegus becaue
progressively packed with svallowred food until the puralysed
ssophcgus became distended nas far caudally as the thoracic inlet
(Ffig. 16). With further eating the szallowed mass wes gradually
pushed into the thoracic esophagus so that eventually, on some
occasions, the entire length of the esophagus becane paclied with
food (Fig. 17). On other occasions an esophageal weve formed near
the thoracic inlet, pinched off the distal part of the swallowed

mass (Pig. 18) and propelled it to the stomach.
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These waves started as ineffective non-propulsive waves in
the distal cervical eso -hegus. They trevelled for approxim:tely
1 to 4 cm before niuching off part of the swallowed mass and

effectively nropelling it towards the stomach.

The actual level of origin of the effective waves varied
betveen the two dogs and in fact within each dog. They commenced
at levels between the fifth cervical and the firat thoracic
vertebrae. In each dog a5 the meal progressed and the esophagus
filled wvith swalloued food, the origin of each successive weve moved
more and rore caudally. Uo esophageal contractions were chserved
in the portion of cervical esorhagus between the pharmgoesophageal

Junction cnd the above "wove-origin® levels,

In these neurectomised dogs no abnormaiities of the pharyngeal
~hase of deglutition were observed Tndeed a competent vpharmgo-
esorhageal svh ncteric action vas wmresent. This was most apparent
duiring feeding whenn the doss a'e in a head down position and had =

full cervical eso~hagus vat no fnod uvas seen to pass Foirmrd inse

the pherynx.

Group II : Dogs vhich underwvent bilateral cranial thoracic vagotomy
1p_ gs. &

Observations within twenty four hours of surgery in both these
dogs chowed gaseous diluatation of the esophagus from the level of
the fifth cervical vertebra to the gastroesophageal junction and =
gas filled stomach (Fig. 19). Some watery liquid luy in the
dependent parts of the esophagus and a bilateral pneumothorax

s also observed.



Unfortunately one dog (06) died on the second postoperative day.
In the other (10) the thoracic esophagus was dilated when re-examined

on the sixth, ninth and twenty fourth postoperative davs.

Then these dozs ate barium impregnated food smooth waves of
esophagesal contractions pronelled the boluses down the cervical
esophzgus to th= level of the fifth (dog 06) or the sixzth (dog 10)
cervical vertebra. The svalloved mass lodged ir or near the thoracic
inlet but eventually, with “he acddition of farther swailnved material,
it was shunted into the dilated thoracic esornhagus so that this area
then bLecame packed with food (Figs. 20 and 21). T'ven when this
occurred, cervical waves still attemnted, albeit unsuccessfully,
to propel the increasingly large food mass from the cervical
esophagus through the thoracic inlet. These waves were only
effective to the base of the neck (Fig. 21). To esophageal

contractions iiere obscived caudal to this level.

Althcugh food passed into and filled the dilated caudal
thoracic esophagus in the surviving dog (Fig. 20 ), it was not
propelled freely into the stomach. Iowever, on a few occasions
during each observation, a small amount of food did pazss through
the gastroesophageal junction (Tig. 22). Nevertheless most of
the meal remained in the thoracic esonhagus for at least thirty
minutes after feeding, even when the dog was allowed to sit on
its haunches (Fig. 23) or vhen its forelimbs were held high off
the ground for two or three minutes. A check radiographic screen

of this dog twenty four hours after barium feeding revealed that



no food had remained in the esophagus. During this period the

dog was usually observed to regurgitate some of the barium meal.

The gastroesophageal junction in this dog thus appeared to

be incnrmpetent as it opened only infrequently and inefficiently.

Group III : Dogs which underwent recurrent laryngeal neurectomics

Before neurectomy in these dozs boluses were observed to
pass through the thoracic inlet region and cranial thoracic
esophagus without leaving a trace of meal behind (Figs. 24 and
25). However, the majority of boluses were propelled to the
thoracic inlet where thev remained in a relaxed state until
joined by a second bolus. ™he tvn holuses became fused into
one mass which was then nrope’led swoothlv through the thoracic
inlet and thoracic esophagus to the stomach. “his second
sequence was a relatively smooth and vninterrupted wave from

pharynx tc stomach.

Following right recurrent laryngeal neurcctomy, a
small change in esophageal function was obsecrved in the

cervical and cranial thoracic portions of the esophagus.

In one dog (15) the esophageal waves became less efficient.
They only partially occluded the lumen of the cervical esophagus
which resulted in a considerable part of the swallowed meal being

left behind after each wave had nassed through this area. After

35.



several boluses had been transported in this manner a continuous
ribbon of meal remained through ut the cervical esophagus (Fig. 25).
This incompetency, or partial paralysis, extended throughout the
whole of the cervical esophagus and caudally to a level opposite
the second thoracic vertebra, from where the esuphageal wave
rcrumed ils full prepulcsive force. Tne ineffectiveness of the
esophagesl waves was most obvious on the first postoperative day,
wnen at times the cervical esophegus contained a considerable

mass of feod. MHowever, the condition was less marked by the

sizxth postoperative day.

In the second dog (14) the postoperative changes were
slightly different. The cervical esonhasgeal wave was more
efflective, although occasionallv a frace of meal was ieft behind
(vig. 27). However, mos+ cervical waves apneared to pause at
the base of the neck, heiween *he Tevels cf the fourth cervical
intervertebral disc and the sixth cervical vertebra (Tig. 27).
The esophageal contraction then relarxed slightly for a trief
moment, and at the same time, the esovhagus was drawn cranially
by the elevation of the pherynx during swallowing. The result
of these two actions combined with a downward sloping of the
neck during eating caused some of the food to pass forward
into the proximal cervical esophagus (Fig. 28). Immediately
this had occwred, the esophageal wave restarted at the same
point a2t which it had stopped thus leaving the proximal part
of the bolus in the cervical esophagus (Fig. 29). This wave then

continued in an effective manner along the remaining esophagus to

36.
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the stomach. The food left behind in the proximal cervical esophagus

wag incorporaetcd into the next bolus and the zequence wos repoated.

After loft recurrent laoryngesl newrectomy (seven days after

o . y A N . - . - i .
right recurrent laryngeal neurectomy; the cronial thoracic esophiygus

cnd the part occupying the thcroecic inlst were parzalysed., The

condition remained unchouged during the nezt eight doys.
In one deg (14) a relativelr effective wove itrovelled down the

cervical esopnazus alth.ugh sometimes a small tracc of barium remzined

in the distal parts (“ige 30)“ dowever. in the cther dog (15) an

o

ineffective wave =as g¢ill present thry:ghout the cervical esonhsgzus

e B 3
iigle 35 )«

)

=
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rvical wave in hoth dogs ended opnosiie e sixth

Lt the completion of ecch ccrvical -rave the swallcewed holuses

]
9

temporarily 1lay in the acic inlet and cranial thoracic esophegus
before prrtially refluxing into the disial cervical escphagus

(Fig. 31 ).

2ith the addition of further boluses, the wiralysed region
became distended and the suallowed wmess was graduslly shunted more
czudally. Often the esophagus would be packed with food from the
baze of the neck to the tracheal bifurcation. IEventually a new
esophagsal wave was initiated which pinched off the distal part
of the swallowed mass and propelled a new bolus towards the stomach

(Pigs. 32, 33, and 34).
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In both dogs this thoracic wave reappcared at a level opposite
the first thoracic intervertebral disc region. However, this vave
vas ineffective and only made a large indentation in the ventral

e

parte of *the esophagus (Figs. “2 and %%). Only after the wave had
trovelled to about the level of the fourth thoracic vertebra did
it beceome fully effective (Fig. 34). In both dogs the level ut

vhich & full propulsive wave reappeared sometimes varied by about

one vertebral length either side of fourth thoracic vertebra.

In dog (15) the thoracic wave was diaphasic in origin (vig. 35)

and it we~ the caudal contraction which became the effective wave.

In one dog (14) the first two holuses swallowed passed through
the crarizl thoracic esonhasgus without the usuzl delovs, but, 2
trail of umeal renained behind. “ris was on tre eighth day of
postoperative observations  Siailar activities were seen in the

secoud dogs (15) at the beginning of feeding on the third postoperative

day.

In both dogs, food remained in the esophageil seguaent Lettreen
the fifth cervical and fourth thoracic vertabrae for no longer than

ten nminutes after cach feeding.

Group IV : Dogs which underwent double bilateral cranial thoracic

vago tomy

Obcervations after bilateral vagotomy distal to the recurrent
laryngseal nerve origins in both these dogs, showed gaseous dilatation
of ilie csophagus from the level of the first rih to the

gastroesophageal junction.



hen these dogs swallowed barium impresnated food, smooth
waves of esophageal contractions propelled the boluses down the
cervical esophagus into the cranial thoracic esophagus. The waves
reached a level midway between the thoracic inlet and the kase of
the heart. In one dog (12) this lovel was rscorded opvosite the
first thoracic intervertebral disc (™ig. 3€). Ho esophazeal

contractions were observed caudal to this level.

The swallowved merl vas progressively packed into, and within a
short time coinletelv filled. the psralysed and dilzated thoracic
escpbaguz. ‘ovever, alth-ugsh the swallovwed mass wss vnushed as far
caudally as the gartroesovhagea” junction, it was not seen to pass
freely through this reginn “¢ the stomach. ©n seversl cccasicns th
gastroesophageal iunction did open and ithe distal vortions of the
suallcwed meal passed into the stomach. On other occasicuns when
the dogs weie lifted into a vertical position standing on their
hindpaws, the gastroesophageal junction opened for a few short

ericds and food was seen to pour through into the stomach.

Pfoliowing bilateral wvagotomy proximal to tihe origia of ihe
recurrent laryngeal nerves, the thoracic esophagus was completely
paralysed. Cervical esophageal waves trovelled to the thoracic
inlet in one dog (13) and to betweer the fifth and sixth cervical
vertebrae in the other (12). The gastroesophageal junction was
less responsive than before this second operation, and most of the

food remained in the thoracic esonhagus.
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Group V : Dogs which underwent caudal thoracic vagotomies

One dog (04) in this group frequently showed reflux of
swalloved material through the gastroesopiageal junction into the
caudal troracic esophagus drring preonerative observations

Tig. 38) although on a few ocecasin~s no reflux vas observed
(Tig. 37). In the other dog (02) gastric ref’ux was never

ohwserved preomneratively.

After double caudal thoracic vagotony the waves of esophageal
contractions wassed smoothly over the entire length of the
esorhagus and freely propelled boluses to the stomach in an

zastric reflux was onserved

%

anparently norm:l inanner., However, g

to be more eztensive and was obhscerved more reguiszrly, particuiarly

in one dog (04), (Figs. 39 and 4Q.

In the other dog (02) peflux after dorsal truml: vegetony was
nuch lese extensive (Pig. 41) than after double trung vagotomy

(rig. 42).



Clinical Observations:

Laryngeal function

After neurectomy, no Jog s"nwed anv respiratorv distress

which could clearly be referred to larvngeal malfunction.

BEating behaviour

Preoperative. At no time during the preoperative period did any

of the dogs regurgitate food or show any difficulties in eating.

Postoperaiive. The oropharyngeal sequence of deglutition was never

interfered with, despite the various surgical procedurcs and
neurcctomies. Invariably all dogs were able to masticate food,
and food boluses passed from the mouth into the cervical esophagus
in an apparently normal manner. In contrast, following surgery,

all but four dogs often regurgitated food during or after eating.

Group T : Dogs which underwent bilateral pharyngoesophagasal

neurectomy

Roth dogs (03, 0O5) in this group regurgitated their food on
the first two davs after neurectomy. The meal. which consisted of
solid pieces of coamercial pet food, was eaten slowly. After
several mouthfuls had been swallowed, the dogs paused in their
eating, stretched out their necks with their heads down, then
opened their mouths wide and a column of food poured out freely.
This food mass was covered in watery mucus which showed no acid

reaction when tested with litmus paper. Both dogs then proceeded

410



to re-eat their regurgitated food. Vhenever they ate rapidly
regurgitation was the consequence. However, when these dogs ate
small pieces of meal slowly with pauSes and raised their heads between

swallows, they were ahle to complete a meal without difficulty.

Frem the third to the tenth postoperative day both dogs were
fed meal nixed to a thin crasistency with milk. On this diet
regurgitation did not accur. The dogs swallowed several mouthfuls.
paused, seemed fto concentrate and nake an exaggerated swallowing
action, then repeated this whole pattern until each meal was
completed. The dogs always regurgitated when they were fed solid

food during this period.

These dogs were gradually chenged on to a total solids diet
by the end of the second postoperative week, After this time both
dogs could eat solid food without any problems and regurgitated

only vhen large pieces of meal were eaten in a rapid succcssion.

Group IT : Dogs which underwent bilateral cranial thoracic vagotomy

Neither of these dogs (06, 10) regurgitated their food during
or immediately following a meal However. the amount that these
dogs ate was less than half that eaten before neurectomy. Once
the thoracic and dista® cervical parts of the esophagus were packed
with meal (as seen radiographically) thev stopved eating. They *hen
appeared to show some slight discomfort. On the few occasions that
these dogs were actually observed to regurgitate, it was a much
more forcible act than that seen in the Group I degs. The food
was still in an undigested state and was covered in mucus, some

of which was acidic,
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From the second day after surgery, the surviving dog (10) vas fed
frequently with small liquid meals. On this diet it was able to eat
satisfactorily, even though on many days a small amount of frothy
saliva-like material was found on the floor of its kennel. 1In
addition, within twenty four hours of eating the barium impregnated

meal, part of it was always found on the kennel floor.

Group IIT : Dogs which undervent recurrent laryngeal neurectomies

Both dogs in this gr»Hup (14, 15) at no time regurgitated their

food or showed any problems during eating.

Group IV : Dogs which underwent double bilateral cranial thoracic

vagotomy

On the first and second days after the first neurectomy, both
dogs (12, 13) regurgitated most of their menl immedintely after
they had finished eating it. Both looked distressed and uncomfortoble

nfter eating the menl and then regurgitoted without any effort.

The enting behaviour in these dogs wns similar to that of the
dogs in Group II. However, after the second neurectomy one dog (12)
constantly regurgitated immedintely following each meal, wherens
the other dog (13) was never observed to regurgitate during this

period.

Group V : Dogs which underwent caudal thoracic vagotomies

Both dogs in this group (02. 04) were never observed to have

any problems in eating their food.
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Post Mortem Observations:

Neurectomy site

At autopsy the completeness of nerve transection was
confirmed in all dogs. TFurihermore the precise site of neurectomy
was verified. 1In all cases this was identical to that which was

observed and recorded during surgery.

Esophageal dilatction

The ccrvical esophagus in both dogs of Group I (03, 05) was 2
little more dilated <nd flaccid than normnl. This post neurectomy

change was not very obvious at autopsy.

However, the esophagus in each of the dogs from Groups IT nnd
IV showed consider:ble changes from the normal. In these dogs
(06, 10, 12, 13) the thoracic esophagus was enlarged to nt lcast
twice its normel size (Pig. 43). 1In addition, the distal one third
of the cervical esophagus progressively widened caudally until it
joined with the fully dilated thoracic esonhagus at the thoracic

inlet (Tig. 43).

In gross appearance the Tumen o7 the thoracic esophagus was
greatly expanded but the esonhageal wall was flaccid and appeared
thinner than normal. The gastroesophageal junction remained in
what appeared to be the normal state; it was neither readily
dilatable nor was it overly constricted. In fresh specimens an
index finger could be inserted into the junctional zone without

difficulty.



These post mortem findings were anticipated from the earlier

radiographic observations (rigs. 19 and 29.

The esophagus in all dogs from Groups II and V (14, 15, 02, 04)

showed no detectable changes.

Nerve degercration histology

The nerve samples re-cved from the embalmed dogs were totallvy
uns.itisfactory for histolo~ical examination. The arciitecture of
the nerve truni:s was congidershly destroved, and in all samples the
fine cellular structure was non-czistent. These findings were in

both the transected and the non-transccted nerves.

On the othar hand, the nerve samples taken during surgerr
and from the freshly dissected dogs were adequate for histological

examination.

Those taken during surgery vere control gpecimens and deaon-
strated the normal histology of a nerve trunk (rig. 44). In
contrast, the specimens taken during fresh dissection {(from the
distal segment of the transected ncrves) showed considerable changes
from the normal. 1In all cases the typical pattern of "Vallerian

o

degeneration" (Blackwood et al., 196%; IMinckler, 1968) woo evident.

Nerve samples were falen at verious times after transection and
thus a range of degeneration stages were found. Nevertheless all
samples showed significant changes, such as extensive areas of
neuronal degenreraticn: swelling, degenera‘ion and fragmentation
of the myelin sheath:; and areas of complete loss of all nervous

elements (Fig. 45 ).
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Little attention has been given to the relationship belween
the anatony of the vagzal nerve distribution and the function of

1

different portions of the canine esophagus. rhe present study wau

designed to overcowme this deficiency, by dissections to reveal the

Fal

nerves supplying the esophagus, and surgical transection cf euch of

-

the appropriate nervey. The resultait dysfuuction of the various
portiors of the esopnagus was then studied radiographically to

determine the area of fuwlctional involvement of each transccted

nerve,

The results clearly demonstrate that within the canine
esophagus three wajor regions exist, each with a scparate nerve
supply derived from branches of tne vagus nerves. These rcyions

and nerves are:

1. The cervical esophagus, wnich is supplied by the paircd
1

pharyngoesophazeal and the »aired parareccurrcunt loryngeal

nerves.,
2. The cranial thoracic esophagus, vhich is mainly suppliled
by the left pararecurrent laryingeal nerve.

3. The caudal thoracic and abdominal esophagus, which is

supplied by the thoracic vazi and the vagal aerve trunks.

he structural and functional aspects of the innexvation of
the above portions of the esophagus will, for convenience. be

discussed separately.
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Structural Considerations:

Cervical esophagus

Definition. In this thesis the cervical esophagus is defined
as that portion of esophagus extending frou the pharyngoesophageal

junction to the thoracic inlet.

Herve supply. Tuo pairs of nerves supply the cervical esophagus:

the pharyngoesophazeal nerves which descend from the cranial end,
and tie pararccurrent laryngcal nerves which ascend over the

cervical esophagus from the thoracic cnd.

In the twenty one disgsections the cervical esophagus was
constantly supplied by the pair of plharyngoesophageal nerves wixich
unilaterally innervated thic csophagus from the pharyngoesophageal
junction to the distal third of the ccrvical portion. This confirus
the findings of Hwang ct al. (1948) vho found these ncrves to supply
a similar arca. lcid (1838) vias one of the earliest to notice that
the cervical esophagus was innervated from the pharyngeal ramus of
the vagus nerve, but it wag Chauveau in 1891 who was to clearly
describe the nerve as the "oesophageal branch of thie pharyngeal

nerve",

Other authors have stated that the nerve supply to the cervical
esophagus in the dog is by variously named descending branches from
the pharyngeal ramus of each vagus nerve (Ellenberger and Baum, 1891;
Starling, 1900; Lemere, 1932a; Sisson, 1953; Bradley, 1959).

Nomina Anatomica Veterinaria 1968 lists this nerve as the esophageal
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ramus from the pharyngeal plexus wvhicin is formed from the pharyngzecal
ramus of the glossopharyngeal nervce and the pharyngeal rami of the
vagus nerve. <This ncrve was invariably present in the dogs dissected
during this study, was cleerly defined and was the motor inncrvation
of the thyropharyngeus and cricopharyngeus nuscles as vell as the

23

cervical esopliagus. Thus, on a structural and functional basis it

would seem more appropriate to name tiils nerve the pharyngocsophageal

nerve - a tere first provosed by Hwang et al. (1945).

It iz often stated that the pharyngoesophageal nerve arises
from the pharyngeal plexus which has contributions froin both the
glossopharyngeal and vagus nerves. Heither of thesc statements
could bYe substantiated by the prescit findings which arc thus in
complete agreement irith the findings of Leuere (1932a, 1972, 193%3)
and Hwan; and hic coworlers (1947, 1943, 1953, 1954 ), which were

ased on nany detailed disscctions in this arca. It is therefore
surprising tuat the modern reference text on canine anatony by
filler ct_2l. (1964) refers to Hwans's worl: but at the sade time
states that the pharyngoesophageal nceive receives branches from

the glossopharyngcal and vagus nerves through the pharyngeal nlexus.

The pharyngoesophageal nerve always originates from the
pharyngeal rauus of the vagus ncrve and, furthemorec, in almost all
cases its origin is proximal to tiae vagoglossopheryngeal interncrve
connection. In thesc cases no fibres from the glossopharyngeal
nerve can enter the pharyngoesophageal nerve, unless tliey cross in
the internerve connection and travel retrograde in the vagal
pharyngeal ramus before passing into the pharymgoesophageal nerve.

Apart from the possibility of some¢ fibres in the vazoglossopharyngeal
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communication, no direct contribution from the glossopharyngecal
nerve to the pharyngoesophageal ncerve was detccted in any dog.

A1l the branches froa the glossopharyngeal and vazus nerves and the
cranial cervical syampathetic ganglion are clearly defined, and no
"pharyngeal plexus" of nerves is prescent on the lateral walls of the
pharynx. This so called “pharyngeal plexus"” is listed in liouine
Mnatomica Vetcrinariz 196 and Homina Anatoaice 1968, It hus been
a traditional term and is still used in huinan (haruick and «illiams,
1973) and veterinary anatomy (Chauveau, 1081 Bredley, 1397;
ii'Fadycan, 1922; Sissom, 1953: uLizecres, 1955; IlicLeod, 105:i;
Reighord and Jennings, 1963%; Iillewr et al., 1964; Iay, 1970;
Evang and Delahunta, 1971). On the other hand, Veushan (1895),
Bragley (1959), lemere (1932a), Dougherty et _al. (1953), and Habel
(1970) describe chese nerves and their few interconnections but do
not use the term "plexus", while others feil to mention any intow-

nerve conincctions (Taylor, 12355; stokoe, 19487; Rooney ct _al., 1967;

Dyce and .ensing, 1971; Popesko, 1971: Crouch, 1992).

ihen dissecting embaluied specinens it would he possible to
ceafuse the fascia around the pharynzeal arce. for a plexus of nerve
fibres, unless particular care is taizen. However, in fresh cadavers,
the nerves arc clearly defined and no plexus was detected. In
addition, by using tie picric and acetic acid solution, the source
of fibres entering the pharyngocsophageal nerves vas readily
distinguished from the surrounding fibrous connective tissue.
hwang et _al. (1948) also reported some difficulties with the fibrous

tissue about the ganglia and used electrical stimulation as an aid

to determine the contribution to the pharyngoesophageal nerve.



Prom its vagal origin, the pharyngoesophageal nerve passes
over the lateral aspect of the caudal pharynx to the cervical
escphagus. The nerves on bothh sides are distribtuted in a uniform
manner over the proximal two thirds of the ccrvical esophagus.
Chauveau (1891) and Hwanz ct al. (1948) found a similar ficld of
innervation, whereac Lemcre (1932&) and 3isson (1953) state that
only the proximel third of the cecrvical esophagus is supplied by
the pharyngociophageal nerves. These reported diffcerences in the
extent of this ncrve supply to the cervical esophagus most likely
reflect differences in the case with which the various authors have
been able to dctect the terninal branches of these ncrves.
found during the prcsent study that in the fresh cadavers the ncrves
could be traced to their grcatest visible iength, aid the longer thic
fresh material was kept the more difficult it sms to trace tie
nerves. In the formalin embalised specimens, the nerves werce nuclh

wore difficult to trace than in the fresh speciineons.

From the distal end of the cervical esophagus the pair of

o

pararecurrent laryngeal ncrves gscead and supily both =icd-s of lo

Pt

cervical esophegus, although more osopizageal hiranches erisc from
the left nerve. Chauveau (1891) is the only other worker to report
the dominance of a left sided nerve cupply to the cervical
esophagus. This asymuetry may result from the fact that the
cervical csophagus lies more to the left side than the right, and
so the left nerve, wiich is in closer proximity to the esophagus,
becomes its major supplier. Juantitative mcasurements on the

pararecurrent laryngeal nerves may clarify this point.
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Cranial tlioracic esophagus

Defirnition. In this thesis the crunial thoracic esorhagus is
defined ws that portion of esoshazus cuteanding frow the thoracic
inlet to a luvel opposite the trachewl bifurcacion (or at a level

between the fourth and fifth thoracic vertobrae).

Herve sunply. lhe nerve supply to tiic cranial thoracic paxt

of the caniane esophagus ic frow two sources. 4L very ecixtensive
supplys coizes frow the left pararceurreot laryngeal aerve, wind a
minor contribution cowes frow the risnt vagus wexve. In fact, tie
sparsity of esophageal fibres fron *the right vagus is such thet it
could almoct be censidered that the left pararccurrent nerve is the
éole supply to the cranial thoracic cuophazus. No othoer branches
of the 1uft vagus aerve werce found to supply this part of the

esophagus.,

S JH]

Theo findings of the relatvionshiip of the right and left vagus
nerves to the craninl thoracic cesophagus are in agrecient with

Sha Ban (197C).

An adeguate description of the nerve supply to the craniel
thoracic esophazus in the dog can not be found in the literaturc.
Some reports simply state that the thoracic vagi supply branches to
the thoracic esophagus (Dowgiallo, 1927; IHilgabeck and iIill, 1950;
Bradley, 1959), but Chauveau (1591) and Lemere (1932a) imply that
the left pararecurrent larynscal nerve supplies the cranial thoracic
portion of the esophagus. It is therefore surprising that, despite
the adequate descriptions of the prcsence of the pararecurrent

laryngeal nerves by Chauveau (1891) and Lemere (1932a), later workers



fail to mention them in accounts of esophageal and laryngeal
innervation (Starling, 1900; Hilsabeck and Hill, 1950; Vogel, 1952;

Bradlcy, 1959; Miller ct al., 1964).

Parcrccurrent laryngeal nerves

In cach of the itwenty onc dogs dissccted in the prescat study
two recurrent laryngeal ncrveg were constantly found on each side.
For most of its couwwse, each recurrent laryngcal nerve proper is
paralleled by a siwilar but slightly smeller nerve lying wore
dorsaily -~ the pararecurrent laryngeal ncrve. This narwe for the
seccond recurrcnt nerve was originally proposed by Lemere (1832a).
Heither Womina Anatomica 19638 nor momina ‘matowmica Veterincris 1963
list this nerve, but sincc it complics with their principles of

nomenclature the tem hos been adopted in tiiis thesis.

In cach case, the recurrent laryngcal nerve proper (the nore
medial and ventral trunk) passcs crariclly in the neci giving off o
few finc twigs to the trachca. [Finully, it penetrates the larynz as
thie coudel loringeal nerve and teruinates by branching to supply the
internal intrinsic laryngcal muscles of the samc side. No connectiocus
were found between any of these branches and the craznial laryageal

nerve,

On thc other hand, as each pararccurrent nerve passes cranially
it gives off many branches to thec trachea and the esophagus. Thesc
branches are particularly frequent from the left nerve, especcially
in the cranial thoracic region. This could be explained by the fact

that the left pararecurrent nerve is the sole innervation of the
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cranial thoracic esophagus, whereas the cervical esophagus receivez

a bilateral and dual nerve supply. Despitc its developument as a
nidline structure, the esophazus cranial to the tracheal bifurcation
has a predominantly left cided innervation frow the left pararecurreint
laryngeal neixve and in this resion lies to the left of the nmidline.
The above facts relating to left sided asymacetey could be correlated
on the basis that developmentally, the nerves inacrvate the esophagnus
after it becoues a left sided gtructure, but as yet tihere is no

cvidence to support this hypothesis.

At their cranial and caudal ends the recurrent ane pararecurrcint
laryngeal nerves often lie closely apposed, or even uwithin a commen
nerve sheath, but the two trunks can be clearly sevarsted. :'rou
their caudal end both nerves arise either fron the vegus nerve in a
short comiton trunk or ag twe separate nerves from the varcat vasus.

In the latter case the pararecurrent nerrve taizes ts origin imiadiately
caudal to that of the recurrent nexve piopzr. At the cranizl end,
within the larynx, the verarecurreant .aerve divewrzes from the

recurrent nexire and continues as tlie anastouovic ramus of the

internal branch frow the ipsilateral crenial I .iyrgeal nerve.

N

This description of the double zecurrent laryngeal nerves
completely supnorts the earlier accounts by Cheauveau (1891) and
Lemere (1932a). Sisson (1953) end Sha Ban (1970) provide siuilar
reports but state that the pararecurrent nerves supply only the
cervical esophagus. hiller et al. (1964), by stating that the
pararecurrent laryngeal nerve is "inconstant', have misinterpreted
Lemere's (1932a) pager in which, in fact, Lemere states "the

pararecurrent may rarely be included in the recurrent in dogs, but



it usually runs as a separate nerve or as a plexus".

Caudal thorccic and abdouinal esophagus

Definition. In this thesis that part of the esophagus cxtending
between the levels of the tracheal bifurcation and the diaphragm is
defined as the caudal thoracic esophagus, while the abdominal
esophagus is the short terminal segment extending between the

diaphragm and the stomach.

Nerve supprly. The nerve supply to the canine esophagus caudal

to the tracheal bifurcation is frowm the rizht and left vagus nerves
(caudal to the origin of their respective recurrent larynzeal nerves)

and their resultant conjugate dorsal and ventral vagal trunks.

The right and left vagus nerves do not divide at the sawc level,
nor are their resultaut dorsal and ventral braiches of equal diameter
and length. Ifurthermorc, the fusion of thesc dorsal branches to form
the dorsal vagal trunk occurgs at a differcnt level from its ventre

countcrpart.

Both vagus nerves divide into dorsal and ventral branches in the
region dorsal to the tracheal bifurcation. However, the right vagus
always branches cranial to the left vagus, which agrees with the
findings of Hilsabeck and Hill (1950) and Bradley (1959). The
distance between the levels of division is one to one and one half
vertebral lengths; a difference which Chauveau (1891), Dowgialla
(1927), Sisson (1953), lizeres (1955), and Miller et al. (1964) have
not reported. In addition, the dorsal branch from the right vagus is

greater in diameter than the ventral branch, whereas on the left side
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the ventral branch is the larger. These differences are readily
visible to the naked eye but Sisson (1953) is the only other workcr
to report such differences. Despite these diffcerences in diaueter of
their branchcs, no visible difference in size can be detected between
the right and left thoracic vagus nerves nor between the dorsal and

ventral vagal nerve trunks.

Finally, the formation of the dorsal vagal trunk occurs two or
three vertebral lengths caudal to the foruation of the ventral vagal
nerve trunk - a marked diffcrence vhich was also noted by Hilsabeciz
and iIill (1950), iiizeres (1955) aund Bradley (1959). It is believed
that this thesis provides the first accurate record of the actual
sites (with reference to vertebral levels) wiiere the vagus ncrves

divide and again rejoin to forn the vagal nerve trunks in the dog.

‘ithe nerve supply from the vagus nerves and trunks to the caudel
thoracic and abdominal esophagus presenced no unusual or new featuros,
and in fact the nerve distribution »nattern is essentially in accord
with that found by previous workcrs (Chauveau, 1891; Stariing, 190u;
Dowgiallo, 1927; ililsabeck and Hill, 1950; 3isson, 1953; IHMizeres,
1955; Bradlcy, 1959; Dhiller et al., 1964).

Enbryonic development of the egsophogus and its vagal ncrve supply

Studics in esophageal organogencsis are few and conpletely
inadequate, so much so that none provide any information that may
lead to a better understanding of the development and distribution
of the adult nerve supply to the entire esophagus. Indeced, no
literaturc is available on the organogencsis of the canine esorhagus

or vagal nerves.
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Standard texts on developmental anatomy briefly mention the
development of the esophagus, but not the ncives, in man (Raxter,
1953; Patten, 1564; Arey, 1965; Patten, 1968; Languman, 1569;
Warwick and +Jillians, 197%) and in the pig (Patten, 1948; Patten,
1964; Arey, 1965; larrable, 1971), and the appearance of nerve
fibres in the csopiageal wall of the fetus has been reported in mal.
(Indar Jit, 1955; Smith and Taylor, 1972) aad in the pig (¥lint,
1907). licverthcless, a developuental account of the pattern of nerve

supply to the csophagus is still awaited.

In the doveloping human embryo, the esopiiagus forms from tiaat
portion of primitive foregut which extends between the primitive
pharynx and laryngotracheal furrow, and the morzs caudal dilatation
marking the primitive stomach. Initially the esophaszus is very short,
but it lengthens rapidly during the process of neclt development and
with the associzted descent of the pericardiun (Baxter, 195%;

Arcy, 1965; Longman, 1969). ‘Mhe striated muscle fibres of the
esophagus are derived fron the braznciial arch mesoder:a {Scroficld,
1968). Even though this account is from hunan cubryology, a similar

sequence of events would be expected in the canine embryo.

During development, the primitive stomach undergoes a so called
rotation of ninety degrecs abecut its longitudinal axis, so that its
original left wall becorics ventral in position and its right wall
becomes dorsal. It is suggested that there is probably a similar and
concurrent associated rotation of the primitive esophagus caudal to
the tracheal bifurcation. The esophagus in this region would be frce
to rotate since it is not constricted by adjaceat structures as are

present cranial to this level., The result would be that the original
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left wall of the caudal esophagus and stomach now becomes their
definitive ventral wail. It is therefore possible that these changes
are associated witn the change in polarity of the vazus nerves, fron
right and left lateral to dorsel and ventral vegal nerve trunis.

In addition, rotation of the csophagus and stomach may account for
the large ccuponent of the left vagus in the ventral vagal trunl: and
ventral gastric nerves, and e similar large component of right vagal
fibres in the dorsal vegal trunit and dorsal gestric nerves. A
detailed svudy of the csophagas aund the developuent of its cextrinsic
nerve supply could clucidete this hypothegis. Uarwick and Villiawg
(1573) briefly ezplain the difforent orisins of the recurrent

laryngecal nerves in man.

Soue potontially veluable and interesting rcsearch related to

secal innervation could be carricd out on some anictils with

esophag
certain congenital anomalies. In the dog, Fox (1965) statcs "one of
the commoncst csophascal anowdlics arises from coastriction by

& D J

vascular cnbryonic remnants of the cortic arch™., 'fhe list of defcets

in this species which would be suitable and worthy of moie
investigation would thus include wberrent right subciaviea crtery,
doublec aortic arch, right coxrtic arch, interrupted aortic arch, os

well as hercditary achalasia and esophageal fistulac and atresia.

Those presented with an anomclous origin of the right subclavian
artery or with aortic arch anomelies could, on cmbryological grounds,
be expected also to have an anomalous right and ox left rccurrent
laryngcal nerve. If these situations wcre present in the dog, as
witness a case of anomalous origin of right subclavian artery in

man (Crant, 1962), then it could be expected thet thc right recnrrent



nerve would not supply any branches to the esophagus but course by a
shorter direct route to the laryn:. According to Grant, howevcer,

the deficient recurrent branches *o the csophagus and ticchea in this

s

1.

case arosc dircetly from the varcat vagus nerve. Syusctrical
recurre:t larymgeal nerves arce associated with the dewble zortic

- N N ot —— - ',,\
arch anoncly in man (Ellncou_gtjgr, 1536 ;.

Although cages of aberrant right subclavian arteries have
reported in the dog (Vitmuz, 1962; ilenvood and Ureen, 1964;
Dexlecer, "70) the authers were unable to chscrve the course of the
right recurrcnt laryugeal ncrve. Unfortunately such cases are often
discovercda in tinc aratony disscciion rocw or at necropsy altor

mutilatict: of the nerve trunks.

There are no reports in the literaturc of an aberrant right
recurre:nt lapryngeal neive in the dog, thus ir any doz were to bo
presconted to a veterinary clinic with suspected vascular ring
esophageal obutruction and on aberrant right subeclavicn artery is
diagacscd, it woull bo informatcive if clectrical stisulecion and
other experiments on the esophagus and its nerve supply were carricd
out before curgical treotiient or cuthanasia. A carcrul anatomical
dissection of thc vagi a:nd recuiirent nerves and their csophageal

rami should be made if possible.

Harls (1959) stated thet a giraeffe or giraffes (nueber cxamized
not specificd) did not possess rccurrcnt larimgezl nerves, but instead
the caudal laryngeal ncrves pagssed directly from the adjacent vagus
nerves to the larymz. That this statewent is characteristic of the

giraife specices, Giraifa carmelopardalis, wust be seriously questioned

since, if it were true, then the sequence of cranial nerve and
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cardiovascular development in the giraffe must be significantly
different from the otherwise universally accepted pattermn of

mammalian development (Young, 1957).
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Functional Considerations:

liethods of study

Many experimental methods have been usced to study the function
of the cscphagus. Among these arc direct or radiogiapliic obscrvatiowns
on motility, intraluminal pressurc rccordings, and studics on the
cffects of cither clectrical stimulation or ncervo transcction. In
the present study, radiographic teclinnigues were chosen as they allouced
observations to be made in a truly physiological manncr. To achicve
thig, thc animals under svudy were trained to stand quietly in e
norral posture on an X-rey table, ond eat bariwa impregnated food
from a bovl situatcd just in frout of their forepeaws. whilst they
freely ate their wncel, cincrudiographic and video cquipment vas uscd
to observe and record entirc esophageal metility seguences by

following ecach bariun imprcsnated bolus from tae mouth te tue stomowch.

Apart from Lonzhi and Jordan (1971), who also ezamined the
esophagus in conscious dogs in a normal standing position, previous
rescarchers on this subjcect havce relied on physical means or
pharmacological agents to restrain (either by general anacsthesia
or sedation) their cxperiuental animals, or have placed the animals
in a recumbent position, or used a tubc to introduce matcrial into
the animal's oral cavity, pharynz, oxr csophagus (Langley, 1898;
Meltzer, 1899; Carlson et al., 1922; Jurica, 1926; Knight, 1934;
Burget and Zeller, 19%6; Zeller and Burget, 1937; Grondahl and
Hancy, 1940; Hwang et al., 1947; lwang et al., 1948; Hwang, 1953;
Hwang, 1954; Doty and Bosma, 1956; Decloyers ¢t al., 1957; Schlegel

and Code, 1958; Botha, 1959; Carveth et_al., 1962; Greenwood ct_al.,
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1962; lianzano et al., 1964; Higgs and Bllis, 1965). It seems likely
that such methods may influence the motility of the esophagus
(Meltzer, 1899), as they do other parts of the gastrointestinal

tract (Zontine, 1973).

In previous studies on the esophagus, few deleterious side
efTects from various neurectomies, with the exception of bilatexral
recurrent laryngeal neurectonmy, have been encountered. In this latter
case hovever, bilateral laryngeal paralysis occurs, and aspirction
pneumonia has been considered or has often teen 2 likely sequel
(Long et 21l., 1959). For this reason wost earlier worliers have
either avoided this neurectomy or have cautiously ensured that at
lean:t one recurrent laryngeal nerve rewained intact. Alternatively,
artificicl airways have been introduced into the euperiuental
animals. For cxample, Long et &l. (1959) and ligzs and Hllis (1965)
performed laryngectomies on their experimental dogs, dbut nevertheless,
with their concern to maintain an airway, these and other workers
must have unavoidingly scvered or at least damaged one or more of
the nerves that innervate tlie cervical esophagus since tleir
reports do not mention any precautioiis to leave intact the important
nerves in and around the laryngeal and tracheal areas. The nerves
in this proximity are the pharyngoesophageal, recurrent and
pararecurrent laryngeal nerves, and the anastomotic ramus between
the pararecurrent and the intermnal branch of the cranial laryngeal
nerves. Since damage to these esophageal nerves does interfere with
the normal nervous control of the esophagus, tracheostomy or
laryngectomy should not be used in critical studies of esophageal
physiology. urthermore, some doubt must be placed on the validity

of results obtained after these preliminary ‘'precautions'.
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In the present study, the only precautionary measure taken was
to perform a bilateral laryngeal ventriculocordcctony on cach dog
before it entered the experiment. The healing fibrosis frow this
simple surgical procedure fixed the arvtenoid cartilages in an abducted
position, and a patent airvay was thus encured throughout the experiment.

Jurica (1926) achieved similar results with electrocautery.

3ix dogs undervent bilateral recurrent laryngeal neurectouies,
either directly or indirectly by vagal transection. One, which died
shortly after surgery, was found to have bilatecral preumothorax and
aspiration asphyzia, but in the remainder no respiratory problens
associated with laryngeal paralysis were observed despite tne fact that,
during the immediate postoperative recovery period wost dogs exhibited
profuse salivation in conjuaction with varying degrees of dyspaagia.
However, the expected risk of aspiratior asphyxia was diminisihed by

using atropine sulphatc to control the salivation during this period.

“herefore, for successful animal management in canine esophageal
studies, this simple and effective technigue of laryageal ventriculo-
cordectouy and postoperative atropine sulphate administration is

recomiended.

Cervical esophagus

The production of a paralysed cervical esophagus by bilateral
transection of the pharyngoesophageal nerves confirms the functional
involvement of these nerves in this region of the canine esophagus.
These findings support the work of Hwang et al. (1948) who likewise
exemined their dogs by radiographic means. In addition, by

electrically stimulating the pharyngoesophageal nerves, Lenmere
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(19%2b) and Hwang et al. (1948) reached a similar conclusion.

In the prcsent study, the caudal limit of esophageal paralysis
varied bhetween the two dogs and within each dog on different occasions,
but remained between the level of the fifth cervical and the first

thoracic vertebrae.

An uncxpected and previously unreported finding following
bilateral pharyngoesophageal neurcctomy was that, in aadition to a
paralysed cervical csophagus, the thoracic esophazus also appecared
puralysed at certain times during feeding. This occurred especially
when the dogs swallowed large boluses in rapid succession, so that
the paralysed cervical csopnagus soon became fully packed with meal.
With continued cating, the mass of meal was progressively shunted into
the thnoracic esophagus, and somctimes a solid column of meal would
ertend from the pharyngoesophageal junction to the diaphragu. This
is contrary to the finding of Hwang ci al. (1943) who reported that,
following bilateral pharyngocsophageal ncurectomy, the tlioracic portion

of the esophagus remained functionally normal.

1hat the thoracic cesophagus was not primarily affected by

pharyngoesophageal neurcctomy was evidenced by the fact that, in the
carly stages of each mceal and at other times during the meal, boluses
passed tarough this region of the esophagus in an apparently normal
manncr. The thoracic esophagus appecared to function abnormally only
when a mass of ncal was pushed into the thoracic region in greater
volume and at a more rapid rate than was normally experienced with
the usual sized boluses. Perhaps a protective mechanism exists, with
high threshold inhibitory rcceptors, which when stimulated (in this

case by a large voluwe suddenly arriving at the thoracic inlet) would,
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through the swaliowing center, block any contraction waves passing

through or being initiated in this region of the esophagus.

Alternatively, these observations could be interpreted as an
indication of distal ncuromuscular activity bteing at least partly
related to or controlled by the preceeding activity in wmore proximal
csovhageal segments. It is suggested that the normal function and
passage of a bolus through any part of the csophagus is dependent to
sone extent on the norual neuronuscular responses and the passage of
a bolus through the adjacent proxiisal scguent. Longhi and Jordan (1971)
reached o similar conclusion and lHendrix (1974) sugzests that the
control of this intcrdependence is mediated through the central
swallowing cenver. 4 paralysed cervical esoghagus would interrupt
the wave sequence, and perhaps cnother wave type, albeit less

efficient, could be involved distal to the paralysed region.

Thisz phenomenon of temporary paresis and meal retention in an
apparentcly normal segment of csopliagus distal to a paralysed segnent
was siwmitarly observed in two dogs afver bilateral recurrent laryngeal
ncurcectouy. liorcover, this phenomenon was also obseived in three intact
dogs: din the thoracic csophagus in two dogs, and in the ccrvical and
thoracic esophagus of the other dog. If plate radiographs hsd been
taken of these clinically normal dogs when the large mass of meal was
taiporarily in the thoracic region, a completely false diagnosis of

achalasia or megaesophagus may have been indicated.

After bilateral transection of the pharyngocsophageal nerveas,
the ccrvical esophagus rewrained paralysed throughout the 45 day
postopcrative observation period. This contrasts with the findings

of Hwang (1953) who reported that functional recovery occurred
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"in the coursc of a few weeis", and his opinion was that the recurrent
lar-yngal nerves gained conirol of the wotility of the cervical esophuagus

and were regponsivle for its recovery.

Previously, it hes been stated that the recurrent laryngeal
nerves were entirely sensory to the cervical esophagus (Chauveau,
1891). iowever, in tihis current cxperiment it was found that, vhen
these neives were transected at their origins, the ceivical esophagus
functioned abnormally in that the contraction waves appeared to be less
efficient than before transection. One explaratiova coitid be that
these nerves contribute motor supply to this region of the esophagus.
Other woriers have also concluded that the recurrcat nexves are
involved in %he motor control of the cervical eso.iasus (I{ronecler
and Luscher, 1296; Lemere, 193Zb: Iwang, 1957%), wltliough iLemcre
(1932b) states thet the parzrecurrent nerves are motor, secretouotor,
and sensory to tie lower two thirds of this region, and Hwang (1953)
could, by electrically stimulating the recurveant laryngeal unerves at
the base of the neck, product a contracticn of the cervical csopharis
but only after transection of the pharyngoesophaseal neives and not

before.

Cranial thoracic esophagus

When both recurrent laryngeal nerves wcre transected at their
yng

origins, 1o external signs of esophageal dysfunction were observed

even though radiographic exzamination revealed that thc esophagus in

the cranial thoracic region was paralysed.

The distribution pattern of the left pararecurrent laryngeal

nerve indicates that it is the major nerve involved in the function
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of the cranial thoracic esophagus. In this study, the transection of
the right recurrent laryngeal necrve produced a slight dysfunction in
the cervical and cranial thoracic esophagus. Subsequently, when the
left rccurrent laryngeal nerve wvas transected, the ecxtent of paralysis
increased significantly vo include paralysis of +the cranial thoracic
esophagus. flchough tois would support the structural findinzs. the
possibility that the increcasc in the extent of paralysis was a
sumnatory effect of both transected nerves can not be discounted.

Such & possibility could be tested by further treinscction experiments

in vhich only the left recurrentt laryascal nerve is sectioaned.

In addition to the paralysing effect on the cranial thoracic
esophagus, somnic minor changes in wotility werc also seen immediately
cranial and caudal to this rcgion following bilateral rccurrcent
laryngeal ncurcctomy. Contraction waves passced over these Jjunctionol
zones in a less effective manner than before neurectoay. It scons
reasonable, on structural grounds at lecast, to asswme that these
Jjunctional zonecs correspouind to esophazeal rezions over waich the
recurrcat laryngeal ncrves have only partial control, the balance of
the innerveiicn being from the punaryngocsophageal nerves cranially,

and the thoracic wvagi caudally.

Iz earlier accountg, roncecker and Luscher (1896) found that tic
recurrent laryngeal nerves brought motor fibres to the cervical and
cranial thoracic portions of the esophasus (species not cited), and
Hwang et al. (1948) found that electrical stimulation of the recurrent
laryngeal nerves at the basc of the neck had no effect on the
esophagus. As has already been pointed out earlier in this thesis,
it is the cranial thoracic esophazus that is most richly supplied by

the (left) pararecurrent laryngeal nerve, and hence to discover its
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effect this nerve must be stimulated at its origin in the thorax and
not in the base of the neck. Iiurthemore, when Hwang et al. (1948)
stinulated the cervical vagus on either side, which would have meant
excitation of the recurreut and pararecurrent laryngeal nerves, the
result was contraction of the whole tl.oracic portiom and the lowermost
two to three centiueters of the ccrvical portion of esophagus.
However, sincce of the recurrent brenches, the left pararecurrcnt
larynzcal nerve provides thwe greavest supply to this region, it could
have becin cxpected that the resul®: reported by Hwang ot al. (1948)
would havc been obtained by stimulation of the lcft vagus oanly,

vhile stimulation of the right vagus would have resulted ia

contraction svarting at a slightly wore caudal level in the thorax.

Thoracic and zbdominal Cs50phagus

Silateral vagotowy immediately caudal to thie widdle cervical
ganglion rcsulted in a radiographic picture of paralisis of the
thoracoabdominal esophagus, dilatation ond meal rcetention in the
thoracic portion, delays in the passage of material from the esophazus
into the stouwach, and mcal regurgitetion. This thesis is the first
to report this particular bilateral vagotouy. Similar results could
have becn obtained with bilateral cervical vagotomy but the
intrathoracic sitc was chosen as a standard procedure so that all
dogs that underwent vagotomies also underwent intercostal
thoracotomies. A cranial thorecic vagotomy with intact ansa

subclavia algo avoided all elements of Horner's syndrome.
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When bilateral vagotomies were performed at more caudal levels,
the extent of esophageal paralwsis was correspoandingly lessenecd. In
fact, when vagotonies were performed immediately caudal to tiae
origins of the recurrent laryngeal nerves, the cranial thoracic
esophagus remained functionally normal as its nerve supply - the
left pararecurrent laryngeal nerve -- remained intact. However;
bilateral vagotony immediately cranial to the origins of the
recurrent laryngeal nerves produced the sawme effect as bilateral
vagotony immediately caudul to the middle cervical ganglioun. Thus
the implication is that between the middle cervical ganglia and the
origins of their respective recurrent laryngeal nerves, thie vazus
nerves do not give off any significant innervation to the esoplhagus -

a Tact that is also supported by the carlier dimscctiors.

Similar findings of the functional involvemernt of the thoracic
vagi in the canine esopinagus have been well docuuented by previous
vorkers (Chauveau, 1391; Starling, 1900; urica, 1926; CGrondehl
and Haney, 1940; Hwang et 2l., 1947; Ingelfinger, 1958; Long gt al.,

195G; Carveth et el., 1962; Greenwood e al., 1962).

Coucurrent with esophageal paralysis after vagotomy, there wes
also interference with the normel passage of material from the
esophagus into the stouach. A swooth umuscle gestroesophageal
sphincter does cxist and the evidence relating to its presence is
discussed by Vatson (1973). However, from obscrvations made during
this work, it appears that the terminal esophageal seguent as well as
the sphincter controls the passage of material fromn escphagrs
to stomach. Therefore when considerinsg the functional mechanisms in

this region the term gastroesophageal junction should be used.
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A considerable number of workers have attempted to determine
the function and control of the gastroesophageal junction, but still
the normal eperaiive mechanisms in this area are not clearly under-
stood (Langley, 1898; Carlson et al., 1922; Knight, 1934; Burget
and Zeller, 1935; Lendruum, 1537; JZeller and Burget, 1937;

Hweng et zl., 1947; Lerche, 1950; Donald, 1952; Hoag et al., 1954;
Ingelfinger, 19583; iieiss et al., 1953; Schlegel and Code, 1958;
Botha, 1959; 1illis et al., 1960; <Carveth et al., 192€2; Gahegan,
1962; CGreenwood et al., 1952; Hanzano et a2l., 1964; i.ichelson and
3iegel, 1964; Iiiggs and ©Tllis, 1965; Iligzs et .al., 1965; Baue, 1966;
Code and Schlegel, 1968). In addition many studies on tiie esophagus
heve been undertaken to probe into tie pathogencsis of achalasia and

sinilsar cenditions (Grondahl and Faunoy, 1940; Deloyers ¢t al., 195

-

y
Long gt al., 1S59; Ellis, 1362; liofumeyr, 1955; Lavson and Pirie,

1896¢; Clifford wund Gyorkey, 1967; Clifiord et ul., 1907; Hoffer ct al.,

1567; Osborne gt _al., 1267; cawley and dendrex:, 1969; 1Lillis and

Olscn, 1969: Just-Viera and Iaight, 156S; Lokolovsky, 1972). wuven
though acihclasia likc syandromes huave becn reproduced in sowe of the

experinontal dogs it is beyond the scopce of this present study to

exariine in detail the physiology of the gastroecsophageal junction.

(S 1Y)

Neverthcless it can be said ithat tiie more cranial the thoracic
vagotomy, the wore sevcre is the effect on the gastroesophageal junction.
Double vagotoiiy & few centimeters cranial to the diaphragu produces
only a very slight alteration in the gastroesophageal junction, wherecas
cranial tlhoracic bilatcral vagotouy results in an almost total obstruction
to food passage between esophagus and stomach. Coutroversy exists as
to whether the functiovwal zone is relaxed or in spasm following
vagotomy and in achalasia. The observations from the present study
cannot clarify this point, but needless to say the gastroesophageal

Junction was always less effecctive after any vagotomy.
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Some comments on normal esophageal motility

This study was not designed to investigate the normal progression
of material along the esophagus, but during the work observations were
repeatedly made that put in guestion the validity of the currently

held concepis of esophageal physiology.

Textbooks oii human and veterinary physiology state that the
progressicn of food material alongz the esophagzus occurs as one
continuous muscular movement from the pharynx to the stomach (Starling,
1900; »evson and Bggleton, 1968; Hill, 1970; Hendrixz, 1974). 1In
the present study this traditioiially accevted concept of esophageal
motility was found to be an uncommon occurrence. sropulsive
esophageal contraction waves did not necessarily directly follow eaclii
oropharyngeal deglutition seqguence. Often o bolus would be projected
from the pharynx into the cranial cervical esophagus wirere it would
remain for some moments. Somnetimes it would rewzin until a second
bolus was swallowed and becane fused with it before being propelled
along the esophiagus. ‘vhereas at sowe otiier times, the single
stationary bolus, after a short delay, would then be propelied

towards the stomach.

Boluses moviang in an apparently normmal nanner along the cervical
esophagus were often stopped and delayed in the thoracic inlet region.
These boluses usually continued towards the stomach only after being
joined by a second bolus. In addition to these two sites where
delays and fusion of boluses occurred, boluses sometimes decreased
their rate of passage or even stopped momentarily in the cranial

thoracic region of the esophagus.
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These delays in esophageal motility contradict Ingelfinger's
(1958) opinion "that peristalsis svwceps over the normel esophagus
vithout interruption. Iiorcover, theie is both radioiogic and
manometric cvidence that the peristaltic wave starting in the
pharyngeal constrictors passes through the upper esophageal spihinctor
zoile uand then the esophagus in unbroizen succession both in man and

the dog. ™

1ill (197C) does not mention reflux of gastric contents into the
caudal part of the thorocic egophasus in the normal dog. In the hwian
it is regarded as abnormal and a causc of esophagitis (4llison, 1972
Lichter, 1974). However, in this study, twenty two of the twenby five
dogs cramined radiogruphicalily czh:ibited significant reflux of naterial
fron the ustowach into th:e caudal thoracic csophagus. Of these, the ten
experimeatal dogs wiiich werce later ciamined post mortem showed no sross

pathological sigus of csophagitis.

These observations on cliznicaily normal dons contradict the

3 B
accepted concepts of esorhageal »hiysiology. liendrix (1974) reports
that the nature of the food ecatben caun influence esopiwieal motilit:,
and perhaps gscme of the differences betiveen earlier reports and the
present study could be accounted for on this basis. Ilowever, a more
likely explasetion is thav the studies from which the current concepts
werc derived, were in fact cariied out under conditions that were not
truly physiological. This explanation is considered to be the more
acceptable since the esophageal study rccorded in this thesis was :aade
on conscious dogs examined radiographically as they stood in a normal

posture and freely ate bariun impresmated meal.

It is clear from the foregoing that more detailed radiographic
studies of the normal canine esophaguig under truly physiological

conditions are required.



SUMMARY



The vagal nerve branches supplying the esophagus were carefully

dissected in twenty one adult dogs. ten of which had previously
undergone various surgical nerve transections. Esophageal function
before and after nerve transection was studied radiographically:
all radiographs were made on conscious dogs. trained to stand in a

normal position freely eating barium impregnated meal.

Contrary to standard texts, it was found in the present study
that each parent recurrent laryngeal nerve was always divided into
two trunks: the recurrent laryngeal nerve proper uvhich coursed
directly to and terminated in the ipsilateral intrinsic laryngeal
muscles (excluding cricothyroideus), and a more dorsally lying
pararecurrent laryngcal nerve which coursed parallel to the
recurrent proper but freely supplied many branches to the esophagus
and trachea., These esophageal branches were especially numerous on
the left side, as the left pararecurrent ncrve richly supplied the
cranial thoracic csophagus as well as the cervical portion.
However, the right pararecurrent nerve supplied the cexrvical
esophagus only  Bach pararecurrent ncerve then terminated in the
anastomotic ramus from the internsl branch of the ipsilaferal

cranial laryngeal nerve.

From the experimental studies it was concluded that the
recurrent laryngeal nerves werc functionally involved with the
cranial thoracic esophagus, since this region wes completely
paralysed following bilateral recurrent laryngeal neurectomy.
Some dysfunction was also seen in the cervical esophagus after

this operation.

72-
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The cervical esophagus was primarily innervated and functionally
controlled by the pair of pharyngoesophageal nerves which arose

solely from the pharyngeal branch of each vagus nerve.

Caudal to the origins of the recurrent nerves, the thoracic
and abdominal vagi supplied and controll=d the caudal thoracic and

abdominal portions of the esophagus.

The vagus nerves innervate and are involved in the normal
function of the gastroesophageal junction, since bilateral cranial
thoracic vagotony considcribly altered the ectivity of this region.
However, double caudal thoracic vagotomy appuared only slightly to

affect the function of the gustroesophageal junction.

Surgical approaches for transection of these cesophageal nerves

have been investigated and the various techniques are described.
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COURSE OF THE CANINE ESCPHAGUS

IWTRODUCTION

This description is based on observations of twenty one

dissections for this thesis and elaborates the earlier account by

Miller et al. (1964).

ESOPHAGEAL RIBEGIONS

The canine esophagus is a tubular musculomembranous organ
which connects the pharynx with the stomach and conveys food frono
one organ to the other. In this thesis it is divided into

cervical, thoracic, and abdominal portions.

Cervical Esophagus:

The cervical portion tegins at the pharyngoesophageal junction
opposite the middle of the axis dorsally, and the caudal border of
the cricoid cartilage ventrally. Externally, the pharyngoesophageal
junction lies at the caudal border of the cricopharyngeus nmuscle

where this latter structure blends into esophageal muscle.

Although the esophagus commences in the midline. it immediately
inclines to the left so that at the thoracic inlet it usually lies on
the left side of the trachea, varying in position from left dorsal to
left ventral. The cervical esophagus is mainly related to the left
longus colli et capitis muscles dorsally, and the trachea ventrally

and to the right.
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On the left side, in the groove between the esophagus and
longus capitus, lie the left common carotid artery, vagosympathetic
trunk, internal jugular vein, and the tracheal lymphatic trunk.

On the same side in the tracheocesophageal groove lie the left
recurrent laryngeal nerves and small vesscls. Conversely on the
right side, all the corresponding structures are lateral or
dorsalateral to the trachea. The cervical esonhagus becomes

continuous with the thoracic esonhagus at the thoracic inlet.

Thoracic Esophagus:

The thoracic portion of the esophagus can be subdivided into
cranial and caudal parts, with the junction between the two at the
level of the tracheal bifurcation. Some authors, however, prefer
to describe this portion in relation to the heart, and consequently

divide it into the precardiac, cardicc and postcardiac parts.

The esophagus passes through the thoracic inlet ventral to the
subvertebral musclas and on the left side of the trachez, and then
passes through the mediastinum to the diaphragm. In this area the
thoracic esophagus is situated in the most dorsal part of the
mediastinum ventral to the thoracic vertebrae and to the longus
colli and, more caudally, quadratus lumborum muscles. Here the
esophagus is separated from these muscles, as in the neck region,

by the prevertebral fascia.

In the wide dorsal part of the precardiac mediastinum, where
the esophagus lies to the left of the trachea, the left common
carotid artery crosses and makes a deep indentation on its ventral

and left surfaces immediately caudal to the thoracic inlet.
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Continuing caudally. the esophagus obliquely crosses the left
surface of the trachea and comes to lie on its dorsal surface at the
tracheal bifurcation. ™o reach this median position, the esophagus
crosses the right aspect of the aortic arch, and in so doing is
usually deflected to the right of the midline by the aortic arch
and proximal descending aorta. Also dorsal to the heart and
cranial to the tracheal bifurcation, the esophagus passes between
two large blood vessels: on the right, the arch of the azygos

vein, and on the left, the arch of the aorta.

As it passes between the pleural sacs the postcardiac
esophagus lies close to or in the midline, The descending aorta
obliquely crosses the left side of the esophagus between the fifth
and ninth thoracic vertebrae and, from the sixth vertebra caudally,
the thoracic duct and azyges vein lie on its right dorsolateral

aspect.

More caudallv. the esophagus takes a slight ventral dip to
enter the esophageal hiatus of the dianhragm. This hiatus usually
lies just to the left of the midline, and through it also pass the

dorsal and ventral vagal nerve trunks and some small vessels.

In contrast to the esophagus in the cranial thorax, where it
appears somewhat restricted and compressed by the trachea and
adjacent structures, the thoracic esophagus distal to the tracheal
bifurcation is released from these constraints and is freely

suspended from the dorsal body wall by the mediastinal pleurae.
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Abdominal Esophagus:

The abdominal or terminal portion of the esophagus is very
short and wedge shaped. The lumen of the esophagus ends at the
cardiac opening of the stomach and the wall merges with similar
gastric layers ¢ short distance distal to the esophageal attachment
of the phrenicoesophagesl ligament. Since the termination of the
esophagus on the stomach is in an oblique dorsoventral plane, the
ventral part of the gastroesophageal junction lies at a level
slightly cranial to the dorsal part. Consequently the esophagus
distal to its diaphragmatic hiatus immediately joins the stomach
corsally, but ventrally makes an impression on the caudate lobe

of tThe liver before joiring the stomach.

The gastroesoohageal junction usually lies ventral to the
last thoracic wvectebra hut nay vary a vertebral segment cranially

or caudally,

Lumen Diare:. v

Throughrout the course ¢f the esophagus the lumen diameter
varies. According to Miller et al. (1964) the least distendable
parts of the esophagus are at the pharyngoesophageal junction, at
the gastroesophageal junctinn, and where it passes through the

thoracic inlet.
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STRUCTURE OF THE CANINE ESOPHAGUS

INTRODUCT IO

A number of accounts of the structure of the canine esophagus
are available (Chauveau, 1891: Goetsch, 1910; Sisson, 1953:
Trautmann and Fiebiger, 1957; Botha, 1958; Meiss et al., 1958-
Bradley, 1959; Nickel et al., 1973; Mann and Shorter, 1964;

Miller ct al., 1964), but only in the latter two has the entire
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organ and its tunics been described in detail. The only histological

study of each of the structural tissue layers throughout the length
of the canine esophagus was that made by Mann and Shorter (1964).
It is not surprising, therefore, that discrepancies exist,
particularly in descriptions of the fibre arrangement in the
muscular coat, in the presence or absence of an anatomical
gastroesophageal sphincter, and in the level of the squanocolumnar

epithelial change.

In this present study the histological features of the
esophagus were examined in two dogs. Sections were taken from the
pharyngoesophageal junction, the cervical and the thoracic portions
of the esophagus, and the gastroesophageal junction. They were cut

in longitudinal and transverse planes and then stained with either

haematoxylin, eosin and alcian blue, or haematoxylin and van Gieson's

stain.
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TISSUE LAYERS

The canine esophagus is a musculomembranous tubular organ, and
the tissue layers in its wall have been describel by Miller et al.
(1964) as comprising four distinct coats or tunics: an innermost
mucosal tunic, a flexible sutmucosal tunic, a thick muscular tunic,
and an outermost fibrous turic. In addition, Mami and Shorter
(1964) described a gastroasophageal sphincter and a myenteric

nerve plexus in the thick muscular tunic.

Mucosal Tunic:

Standard texts ¢f human histology (Bloom and Fawcett, 1962;
Ham, 1962) recognize three separate layers within the mucosal
tunic: an innermost epithelial lining; a supporting lamina
propria: and a thin layer of smooth muscle. the muscularis mucosac.
Despite this, some veterinary authors diverge from this definition
vhen describing the mucosal tunic, cither to include the submucosal
layer (Trautmann and Wiebiger 1957) or to exclude the muscularis

mucosae (Mann and Shorter, 1964).

The canine esophagus is lined by a stratified squamous
epithelium (Mann and Storter, 1964). Previous workers (Trautmann
and Fiebiger, 1957; Miller et al., 1¢64) have maintained that the
epithelivm is superficially cornified but no evidence was found to
substantiate this claim in the study ty Mann and Shorter (1964) nox
in this present study after observations on two dogs (Figs. 46,

47, and 48),



It is generally agreed that the epithelium is a uniform layer
throughout most of the esophagus, but changes have been reported in

the vicinity of the pharyngeal and gastric junctions.,

At the pharyngoesophageal junction, several authors (Goetsch,
1910; Mann and Shorter, 1964:; Miller et al., 1964; Evans and
DeLahunta, 1971; DNickel et al.: 1973) noted that the esophageal
mucosa was demarca‘ed from that of the pharynx by a plicated ridge
of mucosa, the annular fold. This fold was most prominent ventrally
and caused a local narrcwiig where the pharyngeal lumen meets the
esophageal lumen. Mann and Shorter (1964) termed this constriction
the isthmus esophagi, however Evans and DeLahunta (1971) and

Nickel et al. (1973%) call it the pharyngoesophageal limen.

Near the gastroesophageal junction, the typical esophageal
epithelium changed abruptly to the columnar gastric type epithelium
(Botha, 1958; Mann and Shorter, 1964). This epithelial change
always occurred within the terminal 1 to 2 cm of the esophagus
opposite the dorsal esophageal attachment of the phrenicoesophageal
ligament, and, furthermore, was always proximal to the gastroesopha-
geal junction. According to these workers the junction between the
esophagus and stomach thus did not correspond to the level of the
epithelial change, nor to the attachment of the phrenicoesophageal
ligament, nor to the level of muscle fibre changes: findings which
were fully substantiated in this present study (Fig. 48). 1In
contrast, Gahagan (1962) defined the junction as the point of
epithelial change, which, in his opinion, corresponded to the
junction of the esophagus with the stomach and was marked externally

by the point of attachment of the phrenicoesophageal ligament.



Gahagan thus concluded that there was no such structure as an

abdominal esophagus - a view held only by himself and Allison (1948).

According to Mann and Shorter (1964) the columnar epitheliunm
at the gastroesophageal junction was thrown into prominent folds
with cores of smooth muscle of the muscularis mucosae. Meiss et al.
(1958) described this structure as a mucosal valve or rosette.
However, Botha (1958) stated that no special mucosal folds were
present in the region of the cardiac opening of the stomach in the
dog, but that a sharp crescentic fold arched over the left of the

cardiac opening.

The lamina propria coanrises loose connective tissue of
collagenous, elastic and reticular fibres, small ©Plood vascnlar and
lymphatic vessels., lymphatic cells, fine nerves, and the ducts of

esophageal glands (Fig. 47).

The smooth muscle of the muscularis mucosae was described by
Mann and Shorter (1964) as being sparsely distributed in the upper
esophagus, but increased in quantity caudally until, in the caudal
third, 2 definite layer was formed. This layer was said to be
basal to the glandular elements. Trautmann and Fiebiger (1957)
described the muscularis mucosae as entirely lacking in the cranial
half of the canine esophagus and only forming a continuous layer in
the vicinity of the stomach. However, in two dogs examined for this
present study a well defined muscularis mucosae layer was present
throughout the thoracic and abdominal esophagus (Figs. 47 and 48)
but was present in the cranial region as separated groups of smooth

muscle cells. Moreover, the esophageal glands were always situated
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outside the smooth muscle layer although in the terminal segment the

glands interrupted the muscularis mucosae (Fig. 48).,

Submucosal Tunic:

A broad submucosal tunic as described by !lann and Shorter (1964)
and Miller et al. (1964) comprised glands, blood vessels, nerves and
collagenous connective tissue, which loosely connected the mucosa to
the muscular tunic. This allows the mucosal layer to be thrown into
large and numerous longitudinal folas when the esophagus is empty

and collapsed.

YMann and Shorter (1964) include the mscularis mucosae within
the submucosal tunic, but it seems preferable to regard the

muscularis mucosae as the defining boundary of the mucosa.

Throughout the canine esophagus, glands of a compound tubulo-
alveolar type (Coetsch. 1970- 3isson, 1953) arc a prominent feature
of the submucocal layer. ™iey are greatest in number and size in the
lower third of the esophagus. and disappear from the submucosa
opnosite the site of sanamoco’wmsr epithelial change (7ig. 48).

Most authors refer to these esophageal glands as muccus glands
(Trautmann and Mebiger. 1957: Mann and Shorter, 1964:; Miller et al.
1964: Mickel et al., 1973). However, in a careful study, Goetsch
(1910) was able to demonstrate that "the ocsoph~zoal glands of the
dog are composed of two kinds of cells, mucous cells and serous
demilunes," confirming the statements of earlier workers (Klein,

1879; Renaut, 1897; Helm, 1907). In this present study, numerous
serous demilunes were always present with the mucous glands, and

this association with a constant finding in all fields examined

at each level of the esophagus.
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Muscular Tunic:

Mann and Shorter (1964) repcrted that the muscular tunic or
muscularis externa of the canine esophagus was entirely striated
muscle, except for a short portion of the inner layer at the

gastroesophageal junction.

Bradley (1959) was of the opinion that the muscular tunic
consisted of one unbroken layer. However, Miller et al. (1964 )
described the actual fibre arrangement within this muscle tunic as
comprising two oblique layers of striated muscle fibres arranged in
a decussating spiral fashion, (each layer crossing the other nearly
at right angles), so that the superficial fibres of one side became
the deep fibres on the other side. The longitudinal lines of
decussation being dorsal and ventral in position. This arrangecment
is consistent with the findings of Mann and Shorter (1964) who &lso
found a clear differentiation into two layers with much intermingling
of fibres across the thin dividing laver of connective tissue

(Figs. 47 and 48).

Characteristic changes occur in the muscular tunic at each end
of the esophagus where it joins with the pharynx and the stcmach.
At the pharyngeal end Miller et al. (1964) stated that those muscle
fibres which originated from the cricoesophageal tendon blended
with the most caudal fibres of the cricopharyngeus muscles but were
arranged in a more transverse fashion. These fibres joined similar
muscle fibres from the opposite side mid-dorsally. Subsequent
fibres were disposed increasingly more obliquely so that the

decussating spiral arrangement became established.



The changes at the distal or gastric end have been described by
Sisson (1953), Mann and Shorter (1964) and Miller et al. (1964).
These authors found that in the distal third of the esophagus the
muscle fibres gradually changed direction and the decussations faded

out so that, over the terminal segment, the spiral arrangement was

rcplaced by an outer longitudinal and an inner circular muscle layer,

Gastroesophageal Sphincter:

In contrast to the general agreement that there is no special
pharyngoesophageal thickening serving as an anatomical sphincter in
the proximal extremity of the canine esophagus (Mann and Shorter,
1964; Miller =t al., 1964), therc has been some coatroversy over
the existence cof a distinct anatomical sphincter at the
gastroesophageal junction in the dog. Ixperimental evidence for a
mechanism serving as a physiological sphincter at both these sites

has been well established (Schlegel and Code, 1958; Botha, 1959).

In a histological study, Mann and Shorter (1964) described an
anatomically distinct gastroesophageal sphincter. In the terminal
1 to 2 cm of the esophagus they found that the inner circular
striated muscle laver was abruptly replaced by a thickened layer of

circularly disposed smooth muscle., and stated that this "forms a

distinct anatomic basis for a gastroesophageal sphincteric mechanism”.

The change in type of the internmal muscie occurred opnosite the
attachment of the phrenicoesovhagea’ ligament whereas the outer
longitudinal muscle fibres continued for a short distance beyond
this ligamentous attachment before gradually blending with the

smooth muscle of the stomach (Fig. 48).



Nerve Plexus:

Mann and Shorter (1964) found no evidence for a submucosal
plexus, but a myenteric plexus, containing ganglion cells, vas
present between the two layers of nuscle throughout the length of
the esophagus. Ganglion cells were very scanty in the upper third,
increased toward the middle third, but were apparently absent in the
region c¢f the gastroesophsgeal sphincter. In contrast, Clifford and
Gyorkey (1967) found that ganglisn ce’ls were most numerous in the

region of the cardiac opening of the stomach.

Pibrous Tunic:

According to Miller ct al. (1964) the loose fibrous tunic or
adventitia (Figs. 47 and 48) of the cesophagus blended with components
of the deep cervical fascia in the neck, endothoracic fascia in the
thorax and with the transversalis fascia in the abdominal cavity.

In addition, the esophagus was also largely covered by pleura in the

thorax and by peritoneum in the abdomen.

CONCLUSIONS

The main structural features of the canine esophagus as
determined in a literature review and the material examined in this

present study are:

(i)  the_esophageal musculature is composed of two layers of

striated muscle fibres. They are arranged in a decussating spiral
fashion, except at the distal end where their directions tend to

become more circular (inner layer) and longitudinal (outer layer).
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(ii) an anatomical gastroesophageal sphincter, is present in the

terminal 1 to 2 cm of the inner muscle layer, and comprises a

thickened layer of circularlv disposed smooth muscle.

(iii) thc abrupt change from stratified squamous csophageal

epithelium to columnar gastric epithelium, occurs within the

esophageal tul:e, 1 to 2 cm proximal to the gastroesophageal

Jjunction.

(iv) the phrenicoesophageal ligament attaches at the level of the

mucosal change, and thus a snort abdominal esophague does exist.

(v) a myenteric plexus with ganglion cells, is prescnt between

the muscle layers.

(iv) the esophageal glands contain mucous cells and serous

demilunes.
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SURGICAL 7T C'NIQUFS WOR FXPFRIMENTAL NEURFCTOMIES

O™ THF VANAS MPRVES A’ "FTIR PRATCHES

Bilateral pharyngoesophageal neurectomy (Group;l).

Fach dog was placed in dorsal recumbency, and the skin over the
cranial half of the ventral neck region was clipped and prepared for
surgery. One midventral skin incision was made, extending caudally
from the level of the basihyoid bone to about the middle of the neck.
The basihyoid was readily identified as the transverse bony ridge
immediately cranial to the thyroid cartilage. The incision was
extended by blunt dissection through the subcutaneous muscle and
underlying connective tissue (purt of the superficial cervical
fascia) until the sternohyoideus muscles were cxposed. The large
transversely lying hyoid venous arch, ventral to the basihyoid bone

was carefully avoided.

The sternocephalic muscle was ref”ected laterally and the blunt
dissection continued dorsa’ly at the level of the cricoid cartilage,
remaining close to the lateral borders of the ipsilateral muscles
(sternohyoideus and sternothyroideus) lying on the ventral and
ventrolateral aspects of the trachea. Care was taken to isolate
and leave intact several large nerves which, running in a

ventromedial direction, supplied these muscles at about this level.

Immediately dorsal and cranial to the insertion of sternothy-
roideus, the external branch of the cranial laryngeal nerve was
observed as it passed along the pharyngolaryngeal border to
innervate cricothyroideus deep to the proximal end of

sternothyroideus.



On reflecting the carotid sheath and contents laterally, the
caudal pharynx and the proximal cervical esorhagus were visible
and the pharyngoesophageal junctinon was identified dorsal to the
cricoid cartilage. The small pharyngoesophageal nerve was found
running caudoventra®ly over the dorsolateral aspect of the pharynx
and passing on to the ventrclaters! wall of the cervical esophagus.
In five of the twenty one dogs dissected two trunks were present.
In one other casc no main trunk was present but a mass of fine
nerves in a broad band spread over the wost caudal part of the
pharyngeal musculature and on to the esophagus. These nerves lay
in particularly intimate contact with the muscle fibres of
cricovharyngeus and the escphagus so that somc musclce tissue was

excised when the nerves werc transccted.

The pharyngoecsophageal nerve was isolated and transected at the
pharyngoesophageal junction closc to the tracheoesophageal groove.
This ensured that any innervation from this nerve to cricopharyngcus
remained intact. The same procedure wos used for the opposite side
from the same midventral skin incision. A square wave electrical

stimulator assisted in identifving these nerves.

Bilateral cranial thoracic vagotomy (Group II).

Each dog was placed in a left lateral recumbent position with
its right forelimb drawn forwards. A skin incision parallel to and
equidistant from the ribs was made over the second intercostal space

for most of its length.
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The muscles overlying the intercostal space were transected in
the order, cutan=us trunci, latissimus dorsi, scalenus, serratus
ventralis, followed by the intercostals. Iatissimus dorsi was
split parallel to its muscle fibres {oblique to the skin incision),
while all the other muscles were transected parallel to the skin
incision. The pectoral muscle group was reflected ventrally, and
those muscles lying along the caudal border of the scapula were

reflected cranially.

A pair of hand held band retractors provided a more ssatisfactory
operating fieid than a pair of self retaining Cosset's retractors.

The lung was packed off with warm saline moistcned towels.

The ansa subclavia was identified 1ying over the caudoventral
surface of the terminal part of the right subclavian artery. The
large costocervical-vertebral venous trunit wvas related

caudoventrally to the subclavian artery.

The vagus nerve was isolated and transected immediately caudal
to the middle cervical ganglion, this point being medial to the
right subclavian artery. The neurectomy site was chosen so that,
distally, the ansa subclavis remained attached io the vagus and,
proximally, the svmpathetic trunk remained in connection with the
vagosympathetic trunk. According to Mizeres (1955, 1957, 1958)
this would leave intact the great majoritv of svmpathetic fibres

on the right side.

As soon as the right thoracotomy wound was closed, the anim~l
was rolled over and placed in a right lateral recumbent position

with its left forelimb drawn forwards, so that the left vagus ner<=



could be approached through the second intercostal space on the

left side.

On the left side the relationships are slightly different with
both the ansa subclavia and the sympaihretic trunk terminating as
one, or close together, on the middle cervical gangl’ion. The main
part of the left thoracic vagus nerve and all the small nerves
passing caudally from the middle cervical ganglion were transected
immediately caudal to this ganglion, but the ansa subclavia and

the sympathetic trunk remained intact.

On closing the thoracotomy wound on each side using Lconard's
(1968) nethod, monofilament nylon was used to bind the ribs
together. However, it was found that the second and third ribs
were too rigid and too far apart to enable them to be drawm
together for good surgical closure of the intercostal space.
Subsegquent problems with pneumothorax resulted and the first dog
(O€) died seventy two hours after the operation. The problem was
solved with the remaining dog in this group by opecrating through
the third intercostal space and a satisfactorv closure of the

thoracic cavity was achieved.

Recurrent laryngeal neurectomies‘igrouR_Illl.

The actual thoracotomv op