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ABS"rltAC'l' 

The anatomical dis lJOs i t ion of the branches from the vagus nerves 

to the entire canin e  esopha�u.s w e re inves tit;at ed and. the effects of 

various nerve trans ections 011 es ophageal function uere observed 

radio&;raphically. 

'l'uenty one aclult uongre l  clotjs trere carefully dissected; 

f ou::.'tGGi.l were dissecte1 as fresh s pec iuens and seven -.;.rere forn.J.lin 

ernbalmod anu dissocted lator. 'c.'en of thc::;o do.::;s hc.d previotl.:Jly 

undergone various s"J.rgical nc17e tl'd.,_l.scc tions: bilatcJ·.:::. l 

phar:y11goosophat_;oal neurcc t ony, bila toral c ranial thorr1cic vagotomy, 

t r:::msoct.!_on of recurrent lal'YTleoal nerves at thci:;.· o ricins , clouble 

bila torul cranial thor.:::.cic vagotouy, and c audal tlwr8.cic va::;otouios. 

The sur:.:;ical approachetJ for trans c:::cti on of these esopl1c.geal aGl"'Tes 

hei·v-8 beun iEvos tig.ltocl 2.�1d the vo.1·ious t eclEliques are dc[:c rib ed. 

Lsopha0eal funct ion before and after nc:::rvc t rans ect i on ;m .. J 

s tudied radiographically, G::>pe:ciu.lly by cineradiography; all 

radiographs were made on c o nsc ious deG;�J, t rained t o  ::d;ancl L1 a 

non:na l p o s it i on freely eating bari"LU•i iwpre(.)'latod illeal frora a bm;l 

placed innedia te ly in fro:..1t of tlleir forepaws. ili.l.dioe:;r2.phic 

cbs crvati ons Oi.l esophagcal motilHy Here i!!ade on fifteen additioD.:::.l 

app...1rently normal dogs . 

Contrary to st .::mda:tu text s ,  it vras found in the present study 

that each parent recurrent laryngeal nerve was always divided int o 

tv1o trunl.:s: the recurrent laryngeal n erve proper ullich cours ed 

direc tly to and tennin.ated in the ipsilateral intrL.1sic laryngeal 

muscles (excludine:; cricothyroideus), and a more dorsally lying 

pararecurrent laryngeal nerve I'Thich coursed parallel to the 



recurrent proper but freely supplied many branches to the esoplW.f,'1.tS 

and tra chea . '�hesc es ophagoal branches vfere especially numerous on 

the left side, as the left pnrarecurrent nerve richly supplied the 

crani::.l thoracic e;Jo;_>hagus as uoll as the cervical portion. 

Ho1-wver, the right pararocurrent nerve supplied the cervic-'3.1 

esophag·us only. Bach pnrarocu2.·rent n<:!lVe thon toriilLJ.a.tod in ·cho 

anas t oLJ.otic rru,:us from the inturnal branch of tho ipc;ilatoro.l 

crani.'.cl lai"J11[;eal nerve. 

From the exporiilental s tuJies it \·Ta:J concludecl that the 

recurrent laryngenl nGlvos vrere f1.mctiunnlly in-volved uitll tll(; 

cra..fli8.l t> .oracic osophagt�G, since this rogio11 vras co,ipleto:;_y 

po.ral:_yrscd follouing bilateral rec·Llrront laryngo.:-'.1 neurecto::..::;r. 

;:)oulG dysfunction \:c.s aloo aoGn L1 the ccrvic:.::.l esop·�J.agus after 

this operation. 

The cerv icccl esorhaQ.ill \'TU.S vrimarily innc:rvc.tcd and fcmc tional ly 

controllocl by t�1e pair of pharyngocsophaccal nerves 1-1l1icll arose 

solely from t:·w pharyngeal br.:1nch of eac}l vs.c;us nerve. 

Cauclal to the orii:!.·ins of the r ocur:cent nerves, t he tllor:.:;.cic 

aud abdouinal va;;:;i supplied and controlled the caudal t horacic a1J.d 

abdominal port ions of the 03o�ha�1s. 

The vagus nerves in..'lervate and are involved in thG nor_al 

function of the gastroesophc,.::_;cal j1.mction , since bilateral c:canial 

thoracic vagotomy COi1Sidcrably alt ered the ar::tivity of c�1is region. 

Hm-revcr, double caudal thorac ic vatsotomy appeared only slightly to 

affect the function of the gastroesophageal junction. 



In addition, the course and the histologica l structure of the 

canine esophaG�lS has been o bse:;_�ed and described. 

Durine this stu<ly, ro.dioGraphic observatior:s 1:ore repcatecll::,r 

lllude, on apparently noJ.--r:lnl do:r,s, tha. t put in question the va lidity 

of the ct:rrmt ly hel<l concepts o:f esopL8.GG.::t l  p�lj"siolo�y. 

G3opho.gcL'.l co:.1tr, .ction 1-m.vcs did :1ot ncceD3D.rily direct ly foll ou 

oacl1 orophar:y-ngual cleg lutitioll se.1ue;::ce. Suo..lloHcd bolu�ec uu:re 

frequently delayed in the crania l c;}rvical, thorJ.cic inlet, o.ncl 

cr·anial thOl'<.'..Cic ro:;ions of tb.e oso]Jha[;us. Tuenty tuo of the 

ruflt..u:: of material frolli the stol,u.lch into the cetuclo.l t�1or:J.cic 

eso1)ho.gus. lwr·o detailed J:•.:diogrupllic stu<lios of thG nGrll18.l 

canine esophugus under trul�r physiolo[_;ic£:.J conditi oi1.'3 arc 
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In 1838 Reid demonstrated that the vagus nerves were involved 

in canine esophageaJ. function . It vms not until 1899 ho\ve ver, that 

lilel tzer' s study pioneered critical investigations into the 

physiology of this organ in the dog . 

P.J.1 extensive and accurate anatonical description of the 

e sophageal im1erva tion in the (lc;g 1ras provided by Chauveau in 

1891. 'l'he basi s of Chauveau ' s uorlc uas that the cervical porti o� 

of the esophagus 1vas supplied by the esophageal or<:mch from the 

paired pharyngeal nerves, a large uru1amcd branch descending from 

the paired cranial laryngeal nerves, and the pair ed recurrent 

laryngeal nerves. The cranial portion of the thorr.teic esophagus 

vras supplied by t�,e y>roximel parts of the recurrent laryngeal 

nerves and tbe thoracic vaei. 'l'he remaining t!loracic and abdominal 

p0rtions 1·:ere supp:_ied by t11e thoracic and abdominal vagi 

respectively . 

Another major contribution to our kn ovrledge on canine 

es::Jphageal innervation vms vresented by I,emere ( 1932a, 1932b, 1933 ) 

'.vho described the fibre type and distribution of the nerves to the 

cervi c al and cranial thoracic portion s of the canine esophagus. He 

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

nerve v1hich had been recorded previously by Chauveau. 

L"l more recent times :th-rang and his couorkers (H�<rang, 1 953; 

Hvmng, 1954; Hwang et al., 1947; Hwang et al., 1949) carried out 

many detailed experiments on canine esophageal motility and have 

greatly contributed to our knOi.,ledge in this field. In 1948 they 

described the motor supply to the cervical esophagus through the 

1 .  



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 macroscopic 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 most workers confined their 

attention to only one a:rea 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 resuJ. ts are presented 

here. 

In this thesis there are many references to the course of the 

canine esophagus using anatomical terms 11hich need to be clearly 

defined. For this reason Appendix I v1hich describes the course 

and defines the regions o:' the canine esophagus is included. \Vi th 

this information the relationships between the esophagus end 

adjacent structures become more clearly understood, and thus 

enable an accurate interpretation of radiological records. 

The nomenclature used throughout follows the recommendations 

of Nomi na Anatomica Veterinaria 1968. Nevertheless, some minor 

modifications have been necessary to accommodate bm unlisted 

but significant nerve branches. 

2. 



I1A'l'ERIALS AND HE'l'HODS 



Experimental Method: 

This study was designed to investigate the anatomical 

dis position of the bran ches frol!l the vagus nerves to the entire 

canine esophagus and to observe the effe cts of nerve transection 

on esophageal functi on 

Initially, careful dissections were made of a number of 

cadavers to study the nerve supply to the esophagus and , when this 

was establish ed , functional studies were initiated. These comprised 

transactions of various nerves which appeared to innervate 

significant portions of the esophagus, and radiographic observations 

of the consequent effects. When these studies 1'iere completed, the 

dog s were destroyed and their esophageal nerves examined. 

Experimental Animals : 

Thirty seven (37) dogs 1vere used for th e stud y. 

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

and behveen ono and six years old. 

Eleven ad ult dogs (7 males and 4 females) were examined in th e 

preliminary dissections: four (3 males and 1 female) had been 

embalmed and seven (4  males and 3 females ) YTere 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. 1·Jhen 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 hrenty two dogs hrenty one (7 embalmed and 14  

fresh specimens) were dissected. 

Observations on esophageal motility \vere made on fifteen ( 1 5) 

adclitional dogs. 

Disse ction Techniques: 

The dogs were either dissected immediately they became 

available or were embalmed and examined 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 stomach . 

At the commencement of every dissection the ca udal 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 
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the left side. The ventral neck muscles were next removed so that 

the nerves sup plying the cervical esopha�<s could be studied. Fine 

dissections were made of the ori gin and distribution of the recurrent 

laryngeal and pha rynguesopha gea l nel�esc The esophagus, stomach, 

t rachea and diaphra gm remained intact for most of the dissection, 

and the first pair of ribs vTere left _in s_i tu as fixed points of 

reference. 

Small nerve branches vTGr8 examined under a Leitz binocular 

dissectin g microscope , using eyepi eces and objectives with a 

comb in ed total magnificE>.tion of 3. 5X. Numerous photographs -vwre 

taken and sketches mnde at various stages throughout the dissection. 

Emb alming and Specimen Preparation: 

The seven embalmed specimens 1vero prepared in th e follo1-ring 

manner: the dogs -vrere anaesthetised 1vi th intravenous pentobarbitone 

sodium and then exsanguinated using the common carotid or the 

femoral artery. Each cadaver 1·ms then infused through t!1is same 

vessel .-d th an aqueous sol ution containing 6. 4% formald ehyde and 

4. Cf;b p�1enol and after embalming vms stored in a cool room at four 

dee,-rees Celsius for three to ten weeks until dissected. 

However these embalmed cadavers 1vere stiff and dried out 

rapidly. They had an unpl easant odour and the high formaldehyde 

level vras irritating to the dissec tor. Tissues and organs showed 

poor colour contrast and were unrealistic in appearance. 

It was often difficult to distinguish betueen the fibrous 

connective tissue and the small nerves, particularly when connective 
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t issue and fas ci a  remained firmly adh er ent to adj ac ent structures . 

L oc a l  applicati ons of ethyl alcoh o l  whi t ened th e nerves and at t h e  

s am e  time brought about th eir rap id d ehydration . Thi s  probl em 1ra s 

in part nvercome by the us e of a Heak s o lution o f  ac etic acid whi ch 

s o f t ened and par t ially dis s o lved the c o nn ec t ive t i s su e .  Bu t  th e 

appli cation of t h es e agen ts i·ras of l imi t ed u s e  in embalmed mat er i al . 

Four t e en dogs ,,rere di s s ec t ed as f r e s h  S1) ec imens 1 !h en the s e  

dogs b eca'11 e avail abl e they were ana e s t h e t i s ed ",ri t h  intravenous 

p ent obarbi tone s odium and exsanguina t ed through the f emo ral art ery .  

Each dis s ec ti o n  Has c ompl e t ed vri thin f o r t y  eight hours 

Ethyl a l c ohol was ap pl i ed to some of the s ma l l er nerves and 

branch es to 1>1hi t en and help dis tinguis h  them from the fibrous 

connec tive t i s su e . During the dis s e c t i on some areas wer e c o ve r ed 

>vi th n weak a c e t i c  acid so lution to s o f t en and dis so l ve c onn e c t i ve 

tis sue around the n erves . In contras t t o  i t s  l imi t ed us efulnes s in 

embalmed cadaver s , this t r ea tment of fresh s p e c imens wi th ethyl 

Ql cohol and ac e t i c  acid was of c ons i d ernh l e  b en efit in tha t e a ch o f  

th e s e  s o lut i ons mad e f o r  eas i er and c l earer dis s ec t i ons and mor e  

ac curat e ident ification o f  n erves . 

Aft er gro s s  d i s s ec ti ons , th e h ead and n e ck of s i x  fresh 

s p e c imens wer e prepared by a method t-Thi ch was modified from tha t  

d escrib ed by HcCrea ( 1 924 ) Each h ead and n eck was totally immers ed 

f o r  twenty four to forty eight h ours i n  an aqueous solution o f : 

1 . o%  picric acid , 1 . 0%  ac etic acid , 0 . 4% formald ehyd e ,  and 5 . 0% 

glycerol. Specimens pr epared in this way vrere so ft and p liab l e ,  

th e connectiv e tissue could b e  c l eanly and easily diss ect ed through 
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while the nerves relllD.ined as prominent 1orhi t e  s trands in their 

gelatinous sheath s . \lith longer soaking th e nerve fibres s tained a 

bright ye l l o�l colour . Thi s  process vJas of particular us e in helping 

to dis t i nguish b e tween nerve fibres and fibrous connective tissue 

found in the vicini ty of the d i s tal vagal �md the craninl c ervical 

sympath e t ic gangli 2. .  

Using thi s t echnique i t  vJas possible t o  make a detail ed 

examination of the o ri >sin o f  the pharyngoes ophageal nerves and , if 

1vT':lpped in to1Jels mo i s t ened wi t h  fonuJ.l dehyde and glycerol ,  t hen 

pl_aced inside a c:_ osed pl_o.s t i c  bag the snec imens could b e  k ept in 

the c o ol room for a number of days and s -d l l  retain their superior 

appearance over the routinely embalmed cadavers . This treatment 

'tras found to be effective on fr esh mat erial only .  

Experimental Groups : 

From the pat tern of nerve dis tribu t i on obs erved in the ini t ial 

dis s ec ti ons five s eparate nerve trans ect i on experiment s  were 

des igned . The r ef er ence numbers of the dogs in eo.ch group are 

given b elovr in par enthes es . 

Group I : Bilat eral pharyngo esophageal neurectomy 

Each neurectomy wa s at the l evel of t he pharyngoes opha geal j unc tion 

s o  that the nerve branches to the cricopharyngeus mus c l es were l eft 

intact.  (03, 05 ) .  

Group II : Bilat eral cranial thoracic vagotomy 
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Group III : Recurrent laryngeal neurectomies 

The right r ecurrent laryngeal nerve -vras t rans ected ,  and this was 

f o llowed s even days later by l eft recurrent laryngeal neurec tomy. 

Both nerve::; viere trans ec t ed at their origin from the res pec tive 

vagus nerve.  ( 1 4, 1 5 ) .  

Group IV : Doubl e  bilat eral c ranial thoracic vagotomy 

Two bilateral vago tomies were performed on each dog . The vagi were 

initially trans a c t ed immediat ely dis tal to the origin of their 

respective recurrent laryngeal nerves .  Seven days later each vagus 

nerve was again t rans ected , this t ime immediat ely proximal to the 

o r igin of i t s  respec tive recurrent laryngeal n erve.  ( 1 2 ,  1 3 ) .  

Group V : Caudal thoracic vago tomi es 

C audal thorac i c  vago tomi es were performed on t vro dogs . In one dog 

b o th dorsal and ventral vagal t runks Here trans ected in the one 

o p eration (02 ) .  In the o ther dog , the operat i ons comprised a 

dorsal trunk neurec tomy followed seven days la t er by a ventral 

tYunk trans ection (04 ) . 

Surgical Techniques : 

Preparation . A bilateral laryngeal ventricul oc ordec tomy was 

p erformed on each dog b efore c ommenciDg the func ti onal studies 

experiment . This was accompl i shed under thiopentone sodium 

anaesthesia by us ing a large Hartmann ' s  nasal c onchotome in an oral 

approach to amputat e the vocal folds (Archibald ,  1 965 ; Marlow ,  1 971 ) .  
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Since no details were available from the lit erature ,  it  was 

nec essary to inves tigate various surgical approaches to the nerves 

that were to be transected ,  and to develop satisfactory techniques . 

(Thes e are described in Appendi x  I II ) .  The techniques were developed 

after a preliminary experiment involving exploratory surgery on one 

dog not incl_uded in the experimental groups . 

Anaes thesia . All dogs were fas ted for twenty four hours prior to 

surgery . Preanaes thetic medication vras intramuscular atropine 

sulphate (0 . 6 mg ) and ac epro maz ine maleate (0 . 1 5  mg/kg ) .  

Anaesthesia was induced by intravenous thiopentone s odium , fo llowed 

immediately by i ntravenous administration of gallamine triethiodide 

( 1 • 0 mg}kg) to . produce adequat e  m us cl e relaxation. In t;vo dogs 

diallyl-bi s�nor-toxif erine dichloride ( 0 . 05 mg/kg ) >-ras used 

in travenously as an al term.ti ve to gallamine triethiodide. 

Anaesthesia was maintained Hi th a 50/50 mixture o f  nitrous 

_ oxide and oxygen gas es suppl ement ed with halothane vapour ( 0 . 5  to 

1 •. Q%) . In fo ur cas es , me thoxyflurane replac ed hal o t han e. 

A circl e _anaes thetic machine 1-ras used to del iver a fresh gas 

flolj,'" of between two and three li tres per minut e,  and ventilation 

\'/"as controlled by a positive pressure cycl ed respirator.  

At  the completion of surgery, any residual non-depolarising 

muscle  bloc.k . w as reversed by the intravenot� adminis tration of 

neostigmine methylsulphate in 0. 25 mg aliquots . In each cas e  

atropine sulphate ( 0 . 6  mg) was given in travenously imme di ately 

b ef ore the initial. inj ection of neosti&mine methylsulphate. 
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Fluid therapy and pos toperative medi c a t i o n "  Fluid balanc e during 

surgery vms maintained by intravenous admi nis tration o f  a warmed 

solution o f  d extro s e  s al ine . 

Pos t o p erative pain in the firs t twenty four hours was c ontro l l ed 

by int ramus cular pethidine hydrochl o ride . 

Sinc e mos t dogs exhibit ed profus e sal ivat ion dtrring the 

immediate po s t o p erative recovery peri o d ,  up to 7 mg of a tro p ine 

sulpha t e  was adminis t ered intramus cu.lnrly \'ri thin t h e  f irst t1'fel ve 

hours . 

All dogs were inj ec t ed with a prophylactic i nt ramus cular 

ant ibi o t i c  on each of the f irs t thre e po s toperative d ays . 

Rad�ograph i c  Te�hniqu es : 

Rad i o g raphy 1:1as cho s en as the t echnique t o  detect any 

exp eriment a l ly produced po s t o p era ·" ive changes in esophageal 

mot il it y . The equipment us ed vTas a th � ee pha s e  fu l ly r ec t i f i ed 

El ema-Scho nand.er Triplex Opt i ma ti c  1 023 uni t with automa ti c dos e 

control , and inc orporat ed a 2 5  cm d iame t er image int ens i fying tub e 

with the fluoro s copic image displayed on a c l os ed circuit 

televis ion s cre en .  The equipment layout is shovm i n  Figure 1 • 

Plate fil m ,  video tape , and c inematographi c  film ( expos ed a t  b1elve 

frames per second ) wer e  al l us ed to provide a radio logi cal r ecord 

of the exp eriment . Panchroma t i c  35 mm negat ive s af ety fil m  

(Kodak-Eas tman 4X, type 5224 , and Kodak Rfu� , type 2498 ) was us ed 

for the c ineradiological r e c o rd .  
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All radiographic observations were on c onscious dogs in a 

normal standing position . Before being admitted to the experiment , 

the dogs were trained to stand quietly and feed in a normal 

standing pos i t ion on the X-ray table A bowl of barium impregnated 

foo d  was placed jus t  in front of their forepahs , Radiographs were 

then taken , some with the head dovm feeding others with the head 

up in the normal alert pos ition . A feH dogs ivere also radiographed 

whilst s tanding on their hi ndpaws only , after their bodies vrere 

elevated to a near vertical position . 

Hestraint was ahm.ys mi nimal and phar:nacological agents vrere 

n ever admini s tered . A lenther leash 1-.rith a loose choker coll ar 

was all that vms necessary , although in the l atter part of the 

experiment a perspex holding crush was des iencd and put into use 

1 ) • The leash i'ri th collar uas not us Gd Nhen the holding 

c rush ivas in use . 

On each day that r ecords �rere taken, the dogs Here initially 

s creened and then obs erved and recorded as they ate at vd ll from 

t heir food bowl s . The impregnated food 1·ras made up by mixing a 

s table disper s i 'Jn of bariurr. su lpha i.e ( 95% >·r/v ) vri th the normal 

kennel diet unti l the meal attained the consistency of thick 

porridge .  

Regions o f  esophageal dysfunction were defined by closely 

observing interference vli th the pas sage of food,  Identified 

vertebrae were used as reference level s whenever poss ible . 

Each dog was radiographed before surgery , as soon as pos s ible 

after each neurectomy, and then usually hric e  more during the 
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follol'ring hm week s . One dog was also examined forty five days 

aft er surgery. 'l' he exac t days on 1·rhic h radiographic examination 

uere made on each doG" are tc;, bulc. t ed in App en.d ix IV. 

T he dogs w·er e  given no solid foot for t 1rcnt y four hours b efore 

b e:ing fed th.:; impr egnat ed mGD.l , or for four cy eight hours uhon they 

>·i e:r e being e:;.::.-tmined on t he firs t day aft eT .>urge:;.-y • 

. ?hot ogrn phic Tec hniques_: 

All the photoradiograp hs have b e en so pri'1.t ed that in each 

c1w e t he c ranial end of the esophst,'1.1.S lies to�-r�rds the right side 

of the photogrnp:1 

The pho 'c ographs o f  r1:v' iogra;�hic pla t es ha1re  b e en reproduc ed in 

their original n cg�::-. ' :ive fo rn; vi�. the ple..t e [J '.:er() pho t ographed on 

Il ford Rm F n eg.:;.tive 35 mi11 panchr,ma t i c  safe �'-" f i l  : and th8:1 

print ed on positive phot ographi c  prinb.llg paper.  

Although t he c i neradiographic 35 mm filr.:J. P.:L s o  recorded a 

negat ive imnge ,  p ho tographs o f  frames fruFl tl1c cinc ... film ho.vc be en 

rcin·oduced in t hei:r positive form .  'I'his ':ms achi evod by plncing 

t he sel ected frames in a photographic enlarger and printing on to 

pos::.tive phot ographic print ing papor . Att empt s t o  r eproduc e frames 

froill t he cineTadiographs in their original ncgativo form by 

photographing a proj ec ted image uit h  negative film and printiEg o n  

posit ive printing paper , result ed in the loss o f  consid erab l e  

d etai l an d  h8nc e positive reproducti ons have been used. 
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All photographic prints were processed on glossy, singl e weight 

I lfobrom IB3 . 1 P  or IB4 . 1 P  pho tographic printing paper ( Ilford 

Australia Prop .  IJtd. Helb,urne ) .  

Nutri tion : 

'T'he dogs 'tTere fed once 11 day vri t h  commercial pet fo0ds . After 

surgery , each dog 1• D.S carefully obs erved for dys phagia and 

regurgitation , and tho s e  Nith d i fficul t i e:s in eD ting vrere given 

dog meal mixed t o  u. thin consi s tency with ::.:. large que.ntity of milk . 

Some others Here fed on a l iquid d i e t  of milk , glac o s e , a.nd 

commercial cerec.l food .  C lean fresh vncter ,,;.'ls :pro vid ed nt all 

t imes . Ench dog uns kept when possibl e at :t relat ively cons tant 

body Neight by daily -vrcight reco rding ,,i. th comp ens:-;. ting diet 

changes . 

Pos t Eort em Technique :  

During the po s t  mor�;em examinat ion o f  all the neurec tomised 

dogs the si te of each nerve trans ec tion vras careful1y dis s ec ted 

tc verify the si te a:r.d co mpl et en e s s  of the operation . This Has in 

addition to the routiEe nerve di ssection . His tological sampl es 

Nere taken from each nerve di stal to  the site  of t rans ec tion to 

examine for postoperative degeneration 

The esophagus >-Tas also examined for any gross pos toperative 

changes. 



Hist ol ogical � echnigues : 

At the time of each nerve transection a short portion 1-ras removed 

for histological pro c es sing as a normal control , During the pos t  

mortem examination o f  each exp er i :11en tal_ dog a similar sample ( 0 .  5 t o  

1 .  0 cm)  uas taken di s tal t o  tl: e po int o f  t rans e c t i on 

Al l nerve spec iuens �·iere fixed in 1 Cf� formal se.' ine , emb edded 

in paraf fin 1·mx and s ec t i o n e d  transversely From each of the 

resu l t i ng hien ty specimens three secti ons rTere t re9.t ed as follows : 

(a )  One 'tTaS section ed at ten micromet ers in thickness and 

s tained by i iarchi 1 s metho d for degenera ting n erve as mo dified by 

Disbrey and Rack ( 1 970) . nouever , no inforhla t i on 1·ms availabl e as 

th e results  uere unsatisfactory ,  pos s i bly due to advers e f.:.w t o rs 

vrhicb Disbrey and Rack ( 1  J?O) not ed vrith  the i'Iarchi method vi z :  

i )  forma l sal ine fixation prolonged b eJond s eventy hro hours , 

i i ) paraffin b l o ck proc essing before dichromat e and o smiun 

t etroxide trea tments , 

ii i ) l o s s  of s tainab l_ e  fatty acids from t1e n erve tissue -v;hen 

Harchi ' s  reaction is applied to individual s ec t i ons , 

iv) inadequat e interva: b e tween tran s e c t i on and fixation . nost 

vrorkers hs.ve obtained good res�,_ '. ts on degenerating nerve 

removed ten to sixty days after trans ec tion but the 

interval in the pres ent experiment v1as , in all but tuo 

cas es ,  not more than eighteen days . 

(b ) and ( c )  Both s ections were cut at  a thickness of  five 

micrometers and stained vdth  haematoxylin ru1d eosin,  and van Gieson ' s  

t echniques respectively ( Culling , 1 963 ) . Details of these procedures 



ar e given in Appendix V. 

Th e van Gieson counterstain provided b oth a sharper colour 

differentiation of tissues in the nerve t ruru�s and a b ett er 

c ontras t f or photomicrography than the haematoxylin and eosin . 

The sections 1,rere examin ed. and phot o graphed under a Lei t z  

Ortholux binoc._,�lar l ight mi c ro s cope HHh a Lei t z  Orthomat photo­

graphic unit us ing 1 OX eye n i eces and 4X v,::;:,  ?5X ,  4m�, and 1 OOX 

( oil immersi on ) o1)j ectives 
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RESULTS 



Anatomical Obs ervations : 

From dis s e c t ions on twenty one dogs it was found that the nerves 

to the canine es ophagus may be conveniently divided int o thr e e  groups 

for descriptiv e  purpos es : 

i )  the right and l eft pharyngo esophageal nerves , 

ii ) the right and l eft rec urrent laryngeal nerves , and 

iii ) the right and l eft vagus ne rv es dis tal to the origin 

of the recurrent laryngeal nerves cont inuing as the dors al and 

vent ral vagal n erve t runks . 

Pharyngo es ophngeal nerves 

In ev e�J dog , both right and l eft pharyngo es ophageal nerves 

f o l loued a s iLilar basic pat t ern of o rigin and dis t ribution 

( Figs . 2 and 3 ) . 

The pharyngo es ophageal nerve ahmys t o ok its o rigin from the 

pharyngeal ramus of the vagus nerv e  (Figs . 4 nnd 5 ) .  In each c as e ,  

the large pharyngeal ramus of the vagus aros e f rom the cranial p o l e  of 

the dis tal vagal ganglion on its v ent romedial as pec t ,  or frohl the 

int erganglionic vagus at a po int imm ediat ely cranial to the dis tal 

ganglion. 

In nineteen dogs a c onspicuous c onnect ion was found behteen the 

proximal part of the pharyngeal ramus of the vagus and the more 

c ranially s ituated glos s opharyngeal nerve . This was in the form of 

either a . singl e l�rge c ommupication or two or three smal ler 

communicating· branches . However, in one of the remaining dogs the 

c ommunication was. lacking on the l eft s ide , �e in the other dog 
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no vagoglossopharyngeal communication was visible on either side . 

In thes e lat t e r  two cases the gl os sopharyngeal nerve was repres ented 

by its large lingual ramus and the caro t id s inus nerve . 

The pharyngeal ramus of the va�us uas short and always te:roinated 

by dividing into b e t v;een four and s ix main branches . The mos t cranial 

branch was the larges t singl e branch and cont inued ros t rally, dis tal 

to the vagoglos s opharyng oal cor.mmnication as the s o  called " pharyngeal 

ramus of the glos s opharyngeal nerve . a C ont :;.nuing caudally, the 

middl e group of thes e te rminal branches d iv ided into l es s er branches 

"l'lhich in turn ra.ruif ied in the hyopharyngeus mus c l e . 

The most caudal branch of the pharyngeal ramus of the vagus 

was the ro ot of the pharyngo es ophageal nerv e . In fourt e en dogs the 

pha1yngoes ophageal nerve o� both sides o riginat ed proxioal to the 

level of vagoglos s opharyngeal c onnec t i on (Fig . 4) .  On the other hand , 

in one dog this nerve "lvas fo und to o riginat e  on both s ides dis tal t o  

the int e rnerv e c onnec tion , whi l e  in four dogs the s it e  o f  nerve 

origin on one side was proximal and on the o ther s id e  was dis tal to 

the vagoglos s opha ryngeal c onnec tion. 

In none of the tlventy one dogs dissected, was there any direc t 

cont ribution from t he glossopharyngeal nerve to the pharyngoes ophageal 

nerve . 

From its single origin , the pharyngoesophageal nerve passed 

caudally and ventromedially to reach the dorsolateral aspec t of the 

pharynx . In this c ourse the nerve pas sed over the ventral surface 

of the cranial cervical sympathetic ganglion from which it always 

received a c ontribution. 



In thirteen of the spec imens dis s ected ,  the pharyngoesophageal 

nerve lay as a dis tinct nerve free from the c ranial c ervical ganglion 

but was c onnected to it by a short nerve trunk ( Fig . 4 ) . In the 

remaining eight s p ec im ens however , it appeared to aris e entirely from 
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a large nerve ro ot that originat ed f rom the ventror:1edial surfac e of t he 

c ranial c ervical ganglion near its caudal pol e .  ·rhe great er pn.rt of 

this nerve root >·Ias dis t ribut ed t o  the region of the carotid 

bifurcation . It was only subs equent to the t reatment of s ix fresh 

spec im ens by a modified NcC rea ( 1 924 ) technique and careful dis s ect i on 

that the exact nature of the nerve vias clearly demons t rat ed . In ev ery 

c&s e the pharyngo es ophageal nerve was s e en to a ris e from fibres in 

the int erganglionic vagus , then pu.s s through the bas e of the 

pharyngeal rarJus of the vagus , ac ros s the ventral surfc.c es of the 

dis tal vagal and the c ranial c erv ic al ganglia , and finally emerge 

from the sympathet i c  nerve ro ot as t he definit ive nerv e  (Fig . 5) . 

This group of vagal nerv e  fibres vias firmly and c lo s ely bound t o  tJ.1e 

adj ac ent surfac es of the ganglia by st rong fibrous tis sue , but c ould 

be s een as a fine yel lovl thread lying in the imDediat e periganglionic 

c onnect iv e  tis sue . 

Aft e r  receiving a f ibre contributi on from th€ c ranial c ervical 

sympathetic ganglion , the pharyngoesophageal nerve emerged from t he 

sympathet ic roo t  or pas s ed medially to it , and c ontinued caudally 

over the lateral surfac e of the pharyngeal mus culature . For the 

initial part of this c ours e it was related medially to the asc ending 

pharyngeal artery. Hov1ever, in four dogs on the right s ide and ono 

dog on the l eft sid e ,  the pharyngoes ophageal nerve divided so that 

one branch pas s ed on either s ide of the artery and then rej o ined . 



The pharyngoesophageal nerve did not supply any branches t o  the 

hyopharyngeus lilus cl es . In one dog , on t h e  right side only, tho 

definitiv e  phar-yngoes ophageal nerve rec eiv ed a sr:1al l t er.ninal hrig 

frotJ. the most caudal of the b ranches of the vagus nerve 1-1hi ch 

suppli ed the hyopharyngcus mus cl e .  

1 9 .  

Caudal to t h e  as c ending pharyngeal art ery , the pharyngoes o phageal 

nerve lay firmly appli ed to the lat eral aspect of thy:ropharyngeus and , 

more caud.ally c ricopharyngeus , t o  both of uhich it supplied n1.Ll e rous 

fine nerve branches . 

In all but t wo dogs , and then on one side onl y ,  a colill!llll1ic.::tting 

nerv- e  branch 1vas s e en to pass from the pharyngo esoph<..i{;eal ne:cvo t o  

the ext ernal branch of the cranial laryng eal nerve . \lbon 1)re:::: m1t , 

this c onnec tion uas made .::tbout midv;ay al ong the c ours e of the 

ext ernal branch (Fig . 3 ) .  In three cas es , two cowmunica ting brc:mcl1es 

were found but only on th e ono side . In hro of tho dogs , thos e 

c onn e c t i ons \wre from b o th the paren·i:; c ranial laryng eal norvu nnd 

i ts ext ernal b ranches Hhile in the other dog both c orillllunicating 

branches aros e frou the proxihlal port io n  of the cra nial laryngo�l 

nerv e . 

As t h e  pharyngoes ophageal nerve pas s ed over t:1e c ric opharyngeus 

mus c l e  it usually remained as a single t runk .  Ho>·rev er, in five dogs 

the nerv e divided into tvTO main branches , alld in one other dog no 

nerve tunks ''�"e re s een , in th eir plac e be ing a mass of fine ne rv es 

arranged in a broad band . 

At the pharyn{3'o cs ophageal junc t i on , a fine nerve fil.::l.l-"cmt loft 

the most ventral divis ion of the phar�rngo es ophageal nerve to ent er 

the recurrent laryngeal nerv e .  'rhis b ranch was pres cmt in fifteen 

dogs . 



1ne thyroid gland and r egion was supplied by a branch fron either 

the pha ryngoesophageal nerve or , equal ly as frequent , t h e  ext ernal 

branch of t h e  cranial la ryngeal nerve . 

T h e  pharyngo ouophageal nerve Has then d is t r ibu t ed to the 

cerv ical csophagus by t he one or t vm .�ta in trJ.llks and sraaller 

branches ( F'ig . 3 ) .  The es o ph�tgeal part of each nerve a ros e near t h e  

t rach eoesophagec::'l groove a t  the l evel of t�1e pha ryngo esophageal 

border, and then branch ed ov er tilC v ent r a l  a...l'ld lateral aspects of 

t h e  es ophageal rauscu l a t ure in a s t ra i ght and alr;w s t  regularly 

d ichot omous raanner . Thes e nerv e  branches vrere very clos ely a:ypl i ed 

to t he esophageal mus cle f ibres , and ro.pidly penetr.J. t ed into the 

d e ep er layers . Fine branches could be i; raced to about the l ev e l  of 

t he f if t h  cervical v ert ebra in t h e  cau d a l  third of t he cervico.l 

esophagus . 

Hecurrent laryngeo.l nerves 

Since the origin and d istr ibut ion of the t-;m recurr ent luryngeal 

nerves d iff er, it is neces s �ry to d escribe each nerve s eparat ely . 

Hovrev er , both nerves ha d a s :i.rJi lar bas ic pat tern ( Fig . 2 ) . Both 

orig inat ed frow t heir r esp ective vagus ne rv es in the cranial half 

of the t horax and t hen cur l ed dors a l ly a round the caud a l  surface of 

a large a d j acent art ery - on the right sid e , the subclavian art e�J ,  

and on t h e  l eft side , t h e  a rc h  of t he a o r t a  and the ligamentum 

art eriosum . From this point they bo th passed crania l ly on t h e  

trache a  to penetrat e  the l a rynx .  For most of their course , each 

recurrent laryngeal nerve was paralleled by a similar but slightly 

sraal l e r  nerve lying more d o rs a l ly - t h e  p a ra recurrent l a ryngea l 

nerv e .  
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Right recurrent la:cyngeal ne rv e  

The right recurrent l aryngeal nerve 1•ms forweC. from the right 

vagus nerv e  opposit e ,  o r  jus t c re..nial t o , the f irs t rib in the c ranial 

ext ens ion of t�ne cranial thoracic mediastinum .  Tl1e p o int of origin 

\·ro.s on the m edial aspect of the vo.gus and v<as ahmys ilili.1ed.intoly 

caudal to the right middl e c ervi cal sympathe tic ganglion but c ranial 

to the po int of c oru_'llunica t i on between the right ansa subclavin .md the 

right vagus nerv e . Frmn this origin , the right recurrent larynceal 

nerve l oft the vagus and cu1•l ed around the caudal and d ors al surfac es 

of the right subc lavian a rt ery ,  to l i e  on t l1e t rach ea .  ODe o r  tuo 

cardinc nerv es Here detached from t he recurron t nerve at tlli::.; point . 

Immediat el y  af ter its o rigin , t1w richt recurrent la:rynt5 GD.l ner-v e 

aluays .iivided into tvm main t runks : vent r<J.l ly, th0 recurrent 

l<:cryngenl n e rv e  proper 8.nd dors al l;y , a s l ightly ::;r,1c.ller tru;1l: - t�1 e  

pnrarecurrcmt lnryngeal n e rv e  ( I·'ig . 6 ) . The dis t inct div i;:: i on L1t o 

hro nerves at this l ev el uas c l eurly O"vid ont in o.1ly twelv e do ._;::; . 

In the remnining nine do es ,  th8 division �-T ..... G not clj_ipnreD.t unt i l  the 

nerve had pas ro: ed a short di s t ance cranial to the Lwr:tcic inl et . 

Ho'.7ovor,  aft er thes e  spGc iJJons hnd b e en t re:tt o t� uith acetic nc id , 

tl1e COlliillon t runk uas readily s eparat ed into the tl·ro U.ivisi oas as f:1r 

back as their vagnl origins . His t ological exawinat i on rev eal ed t uo 

scpnratc ne rv e  t ru  .. nks \vi t hin a c ommon fibrous sh eat:1 ( ng.  44 ) . 

As it pas s ed c ranial ly from t h e  subclavian art e r;;" , the right 

recurrent laryngeal ne 1� e  lay on the t rachea near the midv entral 

l ine , and then gradually pas s ed dors o c ranially over the right 

l at eral fac e of t he c erv ical t rachea . Although this nerve gave off 

a f ew· small twigs to the tro..chea it pas s ed without interrup tion t o  
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penetrate the larynx at the dors olat eral border of th8 first t rachcw.l 

ring . Here th e; n e rv e  became the right caudal laryngeal nc:rvo �::.nd 

s id e . 

nerv e la�r on the trac h eal sErfac e at a l ev el v0:.:;c roc. cdial t o  t:1e 

v�'..__.;'OSytilpn-Ghet ic t runk and tl1e COiliuon c J.ro tid o.l··c cJ:·: 

lX:.rc.rucurrent laryngeal :;.1ervo ran do rs Rl t o ,  D.Il<l p .. ::.:;_·.::-.llol i-ri th 1 the 

ri,:):t rocur1·ent laryngo:c�l nerve pro p e r ,  and haG. V2. l'i.:;.�; l o  ar�.c�c t m.lO :.; Gs 

Hich it o.lonc its c o ur3 c ovo1· th e rigl1t l a t c:..·al D.s pcc t of t he 

tru.cheo. . Despite thes e an,J.s t o;J.o s os , th e pa:;_·a :··ucl�rro:c1t n erv e  uas 

o.lunys c l early clis t ingui sh:,bl e from the recurro:�t !1 e r1.r e  prope:c 

( Fie;· . 6 ) . 

1\c; 0.:1ch of these right r:.:?curl'C:1t laryng c.::cl ·�.o:cvos �)D.ssecl . .  o dL:.:;. 

t o  the right 1.i iddlo c c rv i c [�l ,;"3-:Llglion , it :cc;c c ived. ono O:i..' Jc .:o :JC!all 

In 11i11o dogs , d tl1ird rocurrc11t br�11ch. -,_;8.;.; p r o s  c:·!t o�.:. -c �.!.G 

richt s ide . T:his ;_;hort ne1v c  t o ok its o riG"i;:J. frou the rcc;ion of' 

c o:..·Ewctio�1 bctuoon the richt vo.gu.c ne rve and the aEo<'t subcJ -:.:via , 

[.:;.ld then pas s ed d orsal to tho s:yrrnpa t�wtic trunL to j o in vri t�•- ti;.a 

right pararecurre:c1t lC.I"JilGOO.l nerv e  a short di st2.nc c, crililinJ. to the� 

middl e c ervic�l gcrrgli on . In one s poc imon hmwv cr , thi:J no1vc o.To se 

frm.1 tho :root of the right recurrent lar-Jngeal :.1crv c .  'J.1hesc r�orv<Y; 

fu1•nishod many f ine branches to th e t rachea in tho cr.::'.�l.inl ·c}wrac ic 

and thoro.cic inl et regions on the right aide . 

The right pararocurrent lar>Jng eal nerve gc.\· o off ;·.1any largo 

and srmll branches along its courFJ e ,  s omG of "'rl1icb. t ennin.<J.ted i� 
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the trachea whil e others pas s ed dorsally over the tracheal surface 

to penetrat e the c ervical eso�)hagus (Fig. 6 ) .  'l'he latter 1:1ere either 

sne:lll direct nerves , or larger branching and ano.stm:ws ing ne rv es . 

Since mos t of the c orvical es o:,;hut:,us was disple.c cd to tho l oft , 

these f ibros pas s ed c omplet ely ov e r  th e dorsal aspect of the tru.ch cc, 

to reach th eir ond organ . 

At the l evel of the s cv o�1th t rc.cno.::tl rii1G Jcho right pararocurre:nt 

nerv e  j o ined tllC right recurrent nerve , to f O l-,;}  a .::: in[Sl O ncrvG tru11l� , 

this poL1t b eing r.1arked by tl10 f .:mning out of iJO.il�' br.::tnchos to t he 

trachea o._rld cs o:tiho.gus (Fig . 6 ) .  'l'his s iDgle nervu t rurL.c then 

c ontinued c ranial ly and ponetrc.t ed the c audal laryrc: bGneatll the 

cric o id cart ilo.c; G . Hev erthe l cs s ,  c areful dis FJ Oc tion after u.c ctic 

acid troatwont c l o.:1rly dGl!lons t rat Gd tvTO s eparat e nerves 1..-ithin a 

c oumon ::>hoo.th , or t uo nerves lyi rl;_:S in c l o s G  appo c i t ion . His to logical 

Gxanination c o r.f irr:.!od this arrange!Jccnt (I'ig-.::: . 1 0  and 1 1  ) • 

Jus t as the right pararecurrent l a ryn..;-eal nurv o _:)e:1ot rat Gd the 

larynx i t  rec eived a f il1C anas tonot ic bra!lCh frolil th e ric;ht 

phm::rngo e s o :ph2geal J.1.erv c .  This an�·.s t o11os i 3  uas pres ent in fift een 

dogs . 

�li thin the la:rynx t h e  hm recurrent l .::tr-Jllgoal nerves s eparated . 

The right recurrent laryngeal ncrvG became the right caudal lary11g0G.l 

nerve and vm::> distribut ed unilat ero.lly to  all the int ernc:.l intriasic 

laryngeal muscl GS .  Ai'tcr its separation from the caudal laryngeal 

nerve, the right pararecurrent la�;ngeal nerve continued c ranially 

to anastomose (rith th e ramus from the int ernal branch of tho right 

cranial laryngeal nerve (Fig . 6 ) .  This anastomotic raraus lay botm�en 

the laryngeal mucosa and the medial surfac e of the lamiriD of the 

thyroid carti lage . 



Left recurr�nt laryngeal nerve 

The l eft recurrent laryng•:;al nerve aro s e  from the l eft '·a.gu.n 

nerve near the .:1rch of the aort.:� ( F'ig . 7 ) . I'iVG diff erent pa.t t crnu 

of origi21 >vore fo1..md . The mos t  cOElli10n v; __ riant , \'ihich u<:ts prec.; ent �;1  

clov en d ogs , vms n s i rl{;l o  root [\rising frma tlw do:cs om odial nr�.:.> cc t 

of the vagu.s L'..s it lc1.y on the v entro lateral surfnc e of the d esc c:c1din;; 

aorta (Figs . 7 and 8 ) . This point VTas iilllllodia.tely caudal to the 

o rigin of the l eft subclavian art ory , In si:: o ther dogs , u i.1.uubcr 

of sr:1aller roots l ef t  tho v2e,us at this l ev el ; ·!;here ucre hro ro o ts 

in f our s p cu inwns and thr o c  ro ots of o rie-in ir: ono oth'-'r s pocir::e:: 

( Fig .  9 ) .  L1 the ronainin{S four d o gs , the l oft recurrent l2.ry1J{;wl 

nerve aro s e  fro;.1 the c o. rdi.::.c 11ervc branc hes lying ;,;cdi ::::.l to the }. oit 

V.::t 'TUS ; in thrc:e s p oc il"ltGn;::; , a s :L.Lgl o r o o t  c:.rc.s c fror:r bo th tho V.::t[,"..ill 

C.i.1d the maii.1 cardiac nerv e; ,  vrherens in on.:: clOG the recurrent nerve 

appeared to ari s e  s o l ely froTI th e lc..:.•g es t r!.ledially lying carciiac 

nerve brc:.n.ch . 3 c..-v or.::tl c onnoct iona >Tore ahmys pres ent b et Ne en thes e 

cardiac nerv eu o....nd the vngu:J . 

The roo t s  of the l eft recurrent l aryngeal nerve ra;.1 from their 

points of o ri::;in caudotwdiD.lly , c rossed the v ent :.'<ll surf,·.c e of tlcc 

aort.2 and them curl ed c ra;.1ially, around th e caudal alld dors al .::tS l) ects 

of the l igam entum art erios um . 1·ihen more tho.a one nerve: ro o t  uc..s 

pre:J e:'l.t , as in nine dogs , thos e roo ts merged int o c. s incl o t runk  as 

they curled a round the ligaLlcntum art eriosUTI . A n hort d is t anc e 

craninl to this union tL. e l eft recur:..�o:lt l .::tryngcal nerve and t:10 

l oft para.rec urre;.1t laryng eal nerve uerc f o:.::.:.1ed U:;.cs . 7 ,  8 , 2.nd ·) ) ,  

'rhe larger l eft recurrent lD.l"YYlg"Cal nerve proper lny on the 

v ent ral surfac e of t rachea in the midl ine , but gradually pass ed to 

the l eft as i t  c ours ed c ranial ly . By the t ime it reached the 
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thoracic inlet , this nerve lay along the loft lo.t eral surfac e of th e 

t rach ea in th E'; t racheo os ophageal groov e .  Sev eral small cardiac 

ne:rve branches Hero gi von off frora tlw rocluTe:at nerve roo ts or the 

mos t proxiual pa.rt of t h e  rocurre�1t nerve pro:;; cr. 

In three dogs , a small anao tomotic brm1cl t  pa.ssed bet1roen tho 

most c ranio.l c a. rdio.c nerve b ranch o:1 tho right s idu and the l oft 

recurrc:n.t lc.ryng eal nerv e .  'l'his c oEJmunicat ion b etween l eft and 

right recurrent l aryrt;oo.l nerv es vl?.s dorso.l t o  t h e  prox.irJ.al half of 

tho bracllioc epha l i c  arterial t runl: . In ono doe it appcared. to bo 

from ric;Lt to l oft in direc t ion. 

l.'llrou[;'hout i ts proc..J.rdiac c ours e ,  t h o  l eft rocurront laryngc.J.l 

nerve suppl ied f ine branch es to tho tro.che.:.t . Irl m1c dog , .2 sua l l  

nerve pas s ed froLl the midd l e  c ervicill c:;o.ngl ion .:.;.t the ewra c ic inl e t  

to tho l oft recurrent ilCl"V C , This s yL1pat h otic no:-ve pas s oJ. v ontrally 

ov or the o� oph�gus . 

'l.'ho Sdc.l..l l er l 0ft pa.rarecurrent la r:,m::?;oal noy,ro div erged 

dors olat erally mmy frou the l eft recurrent lar�1(";"G2l nerve to as c end 

ov er the cranial t lw rac ic es ophagus ( :t!'ig . 7 ) . Lea.r its origin tllo 

l ef t  Pt.<.rr.J.rccurrent norvo ahmys s ent four or fiv o  large nerve 

bru.nchec dorsally and s light l y  caudally to innervat e:  the es opha.t,rus 

dors al to the bas e  of the heart . '1'he parent norvo then continued 

ov or tho left lat eral and v entral surfaces of t he preca.rdiac 

es o phagus , supplying it vrith a shovtor of bronc hing and anas t omos ing 

fine nerve branches . 

As the l eft pararecurront laryngeal nervo proc e eded into the 

bas o of the neck , it pas s ed ruediall;y to vra.rds the trachea u.nd 

ov entually lay in the l eft t racheoes ophugoal groov e ,  dors olt:�tor2.l 



t o  the l eft recurrent laryngeal nerv e .  At the l ev el of the tho rac ic 

inl et , in al l dogs , mos i:; of t he l oft pararec urront fibres me11ged 

1·1"i th the l oft recurrent nerv e ,  t h e  fevr remaining f ibres beL1g 

dis tribut ed by f ine nervos t o  the l eft asp ec t  o f  the es ophagus as i t  

pas s ed t�rrougll t h e  t : 10 racic inl et and int o  th e bas e of the neck . 

r:;:'ho l of t  recurrent lu.ryng eal and l eft pararecurrent laryngeal 

nerve;;;; :-.' ::;c endecl the neck on tlw l eft lateral surface of t he t rachea 

i�i th o i:.1ilar distribut i on pat torus to t�1o right recurrent nerves in 

_ .11 dogs . Bo th nerves L:w c l os e tog8ther in t h e  t racheoes oplwgeal 

g1·o ov c over mo s t  of their c erv ical cours e .  Fron tllo thoracic inl et 

t o  the uidc erv ical region the two nerves wore in c.  c oi.ll:lon fibrous 

shonth ; [tnd only af t e r  ac e t ic a c id troatL1e11t a;.1cl fine dis s ec t ion 

c ould the tuo nerves bo s epo.. rCLt ocl . Hi::.: t o l ogicCJ.l c:�2.mL1J.tio;.1 

c o�lfiruod this o.rrangeuont (li'ig . 10) . F'ron the uiuc oivicc:..l r egi on 

cra;,1io.lly th� tuo nerves ucro l o o s ely j o ined by s::.1o.ll aoounts of 

c olmoc t iv e  t is sue (Fie; . 1 1 ) and n f eu sm:ll ne:cves cor.rr.mnicat int; 

b vbreon tho1.c . 

The arrB.IlGOdent ir.lwedia tely c audal t o  the larynx o.nd c ranial ly 

f rOIJ this l evel on the l eft side uo.s s imilar t o  the po.t tern on t h e  

rigl� t side . 

'l'ln·oughout the c ervical ro�ion the es o phageal raL:ti f ron the 

loft parnrocur:L'ent nerve (Fie . 7 )  uere more nunerous , and. more 

widcspreacl in their dis t ribution than the es o phageal rll!Il.i f rom the 

right nerve (Fig . 6 ) .  Thos e froB the right f irs t pas s ed dors ally 

over the t rachea before reacv..ing the es o]hagus , whil e  t hon e frohl 

the left ne rv e  pas sed di roc tly to their cs ophagcal t e:ruina·t ioil3 . 
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-� nerves dis tal to the o rig_in of each respec tive recurrent 

] aryngenl n� 
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After giving ris e t o  the rucurrent lnry11g8al n e rv es , ea ch vagus 

nerve cont inued caudally and pas s ed dorsally over the lat ornl surfac e 

of the; trachea . EilCh vagus then pas s ed do rsal t o  i t s  respec t ive lw"lg' 

ro o t vTh ere it divided into dorsnl a nd v entral branches ( Pig . 12 ) .  

C audal to t h e  tracheal bifurcation th e ventral bra;.1ch of the right 

vac-us ftm ed Hi t h  its l ef t  � ount orpart t o  f o rm the v entral vagnl 

t runk ,  and u o ro dis tnl ly a s i"'1ilnr o.nno t ou o s i s  occurred b ebvc en the 

right and lef t dorsal vagal branc hes to f oru the domal vagal t runk .  

Botll vnc;al nerv e t i'UlLcs c ontinued ��ith the es ophD.(:;Il.S and pas s ed 

through the diaphragm in the es ophageal hiatus . 

Rigt.t thorac ic vngus ne rv e  

Caudal t o  the riGht subc lavian art ery and the o rigin o f  the 

right recurrent laryngeal n erv e ,  the right vngus nerv e c ont inued 

c.s.udnlly and gra.dually pas s ed dorsa.l ly ov er the right lnt eral :lnc e 

of the t rnchea . Along this c ours e nume rous fine brnnches l eft ·che 

vngus to supply the trachea . In addit i on , three o r  four slightly 

larger brnnches supplied both the t rachea and the es ophnt:,us in this 

reGion (Big . 13 ) .  

Dorsal t o  the ro o t  of the right lung the right vagus nerve 

div ided int o  a large d o rs a l  and a smal l er v entral branch ( Figs . 12  

and 1 3 ) .  This divis ion was always a t  a l ev el opposit e the head of 

the s ixth rib . Ti'ro larg e  and s everal s maller bronchial b ranches 

l eft the v ent ral branch of the right vagus near this point . 



The main trunk of the ri[>'ht vag"US nerve c o ntinued cc.udo dorsally 

in a fairly s t rni15·ht lino Es the right d o rs a l  vai_;·al branch . This 

branch j oined vli th its l oft c ount ul·part to f o ru: tho dor ... w. l vagal 

trunk. This union always occu:r·l·ed in the postco.rdinc liledi.:tst inum 

dorsal t o  the os opha.g"US at a l ovul bchwcn th e heads of ribs t on and 

e l ev en ( Fig . 12 ) .  L1 four do,z.J , a snall cr s cc ondo.ry right do rs al 

vagal branch was present v1hic�1  parLcllol ed the wain b ranch and l ay a 

short distanc e caudal t o  it , and oo j o ined th e dorsal vagal t runk  

jus t caudal t o  the J.:J.ain c o nfluoDc o .  In throo o ther dogs , a smal l 

branch l ef t  the right dors al vae,·al branch , pD.:J o ed domal ly ov er the 

oso:pLJ.L;\�s and merged ui th th e l uf-G dorsal va._;al bra;-:ch c rc..:.nio.l to 

tlw forr:la t i on of the d. o :rn al vagc.l trunl� . 

'i:i.1e snG.l l o r  ven tral 1Jranch of tlw ric;l1t vagus norvo divort;ed 

ned.ially frow tJ1o r.1u.i:-1 t ruYlJ� nnJ pno :J od t o uarcb tto l eft on the 

es opha.[;l:s . It pas :::; ed clors 8.l t o , but ir�Jodiat oly cc.ud:.:;.l to t:1 0  

t r  ... cchec.'l.l bifurc.::d; i on and. Go o n j o inod w·i th t�w loft v o:.1tral vn[;;al 

bra.11c h .  Alone this po. tll it nhrays �.:.we off o:.w or tw·o largo 

b ronchinl branches . 

As tllo l oft vaGUS nerve ran c u.udnl to the nortic nrch it lay ou 

the l oft vm. ll of the os ophagLlS betucon tho de:::; c ondil1G thoracic aortL:. 

ar:.d the ro ot of the l eft lung . Fro:..1 this c ourc o th e l eft V<J{,"US 

supplied the adjacent port ion ( i .  o . cardiac region ) of t�1c es ophagus 

vri th mu . .10rous fino nerves throul:;h five or s ix L:aiil branches ( ?ie. 1 4 ) .  

Tho loft vagus ne:r'V'e then divided i.;·1.to a dorsal and a v ent ral 

branch caudal t o  t he bas e of t he heart but dors o.l to the ro ot of 

t h o  l eft lung , oppos it e tho o pac e between the heads of ribs s even 

and eight (Fig. 1 2 ) .  
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The larger ventral branch c ontinued the main t runk of the l eft 

vagus n e rv e  caudoventrally in a c t ruig�1t lino over the l of t aspect 

of th0 os ophagus . 'l'his bra�lCh �·ra;.c; relatively 3 �1ort as it passed 

c los e t o , but caudal to , tho t ro.chuc.1l bifu:ccation a!.:..d. j o ined wi t�1  the 

vent ral brancl1 from tho ric;ht vaQ.'-8 norv o .  'i'hes o ventral branches 

forr..;od the vcmtro.l vas·ul trunk at a l evel opposit o the lle.:;.d of the 

oichth rib (Fi:; . 1 2 ) , Jl. sL:laller s ec ondary loft vcntrul br��i1ch uas 

pres ent i; 1 five does . It aros e fro:·.: the l oft va:::;us caud:·.l t o  tl:.c 

priuo.ry divis ion 1.mcl ;;lGrgcd int o tl:o voutr.:tl v:.�:;al trmll;: :i.lJucdi.:.t oly 

cauclo.l t o  "cl10 pri::Jary junction. 

In ono do:; h-w oq_u��lly s iz o cl  ventral b r.J.nchcs uoro formed frou 

tl-:o l eft v ae;1..u:; , and 01:. the right s ide a soal l c ccondr1ry vcnt ro.l 

branch 1·rnc <:..ls o pros c;nt . 

'l11G clo mo.l .:1�1d v entral v.::;.;:;c.l br.:Glclles on bo th sid es lay di rec tly 

L1 .J.ll d.oc;s , the os o ph.:J.gw:.J dorsal t o , ancl :i.L:2od.ia toly caudal 

t o , the t ru.e�-:oal bifurc;J. tion uas richly inncrv<.'Geu by iaany fine 

no rv o  bro.nches . The3 o G8 ophagoal 'br.J.ncl:c'J I·TOl'e :.;1J.l:);?l ied L('OiJ. tho 

t -::::.·.c.1L1.:.:.l parts ol' the left and right vc.c;us :1crvus , t�1c ir dorsal and 

vc::::t ral brc.nc!lCs , and tno pro xinal parts of the dorsal ancl vontrc.l 

vac;al trunks . Branches frow the d o r:::; al vagCJ.l branchoG anO. Ll'l 

)?.J.rt iculD. r  thou c from tho l eft side , wore mos t abundant (Fig. 1 4 ) .  

Thus an extensive plexus vTas establ i shed , p.J.rticularly over the 

ventral portion of the es ophagus . Ilany nerve fibres pass ed directly 

to  the es opha1.,-u.s , and others suppl ied the bo.s o of the heart , the 

tr<:cheal bifurcation , nnd the roots of both lm1g3 . 
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Dorsal 0.11d ventral V2.{;al noiVG truvJcs 

Fro::: their po ints of format ion , the dorsal and v entra.l vagal 

noiV c t runks ran caudal ly in the po st cardia.c uedio..s t inm1 , c los ely 

rcla.t od to the dorsal and vontra.l border::; of tho cs opha{.;'UB 

rc,J p o c t iv oly . 'l'he d o rs al trun;.: t cj-,_G_od to l i o  t o  the richt of the 

oG o pho.co,ll 1Jicll i;1o , and the v entral trunk lay o l ic;ht ly to tllC l eft 

(Pie . 1 2 ) .  Eo.ch vc::.c-::.1 tnml;: lay in the dom al lX: rt of ci'to cu.uclu.l 

thor<::cic medias t inu:J. betvJCon tl1 0 oppo:; ,;d l oft u.� :C. ric-ht i �odiast inc..• l 

pl eur.:1l shectu . :.�oc8.u.:J o of this t�o v<:Lc;�-,1 t nmlm \/'Ore su3pOildt::d 

r-.;�_d :c opctrc:•.t cd fro:..1 tllc usorl�::_.:-. .:;us by a s hort -uiclth of double 

'.i'hr011<3:h0Ut e-10 CD.ud:ll thorc.c ic roci on nur::orous l� ino l10IVOS 
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pns 3 ocl fro;_: both dora ::tl a.ncl v ent ral vc.cal t runko t o  ilmeiVato bo tl1 

sides of t�10 os ophabUS ( L'i�s . 1 3  nacl 1 4 ) .  'l'hos o fi;:�o nurvos o.lm:t�rs 

:;:J;'.s :o ccl f ro;.! tlwir parord; t run�� t o  tllo os o pll.J.;_;us in a. cc.uclal uiroc t ion . 

Tllo do rs.:-�1 p.·1rt of tllo pos t c ardiac cs o phagus rec eived u. 1 w re plent iful 

SUl)Pl;r ·i:;>c.n tllo  V 011t ru.l pEtrt . In part ic'l�lcr , the :jroxinal po.rt of t�10 

ventral VG[;al tnmk u<J.s c ons picuous for its s par:-� o  supply of 

L1 none of tho dogs vnts thc:rc found a.ny vario.ti on in the V8{;al 

norvo trunks ia the caudo.l tJ.1oracic rc.;ion , nor ucro thoro a.ny 

si�1ifico.nt diffcrcnc o3 in their Gs ophat;oal branches . 

Bo th va.t;o.l ncrvo trunks pierc ed the dia.phra.:�n a.t the 

es o pha.G'cal hiatus . 'rhe vent ral t runk  lay in c 01rcac t with the 

nidventrol surfac e of the o::.: o phagus , and th.c d o rs al trunk with 

the nid-dorsal surfac e .  



The s hort abdominal cso phagu;J rec eiv ed nerve fibreo from both 

v.:tcnl t rtmks , in <:.l dist ribution lJat t c rn s iuila.r to tho.t f o und in 

the caudal thoracic rct;i on . B.o;rov o::..· t h e  v <mt :c:.1 l  t nmk  c;;.;..ve off 

iJ.o re os oplW.:JOul br.::.ach o�� -;:;�:a.n t:.-•.e d>Jro al t rv1.:.1L ,  s inc e the abd.ouil1ai 

than t h e  d.o rrJ a.l jJOrt iorl .  

A very fino connect ic:·n 1-ro.s f�1'.md bohwe�1 a. tcr:.1inal c;J o pha.,_;uo.l 

bra.:ach of eu.ch of t:1o vc::-,t rc.l u.nd J.o:mo.l v2,._;al t nu1.l·::s . This 

of tho pilroni c o o::;oplw.gcc1.l l ic;cc!JC.m i;  r.nd. vT<:.'.s pres un t in only fiv e 

doc;·s - three on the ::.:i�;ht :.; :!.. u u , :_ud. ·cuo 011 the l eft . 
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Radiographic _ Obs ervat��: 

The preoperat ive radiographs and t he radiographic s c re enir..gs 

of brenty five norrc..s.l dogz sho,.;ed that esoph:..tgeal mo t i li ty d id not 

necessarily direc t l y  fol lou e.:::teh oro pharyngeal d eG"luti tion s equenc e , 

nor di d it appe.J.:c as a s;nooth cont inuous per:i.s talt i c  vmve t rc.:vel ling 

the l ength of the eso pllagus . S1·m l l o ued bolus e s  ue::r e  frequantly 

d el."Cyed in the mo s t  proxinal por tion o f  the c ervicEl e ::;ophagu.s , 

nt th e t horacic inl e t  and in that portion bet"lw en the thoruc:i.c 
inl e t  and the trach eal bifurc Q t i on . Reflux of gns tri c  c on tents 

in t o  the caudal part of th_ e  tho r.s ci c esophaguG w1s ob s erved in al l 

exc ep t th�ee dogs . 

. �:�'.£.'�jl_I_ _!._]),.£g�S �;.!h�_cl� _.E:n.�:_r_�·-e_:;:,_t _b_i_� _a._t �T.B:J-. -�'l.a.!:.::a__g__o_��CJ-'?_P.h_B:_$3_�.1 
!!:��-e_c: t O.!P.Y. 

Both dor;s i ;o t�is ,:::ro'..lp hB . .-1 �,r, lus es pass srnoothl:r thr -:mgh 

t he i r  c ervical es o phagus duri;og preopera·i· iv e  obs ervE1. t i ons ( P.ig . 1 5 ) .  

H011fev er , � rhen the do gs a t e  fo od fol lo1...-in0 trans ec t i on o f  bo t!1 

ph-3.ryngo esophngeD.l nervor:; , the c ervical eso ph<:�f,"US bec nw.e 

progr e s s ively pv.cked ui th slie.l l o r red f o od unt il the Vtr'.tlys ed 

eso ph�.gus bec;::une d is t ended ::ts far caudal ly as the thoracic inl et 

( l"ig . 1 6 ) • vli th furth er es ting the s -;;all ov;ecl mass -::1e.s gre.dual ly 

push ed into the thoraci c esophagus so tha t eventual ly , 01� some 

oc cas i ons , the entire length of the es oph.::tG"US b ecCl.me pa cked 1-ri th 

food ( Fig . 1 7 ) . On o ther o c casions an e s ophageal u£l ve formed near 

the thoracic inl e t , pinch ed off th e d i s tal part of th e suallm·red 

mass ( Fig. 1 8 )  and propel l ed  i t  t o  the s tomach . 
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Thes e  waves s tart ed as ineff e c tive non-propulsive wav es in 

the di stal c ervi cal eso · lle.c,-llS . 'T'hey tr<>v el l ed for approximc, t ely 

1 to 4 cm b efore nincb.ing off part of the s 1,ral l o v:ed mass ar;.d 

effec tive ly ])rep e l l ing it tovmrds the s t omach . 

The c.c tua.l l s•rel of origin of t h e  effGc tive i·laves var i e d  

be tv;een the t wo dogs and i n  fu ct ui thin each dog . l'l1ey comm enc ed 

at l evelo b e h-1 e en the fif0ch c ervi cal rmd the f i r a t  thoracic 

vert ebrae . I n  each ,:.og as the meal progres s ed. and the o:::; o pho.gus 

fi l l ed ui th s val lo :Te-.:. food , th e origin of e<.'.ch oucc e.J oiva v:c.:.vc moved 

more :md nol�e  c8.udolly. No er3 o phagea1 contra c t i ons 1 1ero oi.J s crved 

in tho pOl' t i o n  of c ervi cal eso nhagus behre en the phar�mgo esophagenl 

j unc tion c n.:l the above 1 1>v�ve-ori{':'in" l evelc . 

In t:n es e  n eur e c t omis ed dog;J no abnor'lw.i. i+.i es o f  the pharyngeal 

TJ�19. 3 8  of degluti t i on "rere obs erved Ind eed a c omp e t ent pllarvngo -

e s o r1.-"'"-gcal S11h · nc t er i c  ac tion ' 'as >)Tes o:-:t . 'rhi s  >vas most a.ppa.rc�1t 

d1) ::�ing f c edi ; ) g  \l.fhen the do .c;s a-' e :i ::1 a head d rJH!1. l)O S i  t i on 8.r'd hac'l . .  <c. 

fu l l  c ervi cal eso ·'hagus 'r'"-:; no f o o d  \ r.s.s • ; e e11 to ps. s o.:;  for r�J rd in � o  

t h e  phr:rynx .  

Obs ervn tionf' ui thin hmn t".f four hours o f  surc;ery in both thes e 

dogs shovTed g.:lSeous d i Lt t ation of the eso phagus from the l evel of 

the fifth c ervical vert ebra to the gas tro esophaeeal junc ti on and a 

gas fi l l ed s t omach ( Fig . 1 9 ) .  Some: \'T&t ery liquid b.y in t h e  

cl::>p en<l cn·(; parts o f  t h e  esophagus and a bilat eral pneumo thorax 

u,::;.s also obs erved . 
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Unfortunately one dog (06) died o n  the s econd pos toperative day . 

In the other ( 1 0 ) the thoracic esophagus was dilated >·rh en re-examined 

on the s i xth , ninth and brenty fourth po s t o perat iv e days . 

'. 'h en t h e s e  do,:�s a t e  barium impregna t ed f o od 3!"looth vraves of 

es ophage �ll c ont rac t i o'1S pro D el l ed the bo l u s es down the c ervi c a J. 

eso phagus to th .� l evel o f  t h e  fifth ( dog 06 ) o r  the si x th ( d og 1 0 )  

c ervi c & l  vert ebra . The svall. o ned mass 1 odged ir-. or near the thoracic  

inlet but eventua l l y ,  1t!i t h J.he ar1 cl i  tion of f1lr ther mral l n rred mat erial , 

it 'lvas shunt ed into the di lat ed thorac i c eso phagus so tha t this area 

then b ecame packed 1�rith f o o <l  ( ::<'igs . 20 and 21  ) .  Sven <vhen this 

o c curred , c ervi cal ·1'1aves s ti l l att empted , a l b e i t  unsuc c es sful ly , 

to p�o p e l  the i ncreasingly larg e food mas s  f rom the c ervi cal 

osophagus through the tho ra c i c  inl e t .  These  1mves 1-rer e  only 

effec hve to the bas e  o f  th8 neck (fig .  21 ) . No es ophageal 

contrnc t:i. ons \rere ob�; m�v-ed c audal to this l evel . 

Although fo od pass ed. into  and fi l l ed the di l at ed caudal 

thorac i c eso plngus in t h e  surv iving dog ( Fig . 2 0 ) , it vms not 

pro p el l ed fr e e ly int o the s t omnch . Hm·rever , on a fmi oc casions 

during each o bs erva t i on , a sma l l  amount of fo od di d pa3S through 

the gas troesophageaJ. junc t i o n  ( Fig . 22 ) .  Never thel ess most  of  

the meal remained in the thoracic eso7)"1-J.agus for at least thirty 

minut es aft er feeding ,  even 1-rhen the dog Has al lOi•red to sit on 

its haunches (Fig .  23 ) or TThen its forelimbs Vfere held high off 

the ground for hio or three minutes . A check radiographic scre en 

of this dog twenty foux hours after barium feeding reveal ed that 
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no food had remained in the eso phagus . During this period the 

d o g  was usual ly obs erved to r egurgit a t e  some of the barium meal . 

Th e gas troesophag eal j unc tion in this dog thus app eared t o  

b e  inc �mpet ent a s  i t  o p ened only infrequent ly and ineffi c i ently. 

Group I I I  Dogs which und e�{ent recurr ent l�ryngeal n eurec tomies 

Before neur ec t omy in the s e  dogs bo lus es were obs erved to 

pass t hr ough the thoracic inl et region and c ranial thorac i c  

esophagus wi thou t  l eaving a t ra c e  o f  mea l b eh i nd ( �gs . 24 and 

25 ) .  However, the maj ori ty of bo lus es •r.rere prop el led to th e 

thorac i c  inl et Fhere t 1; ev remai ned in a rel axed s ta t e  un t i l  

j oin ed b y  a s e c o nd bo lus . 'T'he -'c •·0 bo lus es b ecame fus ed into 

one mas s  "\vh ; ch '-�'as t hen pro ne, l ed s no o thlv through the thorac i c  

inl et and thoraci c es ophagus t o  t he s t t)onach , r.Jh i s  s ec ond 

s equenc e was a r e l a t ively smo o t h  and unint errupt ed uave from 

pharynx to s t o mach . 

Fo l l mring righ t recurrent laryngeal n eur ec tomy, a 

small c hange in esophageal func t i on l'ins ob s erved in the 

cervical and cranial thoracic portions o f  the esophagus . 

In one dog ( 1 5 )  the esophageal waves became l e s s  efficient . 

They o nly partia l l y o c c J.uded the lumen o f  the c ervic a l  esophagus 

which r esul t ed in a c nnsiderabl e part o f  th e S\,ral lowed meal being 

l eft b ehind aft er each wave had pas s ed through t�1is ar ea . Aft er 
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several bolus es had been transported in this manner a continuo'..ls 

r ibbon of meal r emained through . 'ut the c ervical esophagus (Fig.  25 ) .  

This incompet ency , o r  par tial pa.ralys i::· ,  ext ended throughout the 

whol e  of the C G?'vi cal esophagus and caudal ly to a l evel oppo s i t e  

t h e  s ec o nd thoro. c i c  vertebra , from \�he:re the eso phageal \-Tave 

r e:::>umed i t s  full propulsive forc e . The ineffectivenes s of the 

eso phag e?J.l �raves lvas mo .s t obvious on the firs t po s t o p erat ive day , 

>lhen o.t tir:1es th e c ervi cal esophagus ccntained a c onsid8rabl e 

mas ;C; of f o od . Ho\H:ver , the c onditio n 'Tns l es s  marked by the 

s ixth postop m·at iY e day . 

In the s ec ond clog ( 1 4 )  the pos t o p era tive cha::1gcs Nere 

s l ight l y  different . ':'he c E;rvical es ophar,e-'3.1 vrave vms more 

eff ec t iv e , al though oc c a F; i onal ly a +;r2.ce of meal Nas l e f t  b ehind 

( 'i'ig .  27 ) .  Houever , mo s ·r- c ervi c.3.1 T:,aves appeared t o  pause at 

the bas e o f  the neck , b e tc·reen J� h e  � evel s cf the four th c ervi cal 

int ervert ebral d.i3c o.nd th e six+;h c ervi cal vert ebra ( :·: 'ig , 27 ) . 

The esophageo.l cont rac t i on -�·hen relaxed s l ig·htly for a bri ef 

moment , and a t  th e same t ime , the es o?l1agus 1.ras dra1vn c ranially 

by the el evation of th r:: pharynx during S \'1-a l l o >ving. 'l'he result 

of thes e tvro actions combined vri th a dowmrard s loping of the 

neck during eat ir"g cau3 ed s om e  of the fo od to pass forvrard 

into t h e  proximal c ervi cal esophagus ( Fig .  23) . Immedie.t ely 

this had occlu-red , the esophageal 1vave restart ed at the same 

point at uhich it had s t o pp ed thus leaving th e proximnl pn.rt 

of the bolus in the c ervi cal esophagus ( Fi g .  29) .  This uave then 

continu ed in an effec t ive manner along the r emaining eso phagus t o  
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the s t omach . 'l"'he food l eft behind in the proximal c ervi c al esoph'lgus 

c-r::ts inc orpor.:·.t c�d into the next bolus and th e ::: equenc e w:�s repeat ed . 

Aft Gr l •:)ft r GcurreP.t l o.ryn[:7tY•.l neurectoray ( s even days nf t or 

right rec'xrront laryr1geo.l n em: ec t o;ny) tl13 crt.:a i c.l t iwraci c eso;Jh-:cg"U.s 

::-.nd the pnrt o ccupying th e t hor. •.ci c inl et iier e pa:r·_tlys ed . The 

c ond.i tion rerrw.j_n.;;d unchnngecl durir.g the next eigl:.t dctys . 

in the dif> tr.l par t s  ( "'i g .  30) , lio ''''"'ver . in th e o th er dog ( 1 5 )  ;:m 

C Grvica1 vert ebra (l:·ig .  )0 ) 

·� t t h e  c ompl et ion o f  e:·.ch c or·vi c2. l  � ·:1ve th e sv-!<.�l lo:-!ed ''o l u s e c  

t empor::...ri ly l::.y ill the tli or:..Lc i c  inl e t  a n d  crani.J.l t;"J.Or::lCic eso phe.gu:J 

b8forc;, p··. r t i ;l l l y  refl uxing into the di s tal c ervi ce.l esophc,gu::-; 

·,:ith the addit ion o f  further bo lus es , t h e  ·;: ;-.craly�:; ed r egion 

b e e :liile dis tended and th e s ·,;;:�l lo1·;ed '::1C.s s  was grndu.n l J.y shunt8d more 

c audnl l y .  Of t en th e esophagus -vwul d be pa cked viith food from t h e  

bEJ.se of t h e  neck t o  t h e  tracheal bifurcation . Eventually a ne1.; 

es ophng82.l 1·mve w-as ini t i<:t ted 1-Thi ch pinched off the d i s tal part 

of th8 svs.l lo>·red mass and propel l ed a n ew b o lus to�·mrds the s torm.ch 

( �igs . 32 , 33 , and 34 ) .  
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In both dogs this thoracic wave reappeared at  a l evel opposite 

the first  thorac i c  interv-ert ebral disc regi on . However , this \Jave 

vras ineff ective nnd only made a large ind enta t i on in the ventral 

parts of ·thu e:.:>ophagus ( Figs . :52 .::md 3:5) . Only aft er the ucv c  had 

tro.velled to <1bout the l evel of th e fourth thoracic vert 2bra did 

it bocooe ful ly effective ( Fi g .  34) .  In b o t h  dogs the l evel �L t 

•�hich a full  propulsive uave reappeared sometimes varied by o.bout 

one vertebral length either s i de of fourth thorG.cic vert ebra . 

In dog ( 1 5 )  the thorac ic '-rav e vms diaphasic in o rigin ( "Fig . 35 ) 

ll:nd it 11'w. ·· the c <tu dal contrac t i o n  T;rhich became the effective 1•ra1re . 

In one dr;g ( 1 4 )  the firs t t• .·o bolus es scml. l o ued p.<J.s s ed thre>ug::"l 

thG crm:i::.l t'1or2.ci c esc• ""l>a.t:�us vr.i.. th'"lut t> e usut:"tl del '?.ys ; but , a 

tr, i l  of :-1eal re·Jained beh i �'ld . ··:r: i s  H3. S on t.�: e eighth dny of 

pos t o p e:r.n.tive ob s erva ti ·)l1S Si:a.ilC:tr actj.vi t ics :·rer8 G e en ir; the 

seco ,ld de';; ( 1 5 )  at the b ee·Lmine: o f  fe ed ing on the third po s to per�1t i ve 

In both dogs , food remc.ined in th-3 eso phD.(;e:ll s ef)D.ent l) et-o:re en 

th0 fifth c orvi cnl and fourth thorc.\ci c vert ,�bro.e for no l onger t llo.n 

ten �inutes aft �r u�ch f e ed ing . 

Group IV 

vagotomy 

Dogs which underwent double bil&teral cr2nial thor�cic 

Obc ervations after bilat eral vagotomy dis tal to  the recurrent 

laryngeal nerve origins in bo th thes e dogs , sho1t ed gaseous dilatation 

of the csophRf;US from the level of the first rib to the 

gastroesophageal junction . 
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Uh en thes e dogs S\·mllo1-red barium impr e_9;nat ed fo o d ,  s mo oth 

ll8V es of es ophageal c ontractions propel l ed the bolus es d ovm the 

c ervi cal e s o phagus into the cranial thoraci c  es ophagus . The 1-raves 

reached a 1 evel mid>·Tay b c h1een the thoracic inl et and the bn.:Je o f  

the h �"ar t .  I n  one d o g  ( 1 2 )  this l c,vel ·,;::J.s r r: cordod 'Yfl 1)0 S i t e  the 

firs t t h o rcccic int erv e r t ebral di s c  ( Fig .  36 ) .  l�o es ophaGeal 

c ontra.c tions twr e  obs erved caudal t o  this l 8ve1. 

':r.'he S v<a l ]_ o ,.red 'TI 0al Fas progr essively packed int o ,  and 1-li thin a 

short time col>:-pl e t e1 v f i l l ed .  th e paralys ed and dilated thora c i c  

caudal Jy a s  the g'l?tro esol'� n!;ea, junc t i o n ,  i t  ?A.s no ·t s e en t o  pass 

freely thro ugh this regi 0n '·o i:h e s tomach , •:)n s everal oc sas i (ms the 

gas t r o e s o phageal .i unc ti o n  di e open and U1 e d i s  :;al uo r t i cm s  o f  the 

su.:<}. l o ;,red m ea} pas sed int o t� 1e  s t oillach_ On other occ1:1.sions Hhen 

the � lo,�s vfe :;:·e l if t ed int o  a vert ical po s i t i o n  .s tanding on their 

hindpatrs , the gas t ro e s ophageal j unc tion open ed for a fe·�·; short 

pt:;ricds a n d  food <·ras s e en to pour t[l.rough into the s t omach . 

:D'ol lowing bilat eral v;:,.go t omy proximal t o  t he origi!1 of tl-; e 

recurrent l aryngeal n erves , the thoracic eso phagus �as �omplct ely 

p�:ralys ed . C ervi cal esophageal ;-raves trc:;.vel l ed t o  the thora c i c  

inl e t  in o n e  d o g  ( 1 3 ) and t o  b et \;e en. the fi f th and s i xth c ervi cal 

vert ebrae i n  the o ther ( 1 2 ) .  The guR tro esophageal j unc t ion was 

l es s  responsive than before thi s s econd operat i on ,  and most of the 

fo od r emained in the thoraci c es o phagus . 
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Group V Dogs which unde r�en���dal thorac i c vagotomi es. 

o�'le d.og ( 04 ) in t!:>is group frequ ent ly sho i oed r eflux of 

S 1,ml l o\ Ted ;na t er i a1 through th e gas t ro es o p '1ageal j unc tion int o  the 

caudal thoraci c esophagus dc' r-: ·�g preo pera tive o b s erva ti ons 

( "'ig.  38 ) al. thoue;h on a fe;: occas i o:,s no r efl nx r 1as obs erved 

( Fig . 37 ) , In the o t h er dog ( 02 ) gas tr;.c  rcf'1 ux vas never 

ohs erved preo i1era tivel y .  

:�fter do�bl e caudal thoracic vagoto11y the waves o f  8Sophngeal 

contr:::..c tions JXiss ed smoothly over the ent ire l ength o f  the 

esophagus and fre ely propel l ed bo lus Gs to  tho s tomach in an 

a�) pt:crontly normr.tl ci!�•nn e:c . Ho�rever , gas tric r eflm� 1-T<.ts oi)s erved 

to be morG e-x:t ensi ve and 1·ms obs erved more regul8.rly , pr1 r t icu:i.r-�rly 

in one dog ( 04 ) , ( l''igs . 39 and -�O) . 

In the o ther dog ( 02 ) r ef lux: after dorsnl trur.J : V�·.go t olicY \·W.s 

much h n s  e:x:+ cn::;ive ( ?ig .  4 1 ) than aft er double trunli.: vago t omy 

( .,, . �' 2 )  \ · · l g .  -+ • 
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Cl inical Obs e rvations : 

Laryngeal func tion 

Aft er neur ec t omy ,  no J og s ' · 0 1·red an:v respirat orv di s tress 

which c ould cl early be referred to laryngeal mal func tion . 

Ea ting behavi our 

Pre operat ive . At no time during the preop erativ e  period did any 

o f  the dogs r egurg i tate fo od o r  show any diffi cul t i es in ea ting . 

Po s toperative . T h e  oropharyng eal s equenc e o f  d eglut i t ion wns never 

int erfered wi t h , d e s p i t e  the various surgir:al proc edures and 

n eur ectomies . I nvariably all d ogs 11ere abl e  t o  mas t ica t e  food , 

and food bolus e s  pas s ed from the mouth into th e c ervi cal es ophagus 

in 8-n apparent ly no rmal manner " In c o ntras t ,  fo l l o uing surgery , 

a l l  but four dogs o f t en regurgi t a t ed fo od dur i ng or after ea t i ng . 

Gro.J!P I_: Dogs Hh i ch unden1ent bi l_ a + eral pharyn[_o esophagas al 

neur ec tomy 

Bo th dogs ( 03 , 05 ) in t"1 i s  group regurgi ta '·ed :; h ei r  food on 

the first hro days aft er neur ec t omy . The mea l . which c o nsis t ed o f  

so l i d  piec es of coYJ.mercial p e t  food , vras eaten slowl y .  A f t er 

several mouthful s had been swall owed , th e dogs paus ed in their 

eat ing , s tr et ched out their necks w i th their heads d o wn ,  then 

o pened their mouths vride and a c o lumn o f  food poured out freely. 

This food mass uas covered in -vm t ery mucus which showed no acid 

r eac t i on when test ed wi th l itmus pape r . Bo th dogs then pro c e ed ed 
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to re-eat the ir regurg itated food. \llhenever they ate rapidly 

re gurg i ta tion was the c onsequence. However ,  ;vhen  the se d ogs ate 
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small pi eces o f  meal slowly �ri th pauses and raised their heads be h.J"een 

swall ows ,  they .rere ahle to compl ete a meal �orith out difficul t y .  

From the third t o  the ten th po s �ope rative day both d ogs  we re 

fed meal mixed to a ti1 i n C'>nsistency wi th milk , On tbis die t  

r egurgi t a tion did not  occur. 'l'he dog s st,raUowed s eve ral mouth fu ls ,  

paused , seemed to C ·)ncen trate and -·lake an exagge ra ted swallowing 

ac t i o n ,  t h en re pen.t ed this 1-J"hole pat te rn until e ach meal was 

completed . The dogs ahmys r egurgi t a t ed when they were fed solid 

food during this period . 

Thes e dogs Here gradual ly changed on to  a t o tal s o l ids d i et 

by the end o f  the second p o s t op erative week . Af t er this time both 

d ogs could eat solid f o o d  Nithout any proble ms and regurgi tated 

only uhen l arge piec es of me£::.1 uere eat en in a rapid succ e s s i on . 

Group I I  D ogs wh ich unde n;ent bilateral cranial thorac ic vo.go tomy 

Ne ither of these d ogs ( 06 ,  1 0 ) regurgitated their food during 

o r  immed iately follmoJ"i ng a me al However .  the amoun t that these 

d ogs a te was less than half tha+ ea ten before neurec tomy,  Once 

the thoracic and clis tal cervical parts of the eso -phagus Here packed 

with meal ( as seen radiographi cal l y) thev sto pped ea ting . '!'h ey +he n 

appeared to sh ow some slight disco'!lfort . On the felfr occasions tha t  

these dogs were ac tual ly observed to regurg i tate , i t  1vas a much 

more forcible ac t than that s een in the Group I d ogs . The food 

was still in an und ig es ted s tate and was c ove red in mucus , s ome 

of which was acidic . 
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From the s ec ond day after surgery , the surviving dog ( 1 o) 'itas fed 

frequently with small l iquid meals .  On this di et i t  was abl e  t o  eat 

satis fac torily , even though on many days a small amount of frothy 

sal iva-like mat erial vms found on the f loor of i t s  kennel . In 

addit i on ,  within twenty four hours of eat ing the barium impregnat ed 

meal , part of i t  was always f ound on the kennel fl oor . 

Both dogs in this gnup ( 1 4 , 1 5 )  at no time regurgi t a t ed their 

food or showed a.>J.y problems d'.lring eating. 

Gro up IV Dogs vJhich und ervJent double bilateral cranial tho r::tcic 

vago tomy 

On the firs t and s ec on d  days �ft er the firs t neur ectomy, both 

dogs ( 1 2 ,  1 3 )  regurgi b.t ed mos t  o f  their meal immedi.:�.t ely �1ft er 

they ho.d fini3hed ec.. ting it . Both lo oked distress ed and uncomfort::;.bl e  

.".ft er eo.ting the mec.l and then regurgit o.t ed Hithout ::my effor t . 

The ec..ting behaviour in these dogs 1vns simiL::r t o  thnt o f  the 

dogs in Group I I .  However , a fter th e s econd neurectomy o n e  dog ( 1 2 )  

cons tantly regurgitated immedi ::ttely fol lowing e:�ch meal , 1.rher e.�s 

the other dog ( 1 3 )  was never obs erved t o  regurgitate during this 

period . 

Group V 

Both dogs in this group (02 , 04 ) were never obs erved to h�ve 

:tny problems in eating their food . 



Post "!11:o r t em Obs ervations : 

Neurec tomy s it e  

A t  autopsy the C8mp1 et.eness of nerve tr�ns ec ti on W2S 

conf irmed in al l do gs . fur i;)1 ermo re the prec i s e  site of n eurec tomy 

vras veri f i ed .  In all cas e s  thi s uas i dent i cal to that �,rhi c h  iiaS 

obs erved and recorded during surgery . 

Esophagea l  dilatat ion 

The c ervi cal eso pho.gus in bo th dogs of Group I ( 03 , 05 ) 1vc:.s o. 

l i t t l e  more dilat ed ·.nd flac cid than no rm'll . Thi s  po s t  neurec tomy 

ch;:mee 'lvns not very obvious at au t o psy . 

Ho1t1ever , the es o phn.gus in ea ch of t h e  dogs from Groups II and 

IV shov1ed cons i der.-Lbl e  changes from the normal . In t h e s e do es 

(06 , 1 0 . 1 2 , 1 3 ) th e tho rD.c i c eso phngus '\vas enlarged t o  n. t  l east 

h'fi c e  i t s  normo.l s i z e  ( 7ig . 43 ) .  In 3. d d i t i o n ,  the d i s tal one third 

of the c ervi cal esophagus progres sively r.ri d ened caud <t l ly unt i l  it 

j oined wi t h  the ful ly di lat ed thoracic esonhagus at th e tl1oracic 

inl et ( Fi g <  43 ) .  

In gro s s  appearance t h e  l umen o f  t"lte tho raci c esophagus Nas 

greatly expanded but the esovhageal ive.l_ l 1·ras flac cid and appeared 

thinner t han normal . The gas t ro esophageal j unc tion remained in 

what appeared to be the normal s tat e ;  i t  was nei ther readily 

dilatable nor was i t  overly c ons trict ed .  I n  fresh specimens an 

index finger could be insert ed into the junc t ional zone wi thout 

difficulty. 
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Thes e pos t  mortem findings vrer e anticipat ed from the earli er 

radiographic obs ervations (Figs . 1 9  and 23) .  

The esophngus in al l dogs from Groups II and V ( 1 4 ,  1 5 , 02 , 04 ) 

showed no dctecte.b J e  changes . 

The n 8rv e sampl es r e c nved frr1m t h e  e"TJ.balmed dogs 11e r e  t o tal ly 

uns ._: -tis fac t o ry for his t o J. o  -:;i cal exo?�-ni nat i o n . The archi t e c ture o f 

the nerve i:; run' :s 1·1as c o;,s i der,s l)ly d e R t roved , a>1d in al l sampl es the 

fine c el lul a r  s c ruc tur e  vvas non-ezi s tent . The s e  f indings 1·rer e in 

bo th the t rans ec t ed and the non- trans e c t e d  n erves . 

On the o t h sr hand , th e nerve S D.IIlples t aken during surger;r 

and from the fr eshly dis s ected dogs were adequat e for hi stol o gi c c.l 

e xtminu t i on . 

Thoo c to.kcm during surgery pere c o ntrol speci mens and d e::JOll ­

s t rat ed th e i10ID'-ll hi s to logy of o. n erve t runk ( Fig . 44 ) .  In 

contras t ,  the specimens t 2.ken duri ng fresh d i s s e c t i o n  (from the 

d i s tal s egment of the t rans ect ed n erves ) sho;Ted c o ns i d erab l e  changes 

fr om the normaL In al l cases the t ypic2l pa tt ern of " Fa l l erian 

degenerat ion'' (Blackwoo d  et nl . ,  1 9 6 3 ;  runckl er , 1 9 6i3 )  IIIDD evid ent . 

Nerve sampJ_ es \·Tere taJ.:en at v.<> rious t imes after trans ec ti on and 

thus a range o f  degener2.i" i on s t9.ges ;,,:ere found . Neverthel e s s  all 

sampl es showed sieni fj_ c ant changes , such as ext ensive areas of 

neuronal degeperaticn ! swell_ ing , d egenera·:_- ion and fragmentat ion 

of the myelin sheath ; and areas of c ompl e t e  loss of a l l  nerv ous 

el ements ( �<'ig .  45 ) .  
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Lit t l e  att ention has b e en given to the relationship betwe en 

the anat oray of the va-t.�al nerv e  distribut ion and the func t i on o f  

different port ions o f  the c :J.nin e  esophagus . '1.'he p:r-es ent s h:cdy l·rarJ 

des igned t o  ov ercOHJG this defic i ency ,  by diss ect ions t o  reveal the 

nerves s upplying the es ophagus , and sur.:;ical t ransect ion o:£' each of 

the appropriat e nerv e::J . 'l'he rosul tm1t dys fuuct ion of the vari ous 

portioEs of the es op!1a.g1.1s Ha.:J then s tudi ed raJiographical ly t o  

det ermine the a rea o f  flliw t i onal involv em ent of each t rans ec t ecl 

nerve . 

'I'h e  resul t s  c l ea rly d er:10ns t ra t e  that ui ·chin the c :.1.niEc: 

es ophagus thre e lL.laj or regions exis t , each 1vit h  a s eparat e ner-v e 

supply derived from branches of the vaGus nerves . '='he;J e re:�·ions 

and nerves are � 

1 • 'l'he c e rv i c a l  es ophagl.l.s , uhich is  snppli ed by tl.w p .lir:::�.:. 

phar-pJ.goes o pha�eal and t:!1e l)aired pcirarecurrellt l<":.ryncoal 

n erves . 

2 .  The cranial thoracic eso phag1.1s , \rhich i �3 rr.e.inl y SUf-IjL_eC. 

by the l eft pararecurrent lo.2.7i.1gea..l nerve . 

3. The caudal thorac ic and abd.ominc\l es o }!hagus , 1:l1ich is 

s uppl i ed by the thorac ic vagi n:1d the vagal nerve trunli::� . 

The s t ructural and func t ional aspects of the inncr�•r,t io;1 of 

the above port ions of the es o phagus uil l ,  f o r  convcniE!!'�e . be 

discus sed s eparat ely . 
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Structural C ons iderations : 

C ervical esophagus 

Definit�. In this thes is the c e rv i c al es ophagus is def ined 

as that port i on of es ophngus ext endir,_g f rom the pharyngo es ophageal 

j unc tion t o  t h o  thoracic inl et . 

l�erve supply . 'l:110 pai rs  of nerves supply the c e r-v ical es o phagus : 

t h e  pharyngo es o phag eal nerves Nhi c h  d es c end from t he c ra.11ial end , 

and t he pararocurront laryneoal n e rv es 1'rhich asc end over the 

c e rv ical es ophag<Ls from tho thorac i c  end . 

In the hvonty one d is s ect ions the c erv i c al es ophagus \TaS 

c ons tant ly supp l i ed by tho pair of pllaryngo esophageal n e rv es H�lich 

unilat eral ly innervat ed tho es ophat_�s f rom the pha ryngo es ophagoal 

junc t ion t o  the distal third of the c e rv i c a l  port ion. 'l'his c onf'iro.s 

the findings of Hvmng et a l_. ( 1 948 )  uho f mmd thes e ne:rves t o  SUJlply 

a s imilar area . Eeid ( 1 838 ) 1·ras one of the earl ies t t o  no t i c e  thut 

the c e rvical eG ophagus vras innervated f rom the pharyngeal ramus of 

the vagus nerv e ,  but it >mo C hauvoau in 1 891 v1ho -vms to c l early 

des c ri b e  the nerve as the i ' o es ophageal b ranch of the pharyngeal 

nerve" . 

Other authors hav e s ta t ed that the nerve s upply to the c �rv ical 

es o phagus in the dog is by variously named d es c ending branches from 

the pharyngeal ramus of each vagus nerve ( El lenberger and Baum , 1 891 ; 

Starling , 1 900 ; Lemere ,  1 932a ; Sisson,  1 95 3 ;  Bradley, 1 95 9 ) . 

Nomina Anatomica Vet erinaria 1 968 l is t s  this nerve as the es ophageal 
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ramus from th e pharyngeal pl exus 1:hicl1 is formed f rom the pharyngeal 

ramus of the glossopharyngeal nerve and the pharyng eal rami of the 

vagus nerve . T his nerve vras invariably p rc::> ent in the dogs dis s ec t ed 

during this s t udy , Hds c l ce.rly defined and 11as the motor inner-vation 

o f  the thyropharyngeus and c ric o pho.ryngouG m"J.s c l es as uoll 2.s the 

c e rv ical es ophagufJ . 'rhus , on a s t ructural and func t i onal buo is i t  

v10uld s e em more appro pria t e  t o  name t�1is nerv e  the pho.ryngocsopho.geal 

n e rv e - a term f irs t propos ed by Hwu:1:; � . .-t...f;.l · ( 1 94:3 ) . 

It is oft en st.:t.t ed that the phc1 ryn::;o es ophag8al n 8l�r 8 a l'is e::; 

from th e pharyflgeal :p l e:.ms uhich has c ont ribut ions f ro<J b o th the 

gl os s opharyngeal aad vag;us ne rves . l'J o i  th er of thes e s tat er:wnts 

could "be subs tant iat e d  by tho pre:s e1;.i; f inding:3 uhi ch a r c  thus in 

compl e t e  agreeE1ent uit h  the findings o f  1 e.:uere ( 1 932a , 1 9)2b ,  1 93:::> ) 

and Hvmnc and hie c ouo rl�e rs ( 1 947 , 1 94:3 , 1 95 3 ,  1 954 ) , vih i c h  uorG 

bao ed on wany detai l ed dis s ec t ions in tJ:.is aroa . It is tlwroforo 

surpris ing t!1<1t the r.10 d crn reference t ext on canine an:1t omy by 

l iil l e r �j- 2.1 . (1 964 ) refc::cs to lhm:-1c- ' s �ro rk bEt at the G aDe time 

s t a t es that the pharyngo es oph.:>.t;cal nGl'V O  rec eives branches from 

the gl oss opharyngoc:;.l o.nd vat.,>L1S ne:::vcs througl.l tllc ph:=L ryngcal pl t�:aw . 

'rh e phar-yngoes ophageal nerve al1'lays o riginc::. t eEJ f rom the 

p!1uryngeal rruuus of t h e  vc::.gus nervo und , furtlwrr.11orc , in almos t all 

cas es its origin is proximal to the vago glos s opha::rj!lg eal int crnorvc 

connec tion.  In thes e cas es no fibres f ror.1 the glos s ophc.ryngeal 

nerve can ent er the pha::rJngo es ophagcal nerv e ,  unless they c ros s in 

the internerve c01111ec tion and travel ret rograde in the vagal 

pharyngeal ramus before pass ing into th e pha::rfl1gO es o phageal nerv e .  

Apart frow. the possibility o f  some f ibres i n  the vagogl o s s opharyngeal 
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c ommunicat ion , no direct c ont ribution fron� the gloss o pharyngeal 

nerve t o  the pharyngo esophageal nerve uas det ec t ed in any do g . 

.All the b ranches f row the gl oo s o ph.::trJl'lg eal and va:.;us i.1erves and the 

cranial c e rvical sympathetic gangl ion are c l early defined , and no 

1 1 ptary;.1gcal pl exus " of nerv- es is p r8s cmt on the lat eral rml lo of the 

phnr-.JTL'L This s o  called ' 1 phar-.;rngcal pl oxus d is lL; t G J  in :Towinu. 

Ano.tomica Vot erinaria 1 968 uncl Homin::t Anato�icr>. 1 968 . It b.:s b G on 

n traditi onal t erm .1nd is stil l us ed in hmnan (i. : [,rifick and ;.iillialil.: , 

1 973 ) and v ot crine..ry anntoruJ ( c:nuvcnu , 1 8 9 1 ; Br..;.dl ey , 1 097 ; 

L ' :?adycan , 1 92 2 ; Sis son, 1 95 3 :  i ,iz eres , 1 95 5 ;  :1cLeod , 1 95 0 ;  

Heigho.rd and J ennings , 1 S'63 ; lii ll e1· _ot _<:tl.· , 1 964- ; L::ty , 1 970 ; 

Ev·'lm and DeLn:mnta , 1 97 1 ) .  On the other tan.d , Veuc;lw.n ( 1 395 ) ,  

Brocll oy ( 1 95 9 ) , Lemore ( 1 S32n ) ,  Doughorty gt :::tl._. ( 1 953 ) , nnd Ii:nbd 

( 1 970 ) dcs c :cibo ·chw o ncnvcs cmd their fo-v;r interconrwctionn but do 

not us e the tern "pl exus " , iThil o  o thers fn i l  to J :J.ont iou C..l".Y int l]r-

norvo c oru1-.;c ti o<lS ( 'J'aylor,  1 ·J55 ; :::>t olco e ,  1 1)67 ; Ro oney ct_.:2:]._. ,  1 967 ; 

Dyc G and . .  ens ine , 1 971 ; l-'o p o s �-::o ,  1 971 ; C rouc� ,  1 0'12 ) .  

\lhon diss ect ing O!"th.ill;wd s pcc i;.wns it uoulcl be lJOss ibl e to 

c c:1fus o the fas c ia around tho ph:l :t:-;)711ir Oal arec f o r  a pl e��u.s of nerve 

fib ro3 , 1.ml ec. s part i c ular cnre is tal: on . lio\rcv e r ,  in fresh CE\dc.w e rE: , 

the nerves arc c l en l'ly defined and no pl exus uas d e t ec t ed. . In 

nddi tion , by us ing tlw pic ric a'1d <-1c ct ic ac id s o lution , the s ourc e 

of fibres ent ering the phnrynt;o o s o phageal nerves rTas readily 

dis t inguished f rom th e surrounding fibrm.lli c onnec tive tissuo . 

h1·mng et al . ( 1 948 ) also reuort ed s or!'.l e  difficult i es l!ith the fibrous ·--- � 

tissue nbout the ganglia nnd us ed electrical stimulu. t i on as an a id 

to det ermine the c o ntribution t o  the pharyngoes o phageal nerve . 
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From its vagal o rigin , the pharyngoesophageal nerve pass es 

over the lateral asp ect  of the caudal pharynx: to the c orvical 

es ophagus . 'l'he nerves on botll s iclcs are dis tribut ed in a. unifom 

manner over the proximal hvo thirds of the c orvical e s o pha.gus .. 

Chauv cau ( 1 sg·1 ) and H1ita.nci et al . ( 1 94D ) found a sir.uilar field of -�-

innervation ,  uhGreas Lemere ( 1 932a ) a::1cl Sisson ( 1 95 3 )  s tat e that 

only the proxim2.l third of the: c orvical es o:pho.gus in suppl ied by 

the pharyngo e::wphageal nEnveG . ·.rhes c report ed differcnc efJ in the 

ext en t  of this nerve supply to the c orvical O:J ophagus mos t likely 

refl ect diff0ro11c es in the cas e 1<i th 1ivhich the various authors have 

been abl e to  detect the terr.,ino.l branches or thoo c nc nves . I G  1-TD.s 

found during the pres ent s tudy that in the frosll co.do.vcrs the nerves 
could be traced to their e;rcate:.;t vis ibl e lenGth , Ui1cl the longer the 

fresh mat orio.l Hc.s kept the more dif:ficul t it �w.s to trace the 

nerves . In the forn�alin owbu.lw3d s p e c imens , the narvos iToro much 

i;:o re difficult t o  trac e than in the fresh opociinens . 

From the clista.l end of the c ervical es ophagus the pair of 

pararecurrent lar-jllgcal nerves asc c-m.d and sup:�2.�- both :." ic". - s of �:.::::: 

c orvical es ophagus , al thotcgh morG c::; op�" . .:.goal b�('D.nches aris e from 

the loft nerve.  Chauveau ( 1 891 ) is the only other Norker t o  report 

the dominanc e of a left sided nerve ::mpply to the cer-v-ical 

esophagus . This asymLietry may restli t fro!J the fact that the 

cervical es o phagus lies more to  the left s ide than the right , and 

so  the left nerve , which is in closer proximity to the es ophagus , 

becomes its maj or supplier. Quantitative measurements on the 

pararecurrent lar)-ngeal nerves may clarify this point . 
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C rania1 thoracic os ophagus 

Def::.:.•.i tion. In this thos i:'3 the cr�nial thoracic e:.:; opha[;us is 

defined t:.s that port i on of eso:Phi:l[>U3 e:xt endir1;5 frOl.ct the thorac ic 

inlcd; t o  a l .:;',rol oppos i t e  the t rachGc;.l b ifurcn c ion ( o l' at a l evel 

betNe::Jn th..) fo•.Lrth and f if th thoracic vort obr.::te ) .  

HelJ!_e S_);l1J";'ly. The nerve s upply t o  tll o c ran::.<-'.1 thure..c ic pE>.I·t 

of the canL10 es o pha6"US ic f:·o'cl hro ::; ourc os . A v e ry  ext ensiv e 

GllPl!l�- co;Jos fro:u1 the l oft pc:t:;_·�t rucurrv;.lt l::'..J:.fll{; Od.l �1e rvo , u.:..1d a 

minor contribut ion C01.10S frou t h e  ri:;J.1t v, tgus :..J. c, :rr o . In fac t , tll G 

s p.:J. n:; it y  of os ophageel fihre;s froli. �;ho riG:i-,.t Vi.l.!JUS iG such t;1L.t it 

c ould abw:..; t be c cnc id.orcd that t l l :;  l eft pGri.l.rocErront ne:rv 0  i s  the 

s o l e  supplJ ·e o the craninl t } w r.:J.c i c  o:::: opha.:;us . j:-Jo othor bro.nches 

of the L ;ft vagus 1wrvo ue:ro found t o  supply this part of t i1e 

es o phac;us . 

'I'hc.::.; .J findings of tiw relat ionsl1ip of -che ri.g:i1t and l eft vagus 

ncr.,r os t o  the cranic.l l tho racic cs o ]_l!tacu:..; :t re in agroo;aent with 

Sha 3o.n ( 1 97C ) . 

1\n adequ.J.t e do:J cript ion of ·!;he nerve s upply t o  the cranie-1 

t horac ic es o pha[.,'US in th e dog can not b e  found in the l itera.ture . 

Some reports simply state t hat the thoracic vagi supply branches to 

the thoracic esophagus ( Do\vgiallo , 1 927 ; flils..1beck and IIil l ,  1 950 ; 

Bradley , 1 959 ) , but Chauveau ( 1 G91 ) and IJ emere ( 1 932a ) imply that 

the left pararecurrent luryil0oal nerve suppl ies the cranial thoracic 

portion of the esophagus . It is therefore surprising that , despite 

the adequat e descriptions of the pres enc e of the pamrecurrent 

laryngeal nerves by Chauv eau ( 1 891 ) and I. ere ere ( 1 932a ) ,  later workers 
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fail t o  mention them in accou..n.ts of es ophageal and l aryngeal 

innervation (Starling , 1 900 ; Hilsabeck and Hill , 1 95 0 ;  Vogol , 1 952 ; 

Bradl c,y , 1 959 ;  Niller et al . ,  1 964 ) . 

Pararocurrcnt laryngeal neTVG3 

In each of the twent y o n o  d.og:J dis s e c t ed in the prGs ont s tudy 

hm recurrent laryngeal nerves >-Tore c ons tant ly found on each s ide . 

For most o f  its c o urs e ,  each rocul'rent laryne oal nerv e  prop or is 

rx.t:ral lclod by a s iillil.::u but s lightly sr;:al l er nerve lyii1g more 

dorsal ly - the paro.recurrent lo.:r;yngeal nerve . 'l1his naL:0 for the 

s ec ond recurrent nerve vias o riginal ly propos ed by Lemere ( 1 932a ) .  

Hcither Homiaa J\natomic.J. 1 ')63 nor i.i omina L.n.J.t OJdca Vct orinari-.-:. 1 963 

list t his nerve , but s inc e it c oc pli cs 1li th their prin.c i pl es of 

nmncnc laturc the term hc.-:s b o on adopted in tlli:J thes is . 

In ouch cas e ,  the recurrent l ::n ... .fllbC.J.l nerve pro per ( the L.to rc 

rucd:i..al a;.ld ven ·� r:J.l trunk ) po.s s os c rar..inl ly in the nock �;;ivL1g o f f  n 

f ev1 f ine twib"s t o  the t rachea . Finul ly , it p cnotrnt oa the la rynx as 

the c<::.udal l:.1.r�rng eal nerve and t o nuinD.tos by bra.r ... ching to sup:;Jly the 

int ernal intrins ic l;:nyngoal mus c l es of the same s ide . l'ro c onne c t i o;.JS 

v1ore found b chroon nny of thos e branches and the c r.s.nial laryngeal 

ne:cv e .  

On the other hand , as each pararecurrcnt nerv e pas s e:J cranial ly 

it gives off many branches to the trachea and th e esophagus . Thos o 

branch es are part icularly frequent from the left nerv e , espec ial ly 

in the cranial thoracic regi on . This c ould be explained by the fact 

that t he left par�recurrent nerve is the s ole innervation of the 
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cranial thoracic esophagus , 1vh ereas the c ervic al esophagu.s rec eiv es 

a bilat eral and dual nerv e  supply . Des pi t e it s dev elopnent as a 

midline s t ruc ture , the es ophagu.s c ranial t o  the tracheal bifurcat ion 

has a pr8dOI!n.nantly l eft :::: ided ilmervat ion from the l eft pa rarecurrcnt 

laryngeal ne:;_ye and in this rocion l i es to t .l1e l eft of the midline . 

The abov e  fac ts relating t o  l ef t  s ided as J�klC t �y could be c o rrela t ed 

on the bas i s  that devo lopment ally 9 tho n e rv es in�10l'Vat e the esophagus 

after i·c b ec oE,e.s a l eft s i ded ::; tructu.re , but as yet there is no 

evidence t o  support this h:rpo thes is . 

At the ir c ranial and caucl.al ends the rcc'-l:rrent and pararecurrcnt 

laryngeal nerves oft en l i e  c l os ely appos ed , or even uithin a c ommon 

nerve sheath , but the hro trunks can b e  cl early s el.J8.ratecl . J.�rou 

thoir caudal end both nerves a 1·is e e ither frou tho V2.gL13 nerv e  in a 

short c OL'll 1 0n t runk o r  a::; t•rc s epara t e  nerros f rolll Jcl1e pa:;_·c:·1t v . .:1 • .::'-'-D . 

In the l'l. t t e r  cas e the pa1·arecurrent n e:_..,re ta.�:es ::_t s  origin iml e di :J. ·c ely 

caudc:.l to that of the recurrent nerv· e p_;_·op-:n· . _'\.-t th e c ra:1ial cncl , 

\vithin tl1e la rynx , the :oe rarecu:crent clerve r1.i7 6T(;C3 from the 

recurrent ne :•:irC and cont inue.3 as t l. te ana:3 t01:10"c ic r:J.Em;::: o:L the 

int ernal bra1:c :1 fru.ru the ips ilo.t eraJ craniaJ J ,:L)'T'.[jeal nerv e .  

This description o f  the doubl e J.'ecurrent lA.:r·yneeal ne:rvo::; 

c ompl etely supports the earl ier a c c o unts by C:tauveau ( 1 8 91 ) aml 

L emere ( 1 932a ) . Sis s on ( 1 95 3 )  e.nd Sha Ban ( 1 970 ) prov ide s lliilar 

repo rts but s tate that the pararecurrent nerr es supply onl y the 

c ervi cal esopha{,J"Us . J.'.dl ler .E?l._�l-.· ( '1 964 ) ,  by s t ating that t he 

pararecurrent laryngea l ne:rve is " inconstant " , have mis int erpret e d  

Lem ere ' s  ( 1 932a ) pap .J r  i n  l-rhich , i n  fact. , Lemere stat es " the 

pararecurrent may rarely be inc luded in the recurrent in dogs , but 
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it usual ly runs as a s epara t e  nerve or as a plexus" . 

Caudal tho racic and abdoeinal cs ophagus 

Defini t ion . In this thes is t�1at part of the es ophagus ext ending 

betue en the l ev e ls of the t racheal bifurc :..1tion and the diaphragm is 

defined at.; the c audal thorac i c  es ophagus , >vhile the abdominal 

es ophagu.s is the short terminal s eg"J..:;lent ext ending b eh1een the 

diaphragm and the st offiach . 

Herv o suppl;y. The nerve supp ly t o  the canin e  es o phagus cauda l 

t o  the t racheal bifurcrrtion is frow t h e  ri::;ht and l eft vagus nerves 

(caudal to the o rigin of their res p e c t iv e recurrent laryngeal n erv es ) 

and their resul t ant c onjug-at e do rsal and v ent ral vaG'al trun.l<s . 

The right and l eft vagu.s nerves clo not divide a t  the s aJJe l evel , 

nor are their resultant d o rs al and vent ral bra:1ches of e qual di3.Ia e t e r  

and. l ength . Furthennore , the fus ion of thos e dorsal branches to f orru. 

the dors al vagal trunk o c c urs at a diff e rent l evel frofil its v entral 

count erpart . 

Both vagus nerves divide int o  d o rs a l  and v entral branches in the 

region dorsal to the t racheal bifurcat ion . Howev er , the right vagus 

al vrays branches c ranial to the l eft vagus , v1hich agrees with the 

findings of Hils abeck and Hil l ( 1 950 )  and Bradl ey ( 1 95 9 ) . The 

dis tanc e between the levels o f division is one to one and one half 

vert ebral l enc;t hs ; a differenc e rrhich C hauv eau ( 1 891 ) , Do>vgia l la 

( 1 927 ) ,  Sisson ( 1 95 3 ) , Hizeres ( 1 955 ) , and Miller et al . ( 1 964 ) have 

not report ed . In addition , the dorsal branch from the right vagus is 

greater in diameter than the ventral branch , whereas on the l eft s ide 
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the ventral branch is the larger. Thes e differences are readily 

visibl e to the naked eye but Sisson ( 1 95 3 )  is the onl y  other vmrker 

to report such diff erences .  Despit e thes e differenc es in dia0et er of 

their branches , no vis ibl e differenc e in s ize can be det ect ed bet1veen 

the right and left thoracic vagus nerves nor b etween the dorsal and 

v ent ral vagal nerve t runks . 

Finally, the formation of the dorsal vagal t runk occurs hm o r  

thl�ce v ert ebral l engths caudal t o  t h e  f o rcla tion of t h e  v en t ral vagal 

nerve t runk - a marked diff erenc e •rhich "\'lns a lso not ed by Hilsab ecl;: 

and llil l  ( 1 950) , l ii � eres ( 1 955 ) and Bradl ey ( 1 95 9 ) . It is believed 

that this thesis provides the firs t  ac curat e record of the ac tual 

sites (ui th referenc e to v e rt ebral l evels ) uhero the vagus nerv es 

divide and again rej oin t o  for:1 th e vagal nerve t runks  in the dog . 

;i'he nerve supply from the vat;ll.s nerv es and t runl:s to the caudEll 

thorac ic and a b dominal es ophagus pres en t ed no unusual or ne>r f eatur e;:; , 

and i11 fact the nerve dist ribut ior: patt en1 is ess ent ially in ac co rd 

uith that found by previous 1·ro rlcors ( Chauv eau , 1 fl91 ; Starl ing , 1 90u ; 

DoHgiallo , 1 92 7 ; Hil:.Jabeck and Hill , 1 95 0 ;  Sisson , 1 95 3 ; I"liz eres , 

1 955 ; Bradl ey , 1 95 9 ;  t•tiller e t  al . , 1 964 ) .  

Embryonic devel opment of the os opho.gus and its vagal nerve suppl_y 

Studies in eso phagoal organogenesis are fovr and c ompletely 

inadequate , so much so that none provide any info�ation that may 

l ead to  a better unders tanding of the development and dis tribution 

of the adult nerve supply to the ent ire es ophagus . Indeed , no 

literature is availabl e on the organogenes is of the canine esophagtl3 

or vagal nerves . 
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Standard t exts on d evelopmental anatomy bri efly ment ion the 

d ev elopment of th e es opha� , but not the nerves , in man (Baxt e r ,  

1 95 3 ;  Fatten ,  1 964 ; �iroy, 1 965 ; Fatten,  1 968 ; Langman , 1 96 9 ;  

Harv1ick and ;Iill ians , 1 973 ) and in the pig ( Pat ten, 1 948 ; Fat t en ,  

1 964 ; Arey, 1 965 ; harrablo , 1 97 1 ) ,  and the appearanc e o f  nerve 

fibres in the esopiwge.J.l v1all of th e fetus has b o on reported in ma:. 

( Indar Ji t ,  1 955 ; Smith and 'i'ayl or , 1 972 ) a:i.1d in the pig (li'l int , 

1 907 ) .  Hoverthcl cs s , a dovol opwental account of tho pat t 0rn of n e rv e  

supply t o  the es ophagus is s till mmi ted.  

In the developing human embryo , the es ophagus forms from tl1nt 

port ion of primitive foregut Hhich ext ends behrec:n tho priffiit ivo 

pho.rynx and larjnt;ot rachoal furro11 , and the more c:mdal dilutation 

marking t � w  primi-Civ e  s t cLtach. Init ially the es ophagus is  very short , 

but it l el1gthe:1S rapi dl y  during the pro c es s  of noel� dovolopsont and 

1-lith the ass oci-::.tod d es c ent of the p oricardiw0. ( Baxt cr, 1 95 3 ;  

Arey , 1 965 ; kngman , 1 969 ) .  'l'he s t riat ed mus c l e  fibr es of the 

es ophagv_s are deriv ed f rou the br<:cncl1ial arch r1es odon:1 ( Schofiold , 

1 968 )  . Ev- en though this ace mm t is f:rou hur12n eu1bryo lOGY, a silllilar 

s equeuc e of events vrould be expec t ed in the canint: embryo . 

During development , the primit ive s t onnch nndorgo es a s o  called 

rotat ion of ninety d egrees about its longitudinal axis , s o that its 

original l eft uall becomes v entral in pos i t ion and its right l'm.ll 

becomes dors al . It is suggested that there is probably a s imilar and 

c oncurrent associat ed rotation of the primit iv e  es ophagus caudal t o  

the t rach eal bifurcat ion . The es ophagus in this region would be free 

to rotate s inc e it is not constrict ed by adj a c ent struc tures as are 

pres ent c ranial to this level . The resu l t  'lrrou ld be that the original 
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left wall of the c audal en o ph8£US and s t oLlach nou bec om os their 

definitiv e  ventral -v;al l .  I t  is therefore poss ibl e that thos e changes 

are ass oc iat ed uith the change in p o la rity of tho vagus nerv- es , frou 

right and l eft lat eral t o  dorsal and v entral v2.gr.:.l nervo t runlcs . 

b1 addi t i on ,  ro tation of the es ophaeus and stomach uay account for 

the l&rge c omponent of the, l eft vagus in tho ventral vo.cal t rtu1l: and 

v ent ral gast ric nerv es , and c. s imil.J. r l a :cgo c o�.:ponent of right vac;a l 

fib res in the dors al vc.cal tru..·'ll� and do rsal gas t ri c  nerve�; .  .A 

d e t ail ed s tudy of the es oph<:tt;clS and the develop'-flcr:l"i; of i t s  ext rins ic 

n erv e supply coul d ol uc i clate  this hyp o t hes is . 'j,_lrui::;k and \:illi<J.i,'G 

( 1 973 )  b ri efly explain tho cliff orent Ol'i,:_;ins of the recurrent 

la:cyng ea:;. ner-:os in mo. n .  

So:.Jo po t ·J!ltial ly vnlu.o.ble and int ere s t inG ros ertrch £el a t ed to  

es opllc.,:s oal innr__nvation c ould "be carri ed out o�J. G OID0 D.�1:i.Lt:::-.ls Hi  t 1·1  

c ertain c o nc;onital anor.1o.l i E.:s , In th e doe , :?ox ( 1 96G ) s t<J. t os 1 1 one of 

the c ommon es t es opha,;eal ano�u.lics ari s es f ron ::; o::.1s t ri c t ion by 

vas cular eubryoni-:: remnant s  of the c.o::c· --c i c  arch'1 • 'l'he l is t of defects 

in t his s p ec ies uhich -vmuld be suitabl e and uo r-[;}q of more 

inves tiga t i on uould thus include ,_,borr<:mt :right subclav icJ.1l .:..rt ory, 

double aor t i c  nrch ,  right aortic arch , int errur)t ed ao rt ic arch ,  o.s 

-vm l l  as hered i tary ac!1alo.s ia and es ophacenl fis ttllao m1d at res ia . 

'l'hos o pres ent ed vTi th an anorualous origin of the right s ubclav iaYl 

art ery or v1i th aort ic arch anomal i es c ould , on elllbryologicnl grounus , 

b e  exp ect e d  also t o  have an anomalous right and o :r· l eft recurrent 

laryngeal nerv e .  If thes e s it uat ions •:ore pres ent in the dog , as 

witnes s a cas e of ar;.::>hlal ous origin of rj ght subc l avian art ery i n  

man (Grant , 1 962 ) ,  thGi1 it c ould b e  expec t e d  t h8.t the righ t recurrC'n t 
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nerve -vmul d not supply an:r branch.:;s to the es ophagus hut c ours e by a 

short ur d ir ect rout o to the lo.ry-K;: . Acc o rding to Grant , houev c:r , 

the defic i ent rocurront b runches :o the os oph;;,.gus and tl·:-�chca in this 

recurr0:� 'G l o.ry1J.t;onl nerv es a r c  a :J :J o c iat od vri th the do•:,bl e  aort ic 

1ll'ch anot.t��l.·f in rw:cn ( n l in c o ·  · et n 1  1 C:7.6 \ ... .-� -·· ......., _.,:,_ ·-"::.� • ' -' ..)  I • 

rep o rt e d  i:.1 tllo d.o(� (Vi tmu:::: , 1 9G2 ; IIcmuoocl n21d Ur0on , 'I 964 ; 

DoiQocr, 1 S70 ) the aut:1o1--::> "IH::ro unublo t o  o1:,o orva tho cours e of the 

right recurrent laryn,�·�al norv· o . Un.fortunc..t cly s uch ce.s 8s o.re o f t en 

cl io c ovorGd in t !10 ar2tonJ clis s uc t i oa l�o o;J or o.t n ec ropsy a .f t v :.:· 

rc;c ulTOLt larfn::;·oal llO l.Y O in tllv clo -� , thus if ar..y do:2; Hero to  bo 

cling:o.os od , it HouJ.-l 0 :) il'.fOJ.':'ncc iv o if el ectricul s t i. ·.u� <.). c i on o.nd 

out bofor0 surgical t rc<:c"c;�ent or vutha:·1.J.Sia . 

di s s ection of th o vo..gi a!Hl rocn:r·l�ont ner-..ros o.nd their os opho.goal 

rami should be mo.de if p o;.; s ibl e . 

harks ( 1 969 )  sta t ocl that a gir<�f f e  or giraff cn (nm!b e r  oxnmhod 

not s:pcc if i e d ) did not poss ass rocur:cont lar�rngeal :1ervos , but instead 

the caudnl laryngsal nerves pas s ed direc tly from the adj ac ent VD.gus 

norves to the la:rynz . That thin s tat em ent is c:h.arac t eris t i c  of the 

giraffe s p ec i es , Giraffa car.e_l oparcl.:..l is , Lms t be o erious l y  ques tioned 

s inc e ,  if it 11ere t ru e ,  tho::.1. the s equenc e of cranial nerve and. 
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cardiovascular development in the giraff e mus t be signif i c ant ly 

different from the o t henri s e  univ ersally acc epted pat t ern of 

mammal ian development (Ioung 7 1 957 ) .  
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Functional C onsideration�: 

r1ethods of s tu§.Y.. 

Nany experim ental methods hav e been us o<l t o  s tudy the fu:::1e t i on 

of the ec ophagu.s . Among thos e arc direc t or :radi u2,·1ap��ic obs ervat i o:<:,.s 

on motilit y ,  intraluminecl pres sure recordings , and s tudios on the 

effects of oi t h e r  elect rical s t ir.tmlat i on or n o rv o  t rans ac t ion . In 

the pres ent s tudy , ro.diogro.phic t o c rilliquos uore chos en :1s they o. l l oue;d 

o bs e rvati ons to be EJ.ado in o. t ruly :phys i ologic al ruo.nnor . 'l'o achi ev e  

this , t h e  anim�. l s  un<ler study H e r o  t r:1ined t o  s to.nd quietly iil e 

no rr..nal pos ture on o.n X-re..y tabl e ,  and co.t bariU!ll imprcgno.t ed f o o d  

from a boul s ituat ed jus t in froilt of t}l8ir forepmrc . ,.:1li l s t  tl'.cy 

f re ely c.te t he ir meal , c ineru.dioeraphic and v id e o  equipment m1s no eel 

to obs erve and rec o rcl entire o3 oph.::1.gcal mo 'Cili ty sequcmccc by 

f o lloi-Ting onch barim1 ir.1prc::;no.t ed boluc from t :.10 ruouth to the s t oco.ch . 

Apart from Lon:shi t.>.nd Jordan ( 1 97 1  ) , 1vho als o oxo.mined the 

es o phagm; in c ons c i ous doe-s in o .  no ruul s t anding po s i t i on ,  previous 

res earcher-s on this sub j ec t hav e rel i e d  on phys i cal m eans o r  

phnrma c o l ogical agent s t o  res t rain ( either b y  general ana enthes ia 

or s edat ion ) their oxper�ental animal s 9  or ho.v e plo.c ed the animals 

in a recumbent pos i t i on , or us ed a tube to introduc e mat erial int o 

the animal ' s  oml c av i t y ,  pharynx , or os ophagus ( Langl ey, 1 898 ; 

I�elt z cr,  1 899 ; Carl s on �:t_a1,. , 1 922 ; Jurica , 1 926 ; Knight , 1 934 ; 

Burget and Z eller, 1 936 ; Zel l er and Burget ,  1 937 ; Grondahl and 

Haney , 1 940; Hvro.ng .£i__aj._. , 1 94 7 ;  I-h1ang et a],_. , 1 948 ; Hwaug , 1 95 3 ;  

H\'mng , 1 954 ; Doty and Bosma , 1 956 ; Deloyers _9t al .. , 1 957 ;  Schl egel 

and C ode , 1 958;  Botha , 1 959 ;  Carveth et...Q._�_. , 1 962 ; Greemrood et al . • , 
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1 962 ; rianzano et al . , 1 964 ; Higgs and Ellis , 1 965 ) .  It s eems likely 

that such metho ds may influence the mot i lity of the es ophagus 

(Heltzer,  1 899 ) , as they do o ther parts of the gas tro int estinal 

t ract ( Zontine , 1 973 ) . 

In prev ious studies o :1 the es ophagus , f evr delet erious s i d e  

ef fects f rol!1 vari ous neurec t o!Jlies ,  1-ri th t h e  exc eption of b i l a t e ral 

recurrent l aryngeal neurec t omy , have b e en enc ount ere d .  I n  this lat t er 

caf.:J e houev er , b ilat eral la rync;eal paral ys is oc curs , and aspir, '.t ion 

pneumonia has been c onsid ered or has of t en b e en o. l ikely s equ.e l 

( Lont,· et ::1 . , 1 959 ) . for this ::.·eas on uta s t  earl ier \vorLers hav e 

e i ther ;:w oided this neurec tomy o r  hav e c aut i ously ensured t ha t  at 

l ea�s t one recurrer"t laryngeal nerve rei:Ja.ined in tact . Al t ernativ ely , 

a r t ificic.l airuays hav e  b een introduc ed into th e e�cp erinc:1tal 

animals . For exampl e , Long et al. ( -1 95 9 )  and �Ii ggs and Lllis ( 1 965 ) 

pe rfonned laryng e c t omies on their exp erimente.l doc;s , 'out nev e rthel es s ,  

wi th their c o nc e rn t o  maintain an ai r\.Yay , t:1 es e and other vro rk e rs 

must hav e unav o i dingly s evered o r  9.t l eas t damaged one or wore of 

the nerves tha t innervate the c e rvical es ophagus s ince tl1eir 

reports do no t mention any p recaut i ons to l eave i ntac t the impo rtant 

n e rv es in and around the laryngeal aEd t racheal areas . The aerves 

in this proximity are the pharyngoesophageal , recurrent and 

pa rarecurrent laryngeal nerves , and the anastomotic ramus behreen 

the pararecurrent and the internal branch of the c ranial laryngeal 

nerves . Since damage to thes e es ophageal nerves does interfere 'd th 

the nor12al nervous control of the es ophagus , tracheostomy or 

laryngectomy should not be used in c ritical studies of esophageal 

phys iology. Furthermore , s ome doubt must be plac ed on the validity 

of results obtained after thes e preliminary ' precautions ' .  
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In the pres ent study , the only precautionary measure taken was 

t o  perform a b i la t e�l laryng eal v entriculocord ec t oQy on each dog 

before it ent ered the experiment . ri'he healing fibros is froui this 
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simpl e surcical proc edure f ixed the aryt enoid cart ilages in an abduct ed 

pos it ion ,  and a pat 0nt airua;y was thus en.sured throughout the exp eriment . 

Jurica ( 1 926 ) achi eved s imilar rosul ts Ni th e l ec t ro co.ut ery .  

Six dogs underuent bilat c:-al recurrent laryngeal neurec toli.ii es , 

either directly or indirectly by vagal trans ection.  One , 1"1hich d ied 

short ly aft er surge17,r , vras found to hav e bilat eral pneunotho rax and 

aspiration as phyxia , but in the rer.1aind er no respirat ory problems 

ass ociated 1vit h  laryngeal paralys is vmre obs erved des pit e  the fac t that , 

du ring the immediate pos t open.1 C ive rcc ovel"J period r;ws t dogs exhibit eJ 

pro fuc.: c oo.livu t i on in conju...1c t ion •:rith varying degrees of d y:.Jp:w.gia . 

Houev er ,  the exp ec t ed risk of aspirat ion. asphyxia uas diminished by 

us il1G atJ:·opino s ulphat e to control the salivaJc ion during this p eri od . 

'l'ht:reforo , for suc c es sful nnil:i!a.l management in c anine es ophageal 

atudi es , this siwplc and effective t echnique of laryDgoal ventriculo­

cordec touy and pos toperat iv e  atropine sulphat e adL1inis t m.t ion is 

rec olllillended . 

C ervical esophagus 

The produc t ion of a paralys ed c erv ical es ophagus by bilat eral 

trans ection of the pharyngo es o phageal nerves c onfirms the func t ional 

involvement of these nerves in this region of the canine es ophagus . 

Thes e  findings s upport the work of H>vang et al . ( 1 948) vrho l ikewis e 

examined their dogs by radiographic means . In addition , by 

e l ec t rically s t imulating the pharyngo es ophageal nerves , Lemere 



( 1 932b ) and Hwang et al . ( 1 948 ) reached a similar conclusion. 

In the pres ent study, the caudal limit o f  es opl1ageal paralysis 

varied betvreen the tuo dogs and 1-.ri thin each dog on different occas ions , 

but rernained bet ween the l evel o f  the fifth c ervical and the first 

thoracic v ertebrae . 

An u_11.expect ed and previously unreport ed fi!l.ding f o l lo•ving 

b ilat e ral pharyngo es ophageal n eure c t omy uas that , in addi t ion to a 

paralys ed cervical cs ophab� , the thoracic es opha�us als o appeared 

puralys ed at c e rtain times during f e eding . This oc curred especially 

v1hen the dogs svmlloued large bolus es in ra:r-id succession ,  so that 

the paral�rs ed c erv ical es op;mgus s o on became fully packed 1ri th meal . 

l!ith c on t i nued eat ing , the Iil<J.S S of m ea l Has progress iv ely shunt ed int o 

the thorac ic esophacus , and s omet imes a s o l id co lw:.m o f  m eal 1·rould 

ezt end f rom the pha ryngo es ophageal j unc t i on to the diaphragm. This 

is c on t rary to the finding of lhn.mg et �1 . ( 1 943 ) Hho repo rted that , 

follo\·ring bilateral pharyngoesophagoal neurect omy , the thoracic portj. on 

of the es ophagus remained functi onal ly nonnal . 

'.1'lw.t t he thoracic es ophagus 1ms no t primari ly aff ec ted by 

pha:;:yngo c s o phageal neur ec t omy was evidenc ed by the fact that , in the 

early s tages of each meal and at o ther t imes during the meal , bolus es 

passed through this region of the esophagus in an app.J.rent ly normal 

manner . The thoracic esophagus appeared t o  function abnormally only 

"lThen a mas s of :cwal was pushed into  the thoracic region in greater 

volume and at a more rapid rate  than 'I'Tas normally experienced 1dth 

the usual sized boluses . Perhaps a protective mechanism exists , with 

high threshold inhibitory rec eptors , 1-1hich '\'Then stimulat ed ( in this 

case by a large volume suddenly arriving at the thoracic inlet ) would,  



through the s l·m l l o>ving c ent er, b l ock any cont rac t ion waves pas s ing 

through o r  b eing initiated L� t his region of the es ophagus . 

Al tel�tiv ely , thos e obs erva t i ons c ould b e  int e rpret ed as an 

indic ation of dis tal neuromuscular activ ity b eing at l eas t partly 

related to or c ont ro l l e d  by the proc eeding ac t ivi ty in tw re prox ir::t.J.l 

es ophageal ::wgm ent s . It is sugc;es ·c e d  that the normal func t ion and 

pas sage of a bo lus through any pa rt of the cs o:phagus is dependent t o  

s ome ext ent on the normal neuro1mscular ros pon:::; es a n d  th e passage o f  
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a bolus th:r:ough the adjacent proxih.al s cgillent . Longhi and Jordan ( 1 971 ) 

r eached a s iLlilo.r c o nc lus iOi.1 and IIondri::� ( 1 974 ) sugges ts that the 

c ont ro l of thj_s int erdep endenc e is m ediat ed through the c ent ral 

s ual lo11ing c cm c cr . L parc:,lys ed c erv ical es o�:llagus wo ct ld int errup t 

the uav e s equenc e ,  and perhaps ::m o t h er 1·r::v 8 typ e , a l  boi t l es s  

effic i ent , coul d  be invo lved dis t.J.l t o  t h e  p�ralys od ret:;i on . 

'.Chi:::; ph enomenon of t cr,ipor..lry p.J.res i s  and meal retent i o n  in u.n 

appa.ronjc l y  normal s egment of es ophat,"US distal to a paralys e d  s egment 

was s itaiJ.arly obs erved in tuo dog:.:J aft e r  bil<::.t er.::>..l r,,curroat lu.ryngoal 

nourec t oe1y , fwroove r ,  t llis phenom enon e-Tas als o ob:3 ervcd i:1 thre e  int act 

doGs : in the choracic os ophagus in hro dogs , and. in tho c orvicnl and 

thorac ic es ophagus of the other dog . If plu.t e radiogrd phs h.sd b een 

taken of t he s e  c l inica.l ly normal dogs Khen the large mas s  of meal was 

t emporarily in the tho rac ic regi on , a c ompl et ely fals e diagnosis of 

ach.J.lasia or mega es ophagus illc:ty hav e been indicat ed. 

Aft er bilat eral t rans e c tion of the pharyngo csophageal nerven , 

the c ervic al es ophagus remained paralys ed throughout the 45 day 

pos t operativ e o bs ervation period . 'fhis c ont ras ts with the findings 

of H1�ng ( 1 95 3 )  who report ed that func ti onal rec overy occurred 
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" in the cours e of a fe1v tme::.;:sn , and his opinioi1. vms that the recurrent 

lar-.tneeal nerv es gain e d  c o n �ro l  of the �.no tili ty of the c erv ical es ophagus 

and ue1·e respons ibl e  for its rec ov ery . 

Previoua l y ,  it he.s b een s ta t ed t hat the :cecurrent la r.}'Jlgeal 

nerv es •re:re entirely s ens ory to tile c ervicc. l  esophaguG (Chauveau, 

1 891 ) .  Hm·rev e:r, in this current exp e riillent it uas f ound that , uhen 

thes e nerves 1wre t rans e c t e d  at their o rigins , the c e:;:vico.l es ophagus 

funct ionec"t. abnormal ly in tha.t the c ont rac t i on ;rav es appea:ced t o  b e  l os s  

effic ient than before t rans ection .  On e explm::.o.tiu:1 C O i '.lu be  that 

thes e nerv es c o ntribut e mot or sup1�ly to this region of the es opl1a,;us . 

Other vmrkers have als o  c onc luded Jc11at the recurrent nc;:tv os a. re 

inv o lv ed in the motor c o ntrol of the c e rvical e:s oJla;<;Lls ( Kroneclwr 

and J"uscrw r ,  1 S96 ; Lem er e ,  1 932b ; II1·rang , 1 'J5 :J ) , <-.ltho1.1.gh i.: er JG re 

( 1 932b ) stat es tll.:.t t}w pa rarecurrent nerves a re lllot or , s e c r etouot or , 

and s ens o ry t o  t11e lo\;er t im thirds of t�1is reci m1 , and �iuanG ( 1 95 3 )  

coul d , �y el ec t :cic::;.lly s t iPmlat ing the rccur1·ent lal�y-n,;enl nerves at 

the bas e of the neck , produc t a co11tra c t i on of the c orv ic:al es o pha r;v.s 

but only af t er t rans ec t i on of the pharyn:;oesophac;eal EGivos and not 

b ef o re . 

C ra�ial thoracic e�opha� 

�lhen both recurrent laryngeal nerv es ;.rcre t rans ec t ed at their 

orit;ins , no ext ernal signs of esophagea.l dysfunc tion 1vere obs erved 

even though radiographic examination reveal ed that tho esophagus in 

the cranial thoracic regi on was paralys ed . 

'rlw dis tribution patt ern of the left pararecurrent laryngeal 

nerve indicat es that it is the major nerve inv o lved in the func tion 



of the cranial t horac ic esophagus . In this study, the trans ection of 

the right recurrent la ryngeal nerve pro duc ed a slight dys func tion in 

the c ervical and crania l tho rac ic es o phal5'US . Subs equ ent l y ,  \'Then the 

l eft recu:;: rent laryngeal nerve uc.:.s t ra.ns ec t od ,  the ext ent of pa ralys is 

increas ed s ignificant ly t o  inc lude paralys is of the cranial tl1 0 rac ic 

es ophagus . Al chouch t;;is 1:ould support th e s t ructural f indings . the 

poss ibil i ty t�mt the inc reas e in the ext ent of paralys is uas a 

sumrna t o ry effect of both t rans ect ed nerves can not be dis counted . 

Such a po s s ib ility could be t es t ed by fu rther tr.s:.ns ec tion experiments 

in 11hi ch only the l eft r ocurrer�t larJnc eal nel·ve is s ec tioned . 

L1. addi t i on t o  the para l ys inc effect on the cranial thora c i c  

es ophag-as , s or;1e minor c!1ang· os L.1 1ao t ili t y  VTerc a l s o  s een imr,�odiat uly 

c ranial and caudal to this rc..:gion .follolTinc bi la t cra.l rccurren t 

laryngenl neurec t omy . C ontr.::�ct ion vw.ves pas s ud over thes G j unc t i onc.l 

z ones in a l e:::; s eff ective manner than befo r e  neurect o:a:; . It s e orJS 

reas onabl e ,  on s t ructuretl grounds at l eas t , to <J.sswne that thes e 

j mlCt ional z o n es c orres pui!cl t o  esoph.:./;eu.l re,;ions over HDich the 

recurrent lar-yng oal nerves have onl::r part ial control , the baL:mc e of 

the im1tnv�·-1c i c n being frOJ'l tlle pitaryngo ou o phaceal nerv es c ranially , 

and the thorac ic vae;i caudal ly . 

L1 earlier a c c ounts , Lronecker and Lu.s chor ( 1 896 ) found t hat t:rw 

recurrent laryngeal nerves brought motor fibres to the cervical and 

cranial thorac ic portions of the es ophacus (::rp eci es not c i t ed ) , and 

Huang et al . ( 1 948 ) found that elcc t rico.l s til!lulation of the recurrent 

laryngeal nerves at the bas e of the neck had no eff ec t  on the 

esophagus . As has already been pointed out earlier in this thes is , 

it is the cranial t horacic esopha�-us that is mos t richly supplied by 

the ( l eft ) pararecurrent laryngeal nerv e ,  and hence to discover its  
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effect this ne rv e  mus t be s t imulat ed at its origin in the thorax and 

not in the bas e of the neck . �·'urthom.ore , 'l'rhen HI-Tang et al . ( 1 948 ) 

stimulat ed the c ervical va6Us on either s ide , which would hav e m eant 

excitd.tion of the rscurrent m1d pararecurrent laryngeal ne rv es , the 

resul t 1·m.s c ont :caction of the \Thol e t: w rac ic p o rt ion and t h e  lo>·renaos t 

hro t o  three c cmtihlet ers of the c 0rvical po rt i on of es ophagus . 

Hovrever , s ince of the r ecurrent bre.nches , the l eft pararecurrent 

laryngeal nerve p1·ovidos tllo gro<:�.t cs t  supply t o  thi:J region , it could 

have boGn exp ec t ed that the rosul t report ed by Hua.;.1g et al . ( 1 948 ) 

would hav e  b e en obtained by s t imulation of the l eft VO.[;US Oi1ly ,  

•·rhil o s timuh.t ion o f  the ri[�llt vagus Noul d hav e rwult od L1 

conh·gc t i on .::rcarting at a s l ichtly lJoro c audal level in the thorax . 

.JiL"t cral vagot omy i.EJI:tediat ely c audc.l to  the iD.iddle c ervi cal 

gangl ion resu lt ed in a radiot;raphic pic ture; of pcnalysis of the 

tho ret.c oabdominal eso pha;�;us , dilat at ion :'.ll.d meu l ret ention L1 the 

thorac ic po1·ti on , dolo.ys in the pas sage of ma t erial f rom the es ophaGUs 

int o the s tOi.mch , o:tnd moal regurgi te.t ion. 'I'his thes is is the fi rs t 

to repo rt this part icular bilat era l  v::J.got mlly . Similc.tr results could 

hav e been o btai11 0d vrith bilat era l  c ervicc1l vago toilly but the 

intrathoracic s i  t o  was chos en as a standard proc edure so that a l l  

dogs that underuent vagotomies als o undenTGnt int erc o s tal 

thoracotomies . A c ranial thorac ic vago tomy 1-Ti th intact ansa 

subclavia alno avoided all el ement s of Horner ' s  syndrome . 
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l"ihen bilateral vagot omies 11ere performed at more caudal levels , 

the extent of esophageal paralysis uas c o rrespondingly l es s ened . In 

fac t ,  when vagotomies 1-1ere perfomed imm ediat ely caudal to th e 

origins of the recurrent laryngeal nerves , the c ranial t horac ic 

es ophagus remained func t i o nally normal as its ne rv e supply - tl1e 

l eft pa:::a recurrent laryngeal nerve -· remained 
. + .L ln vac � .  Houev er , 

bilat eral vago t omy imm e d i a t ely c:cania l t o  the o ri.:;ins of the 

recurrent L.nyngeal nerv es produc ed the sawe eff ect as bil&·c eral 

vagotomy ilill.uedi<lt ely caudal to the middl e c ervical gangl i on . Thus 

the impl icat ion is ti1at b et ue en the middl e c e rvical ganglia and tl1e 

origh1s of their resp ec t iv e  recurrent la ryng eal nerves , t l1e vaguG 

nerves do n o t  giv e o ff any s i0;.1ific.:mt innerva t i on to  t he es op.�la§.1.'.S - ·  

a f.J.c t that is also suppo rt ed by the earl i er diD s 8c t ior:.s . 

Silli lar f inclinc;s of t he func t ioaal iav o J  v cn:,e::.·i:; of the tho rac i c  

vagi in the c::mino eG O i)llagus :1ave b een well docuwent ccl by prev ious 

vrorkers (Chauv eo.u , 1891 ; S t.:l rl in; , 1 900 ; Juri c .1. , 1 J2G ; Gro:r.dahl 

1 95 S ;  C�lT�reth et �· , 1 962 ; Greemrooc. _§)_i;_a_l_. , 1 962 ) . 

C ollcurrent Hi th esopha.geal pa ralysis aft er vago t omy , th ore vl&.3 

also interferenc e 1ri t!J. the norrno.l pas sage of mat erial fron the 

es ophagus int o the s tot1ach . A s1.uo o th mus cle g:::>.st ro e:::; ophageal 

s phinc t er do co cxio t and the evidence relating to its pres ence is 

dis cus s ed by \.'ats on ( 1 973 ) .  Howev e r ,  from obs ervat i ons made during 

t his 1vo rk, it appears that the terruinal es ophageal s egment as l•rell as 

the s phincter c ontrols the passage of material f ron osopho.gt�s 

t o  s t omach . Therefore vrhen consid erin.c; the func t ional mechanisms in 

this region the t erm gas t roes ophageal junction should be used . 
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A considerable number of worko rs hav e attempted t o  det ennine 

the function and control of the gastro esophageal. junc tion , but still 

the normal oporc.tiv e  mecha.nisms in this a rea are not c l early under­

stood (Langloy, 1898 ; Carlson £i al . ,  1 922 ; Kni�·ht , 1 934 ; Burget 

and Zcller , 1936 ; LendruLJ, 1 937 ; Zeller and Burget , 1937 ; 

Hwang at n.l .  , 1 94 7 ;  Lorche , 1 950 ;  Donctld ;  1 95 2 ;  Hoag et al . , 1 954 ; 

Ingelfi:'.gor, 195 8 ;  i leis:;: et al . ,  1 958 �  Schlegol and Code ,  195 8 ;  

Botha , 195 9 ;  :.:;nis rt c1l . ,  1 960 ; C3.rveth et __ �l· , 1 962 ; Gahag;an , 
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1 962 ; C-roen�roocl_ �al . , 1 902 ; l ia:12ano et  .El· , 1 964 :  ! .ichel3on and 

Siogel , 1 964 ; Iliggs and :Cllis , 1 <:;65 ; Ilig;s et al . ,  "1 965 ; fuuc ,  1 966 ; 

Code and Schloeel , 1 J6fl ) . In adcli tion many s tudi cs on the esophagus 

lw.Y e been undertu.kcn to probe into the pr:�thogcmcsis of achalasia and 

sililil<::.r conditions ( Groudahl .J.nd Ea:th:JJ , 1 �'40 > Dcloyurs ot al . ,  1 957 ; 

Lont:; et �tl . ,  1 95 9 ;  Dlli;:; , 1 :)62 ; Iioi'LUeyr, "1 96G ;  Laus on e.nd 11iric ,  

1 966 ; Clifford c.ncl Gyorl�ey , 1967 � C l if:Zo r'..l et ...:.1 . , 1 CJC'! ; :-icffer et al . ,  

1967 ; Os borne -�t- -:cl_. , 1 ·J67 ;  G m;luJ .:Eld ·: :-endrc��l: , 1 % 9 ;  Iali:J :tncl 

Ols cn , 1 9ti J �  Ju:J ·c-Viera und liaicllt , 1 96 S ;  ,:.iokolmre>�..-:3r , 1 972 ) .  �ven 

though achalasia like syndroL'lOs huv e b e en rcproducc�d in so,�e of the 

experinontnl clogs it is bc,yond the s cope of this pres ent s tudy to 

exaLline in detail the physiology of the gast:roesophngeal junction. 

Nevertheless it can be said i:hat tLe more cranial the thoracic 

vagotomy , the LlOre s evere is the effec t  on the gastroesophageal jnnction . 

Double vagotot \Y r:.. few centi1t1et ers cranial to  the diaphragm produces 

only a very f.llight al t era-�ion L1 the gas t ro es ophageal junc t ion , uhereas 

cranial tl:oracic bilatc::c·nl vag-otoLty results in an almos t t o tal obst ruction 

to food pas saee bet�reen es ophagus and s tomach. C ont rov ers y exists as 

t o  vThether the functiuil8.l zone is relaxed or in spasm follovring 

vagotomy and in achalasia . The obs ervations from the present s tudy 

calLUot clarify this point , but needless t o  say the gastroesophageal 

junction uas all·•ays less effective after any vagotomy. 



Some c omments on no rmal es ophagea l motil ity 

'l'his s tudy was not des igned to inv es tigat e the normal progression 

of mat erial along the esophagu.s , but durinG the �wrk obs ervations vlere 

repeat edly made that put in question the val id.ity of the currently 

held conc epts oi es opha�eal phys iology . 
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T extbo oks on human and v e t erinary phys io lO{:,"Y s to.t e that the 

progress ion of food Iila.t erial along the es ophagus occurs as one 

continuous muscular movement from the phar;,rDx to the stomach ( Starling , 

1 900 ; .Davson and Sggleton , 1 968 ;  Hill , 1 970 ; I1endrix , 1 974- ) .  In 

the pres ent study this tradit i o . �ally acc epted conc ept of es ophageal 

motility w.J.s found to be an unc ommon occurrenc e .  J:'ropuls ive 

esopha��eal c ontraction vmves did not nec e3sarily direct ly follo'v each 

oropharyngeal deglu.ti tion s et�uenc e .  Often d. bolus vwul d  be pro j ected 

fror:1 the pharynx into the cranial cervical e::> ophatrclS HLere it o!Ould. 

reu1ain for  s ome lllO!llents .  S o!lwt :ilues it '.-ould reillu.in until .:1 s acond 

bolus ''las S\vallovTed and becaru e fus ed \·li th it before "Jeing propelled 

along the es opllaf,cl.s . \·.'hereas a.t s ome other tiLws , the s ingl e 

stationary bolus , aft er a short d elay , ''lould then be propelled 

t owards the stomach . 

Dolus es moving in an apparently normal m.::mner along the c ervical 

es ophagus were oft en s topped and delayed in the tho rac i c  li1l et region . 

The s e  bo lus es usual ly continued t o wards che s t omach only aft er b eing 

j o ined by a s econd b o lus . In add i t ion to thes e t wo s i t es uhere 

delays and fusion of bo lus es o ccurred , boluses som etimes decreas ed 

their rat e  of pas sag-e or even s t o pped momentarily in the c ranial 

thoracic region of the es opha��s . 



Thes e delays in eu ophageal mot ility contradict Ingelfinger ' s 

( 1 958 ) opinion n that peristals is s110 eps ov er the normal eso pt:.agus 

ui thout int errupt ion . lw rcov c:::- , ·(;here is both radi o lo gic and 

manom etri c  evidenc e -�hat the peris tal t ic 1mvc s tart ing in t he 

pharynge.:;.l c ons t ri c t o rs passes through the upper es o phag eal sp�linc t or 

z one �nd then the eo o phagus in unl.,roken 3Uc ces ::;i on both in mw1 .and 

the doG , ' �  

Hil l  ( 1 970 ) do eo not m ent ion reflux of gas t ric cont ento into the 

caudal part of tJ1e thoro.c ic e::;opha0"W::: ir� the :1o nnal doe- . In the hunan 

it is ree-arded as abnorDal and a caus e of es o phap;i tis (Al l i s o n ,  1 �;72 ; 

Licht er, 1 974 ) .  Ho\wv or , ii.1 thi.3 s t udy , hrent y hro of t he ·c ..,.rent�r five 

dogs e;�an1 ined radiogr::1phic ally oyJ:ibit ecl 3 it;nif icailt reflux of ;.;u t erial 

from the :.::: ·�O"i.!.J.Ch into t�� e  co.u<lal tho :::·s.c i e  cs o phag·us . Of "V 1eo e , Jchc t en 

experimc�1t al doz...; 11Licll 1-rc rc lat er o:;ca:,lin. od pos t uort eLl s ho vred no :s-ross 

'J:he:.; e obo e :rv.:c t ion.s on c l L�ic a l ly n orr ... K,:!. doc�J cont radi.:: ·t; the 

acc epted conc epts of esofh�0eal ph:';::: iolo:_; ;;r .  L.eLd:c::.. x (1 974 ) n;p o rts 

t�w.t the nature of the f o o d  ca l; en .:;.:!.ll infhceilc e esopllLI.(;eal m o -G i l it�c ,  

and perhapo s or0.e of the differenc es l;etue en earl i er repo rto and the 

pres ent :J tudy c ould be account ed for on ti1i:::: ])as i s . However, a more 

l i�<:e ly expL.-.;w. t i on is that the s tudies from uhich the current c onc er; ts 

were deriv ed , ucre in fact car1·i ed out under c onditions that v1ere not 

t ruly physiological . This explanati on is c ons id ered t o  be the r.1ore 

acc eptabl e s i nc e  the es ophageal s tudy recorded in this thes is l'l'as :aade 

on consc ious dogs examined racl iographically as tllGy s tood in a normal 

posture and fre ely ate barium impre311at ed meal . 

It is clear from th e foregoing tha t more det ail ed radiographic 

s tudi es of the norwal c anine es opha�ts under trLliy phys i o l ogical 

conditions are required . 

71 . 



Sill�HARY 



The vagal n erve branches supplying the esophagus were careful ly 

dis sec ted in t wenty one adult dogs , t en of vThich had previous ly 

undergone various surgical nerve t rans ec tions . Esophageal func t ion 

b efor e and. aft er n erve trans ec ti on was s tudi ed radi ographical ly ;  

al l radiograph s were made on cons ci ous dogs . trained to stand i n  a 

normal pos i ti o n freely eating barium impregnat ed meal . 

Contrary to s tandard texts , i t  was found in the pr esent study 

that each par ent r ecurrent laryngeal n erve i·ras ahmys divi ded int o  

two t runks : the recurrent laryngeal nerve proper uhich c ours ed 

direc t ly t o  and t erminat ed in the ips ilateral intrins ic laryngeal 

mus cles ( excluding c r i c o thyro ideus ) , and a more dors nl ly lying 

pararecurrent laryngeal nerve whi ch c ours ed pu.rall el to the 

recurrent proper but fre ely suppl i ed many branches to the esophagus 

and trach ea , These e s o phngeal branches wer e espec ial ly nUIDerous on 

the left s id e , ns th e l eft pararecurr ent ncrvu richly suppl ied the 

craninl thorac ic esophagus as vrel l  as the cervical porti on . 

Houever , +,he right pararecurrent nerve suppl i ed the c er.rical 

es ophag1J.S only Each pararecurrent nel've then terminat ed. in the 

anastomotic ramus from the i:nt ernE'.l branch of the ips ilat eral 

cranial laryngeal nerve . 

From the experimental 2 tudi cs i t  ,,ras concl.uded tha t the 

recurrent laryngeal nerves vrero func tional ly involved 1-1i th the 

cranial thoracic esophagus , s inc e this r egion wc.s compl e t ely 

paralys ed following bilat eral recurrent laryngeal neurec tomy .  

Some dysfunction was also s een i n  t h e  c ervical esophagus aft er 

this operat ion.  
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The c ervical esophagus vms primarily innervat ed and functionally 

cont rol l ed by the pair of pharyngoeso phag eal nerves vlhich aro s e  

so l ely from the pharyngeal branch o f  each vagus nerv e .  

Caudal t o  th e origins o f  the recurren t  nerves , the thoracic 

and abdominal vagi suppli ed an d contro l l_ ,?d the caudal thorac i c and 

abdominal porti ons of the es ophagus . 

The vagus n erves innerva t e and ar e i nvo lved in the normal 

func t ion of the gas tro esophngeal j unc t i on , s i nc e bi lat eral cran i a l  

tho racic vago t o ny c onsidcr<.lbly a l  t e r c d  t h e  D.c t i  vi t y  of this regi o n .  

Howev er ,  d oub l e  c audal thorac i c  vagotony app eared only s light l y  t o  

aff e c t  the func t i on of the gil s t r o e s o phq;eal j unc t i o n .  

Surgi cal approaches f o r  tr :ms e c t i on of thes e esophageo.l nerves 

hav e  b e en inves tign t ed .J.nd the various t e chniques are d e s crib e d .  
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COURSE OF 'l'HE C ANINE ESOPHAGUS 

H;tr;'TIODUCrniON 

This d escripti on is bas ed on obs erva t i ons of hrenty one 

dis s ec t i o ns for this thesis and elabo rat es the earl ier account by 

Miller et al . ( 1 964) . 

ESOPHAGEAL REGIONS 

The canine eso phngus i s  a tubular ouscul o membranous organ 

which connec t 3  the pharynx wit h  the s t omach and conveys food frou 

one organ t o  the ot her . In thi s  thesis it i s  divided int o 

c ervical , thoracic , and abdominal portions . 

C ervical EsoEhngus : 

The c ervical p o r t i on begins at the pharyngo esophagenl jm1c t i o n  

oppos i t e  t h e  middl e o f  the axis dorsal l y ,  and th e caudal bord er o f  

t h e  cric o id cartilage v entral ly. Ex t ernal l y ,  the pharyngo eso phageal 

j unc tion l i es at th e caudal border of the cri copharyngeus mus c l e  

wh ere this lat ter s truc ture bl ends into eso phageal mus c l e .  

Although the eso phagus co'll!11enc es i n  t h e  midline . i t  illl!llediat ely 

inclines to the l ef t  so t ha t  a t  the thoracic inl et it usual ly l i es on 

the l eft s ide of the t rachea , varying in po s i t i on from l ef t  dors al to 

l eft v en t ral . The c ervical esophagus i s  mainly r elat ed t o  the l ef t  

l ongus c a l li et capi t i s  muscles dorsa l l y ,  and the trach ea v entral ly 

and t o  the right.  
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On the l eft s id e , in the groove b e twe en the eso phagus and 

longus capitus , l i e  the l eft common car o t i d  art ery , vago sympathetic 

trunk , int ernal jugular vein , and the tracheal lymphat i c  t runk . 

On th e same s ide in t h e  t rach eoesophag eal gro ov e  l i e  th e l eft 

r ecurrent laryngeal nerves and sma l l  ves:; els . Convers ely on the 

right s i d e ,  al l the c o r responding s truc bu·es are lat e ral or 

dorsolat eral to the trachea . r:;he c ervi c a l  osonhagus b e c omes 

c ont inuous 1rli th the thorac i c  eso Dhngus at the thorac i c  inl e t .  

·rhe thoracic p o r t i o n  o f  the eso phagus can b e  subdivi d ed into 

cranial and caudal part s ,  �ori th the j unction b etween the hro at the 

l evel o f  the tracheal b ifurca tion. Some authors , however , pr efer 

t o  d e s c ribe this po r t i o n  in relation to the heart , and c onsequent l y  

d ivide i t  into the pr ecardiac , c ardiac o.nd po s t c o.rdiac parts . 

The esophagus pas s es through the thorac i c  inl e t  ventral to the 

subver t ebral mus c l as and o n  th8 l eft side of t h e  trach ea , and then 

pas s es through the med iast inun to th e di aphragm . In this ar ea th e 

thorac i c  esophagus is s i tuat ed in tho mo s t  dors:1l part of the 

medias t i n1rm ventral t o  the thorac i c  vert ebrae and to the l ongus 

c o l l i  and , mo�e caudal l y ,  quadratus lumborum mus c l es .  Here the 

esophagus is s eparat ed from these mus c l es ,  as in the neck r egion , 

by the prevertebral fas c ia . 

In the vri de dorsal part o f  the precardiac medias t inum , where 

the esophagus l i es to the l eft o f  the trachea , the l eft c ommon 

caro t i d  ar t ery cro s s es and makes a de ep indenta tion on i t s  ventral 

and l ef t  surfaces immediat ely caudal to the thoracic inl e t .  
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Continuing cauda1.ly , the esophagus obliquely cro s s es the l eft 

surface of the trachea and comes to l i e  on its dorsal surfac e at the 

tra cheal bifurcation . 'J'o r each this median po s i ti on ,  the eso phagus 

c r o s s es the right aspec t  of the aortic arch , and in s o  doing i s  

usual ly defl e c t e d  to the right o f  t h e  midline b y  t he aortic arch 

and proximal d es c ending aorta . Al s o  dorsal to t h e  heart and 

cranial t o  th e trach eal bifurca tion,  the eso phagus pas s es b etwe en 

t wo large blood ves s el s : on the right , the arch of the a�gos 

v e i n ,  and on t h e  l ef t ,  the arch of th e aorta. 

As i t  pas s es b e twe en the pl eural s acs the postcardiac 

esophagus l i es clo s e  to or in the mi dl ine . The d esc endi ng aorta 

obl iquely cro ss es the left side of th e esophagus b etween the fifth 

and ninth thoracic vert ebrae and , from the sixth v ert ebra caudal ly , 

the thoracic duc t and azygos vein l i e  on its right dors olat eral 

asp ec t .  

More caudal l�r . the esophagus tak es a sl ight vent ral dip t o  

ent er the esophageal hia tu s  of the dianhragm . This hiatus usually 

l i es just to the l eft of the midl ine , and through it al so pass the 

dorsal and vent ral vagal.  n e rve t runks and s ome small ves s e l s . 

In contra s t  to the esophagus in the cranial thorax , wh ere it 

appears somewhat res tri c t ed and c ompress ed by t h e  trachea and 

adjacent struc tures , the thora c i c  esophagus di s t a l  t o  the tracheal 

b ifurcation is r el eased from thes e constraints and is freely 

sus pended from the dorsal body wal l  by the m ediastinal pl eura e .  
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Abdominal Esopha��: 

T he abdominal or terminal porti on of the esophagus i s  very 

short and wedge shap ed. Th e  lumen of the esophagus ends at the 

cardiac opening of the stomach and th e wall merges vri th simi lar 

gastric l aye:::-s <� short di stance dist al to the esophag eal attachment 

of the phrenicoesophageal ligament . Sinc e  the termination of the 

esophagus on th e st�mach is in an o bl ique dorsov ent r al pl an e ,  th e 

v entral part of the gastroesophagea1 junction l ie s  at a l evel 

sl ightly cranial to th e dorsal part . Consequentl y th e esophagu::.:: 

di stal t o  its diaphragma t ic hiatus immediately joins the stomach 

<iorsally, but vent rally makes an impr essi on on the caudate l obe 

of ·c h e  l ive.:.· befor e j oini ng the stomach . 

The gastro e'C:o·9l1.t.:.gea.l jtmction u sual ly l i es ventral to the 

last tho::>:>ac:i.c \.-e:.:-tebra ':Jut nay vary a vertebral segment cranj_all:y· 

o:;.� caudall y .  

Throughout the cours e o f  the esophagus the lumen diameter 

v-ar ie s .  Accordj_ng to Mil l er �i__al . ( 1 964 ) the l east distendabl e  

parts of the esophagus ar e at the p haryngoesophageal junction , at 

t h e  g astroesophageal juncti rm, and v1h ere it passes throug:1 the 

tho r acic inl et . 
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STRUCTURE OF 'PHE C.t\NINE ESOPHAGUS 

INTRODUCT IOF 

A numb e r  o f  accounts of the s tructure o f  the canine e s ophagus 

are availab l e  ( Chauveau , 1 891 ;  Goetsch ,  1 91 0 ; Sisson, 1 953 : 

T rautmann and Fiebiger , 1 957 ;  Botha , 1 958;  Meiss et al . ,  1 958 · 

Bradley , 1 95 9 ;  Nickel et al . ,  1 973 ; Mann and Shorter , 1 964 ; 

r·1iller et al . ,  1 964 ) ,  but only in the latt er t vw h:1s the ent ir e 

78. 

orgm1 and i t s  tunic s  b e en descri b ed in detai l . The only his t ological 

s tudy of each of th e s tructural t issue layers throughout the l ength 

of the canine es ophagus was tha t made by Nann and Shorter ( 1 964 ) . 

It is no t surprising , t;1erefore , that di s<"!repnncies exi s t ,  

particularly in des cripti ons o f  the fibre arrangement in the 

mus cular c oa t .  in the pres ence or abs enc e o f  an anatomical 

gastro eso phageal sphinct er ,  and in the l evel of the squamoc olumnar 

epi thelial c hange . 

In this pres ent s tudy the hi s t o l ogical features o f  the 

esophagus Here examin ed in hro dogs . Sections 1•rere tak en from the 

pharyngo esophageal j unc tion , the c ervical and the thoracic portions 

of the esophagus , and the gastro e.s o phageal junc tion . They were cut 

in longitudinal and t ransvers e planes and then s tained 1·Ti th either 

haematoxylin, eosin and alcian blue , or haematoxylin and van Gies on ' s  

s tain . 



T ISSUE LAYERS 

The canin e esophagus i s  a musculomembranous tubular o rgan , and 

the tissue layers in its wal l  hav e b e en d es c rib e l  by �� l l er e t  al . 

(1964 )  as c ompris ing four d i s � inc t coats or tuni c s : an inn ermo s t  

muc osal tuni c , a flexib l e  sut muc o sal tuni c , a thick muscular tuni c ,  

and an out ermos t  fib:-ous tur.i c . In addit i on ,  naru1 and Shor t er 

(1 964 )  des c ri b ed a gastro 0s o phageal sphinc ter and a myent er i c  

nerve pl exus i n  the thick mus cular t-..mic .  

I'IJ:ucosal 'runi c :  
-· · ---- --- -

Standard t exts o f  human hist o l ogy ( Bloom and Fawc ett , 1 962 ; 

Ham , 1 969 ) rec ogn i z e thr e e  s eparat e lo.yers Ni th in the muc osal 

tunic : an inn erm o s t  epi thel ial l in ing ; a supporting lamina 

pro pria : ar.d a thin Jayer o f  smo o th mus c l e .  th e mus cul aris muc o sa e .  

Despi t e  this , some ..,-e t eri. nary au tho��s diverge from thi s d efini t i on 

�vhen describi ng t h e  mu c o sal tuni c ,  oi t her to inc lude the submu c o s al 

l ayer ( Trautmann and " i ebiger 1 957 ) o r to exc lude the mus culari s 

muc o sa e  (r:rann and Sh or t er , 1 964 ) .  

The canine es ophagus is l:i.ned by a s t ratified squamous 

epi th elium (Nann and Sl:o r t er ,  1964 ) .  Pr evious worker::; (T rautma!1.n 

and Fi eb iger , 1 957 ; ru l l er e t �:);_. ,  1 S 64 )  have maintained that tl-}e 

epi thel ium is superfi c ia l l y  cornified but no evid enc e was found to 

m.1bstant i a  t e  this c laim i.n the study by Mann and Short er ( 1964 ) no:;: 

in this pres ent s tudy aft er o bs erva ti o ns on hm dogs ( Figs . 46 ,  

47 , and 48 ) .  
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It is generally agreed that the epithelium is a uniform layer 

throughout most of the esophagus , but changes have been repor t ed in 

the vi cinity of the pharjllgeal and gas tric j unctions . 

At the pharyngo esophageal junction , s everal authors ( Goets ch , 

1 91 0 ; Mann and Sho r t er ,  1 964 � �lil l er e t  al . ,  1 964 ; Evans and 

DeLahunta , 1 971 ; Nickel et al . ;  1 973 ) no t ed that th e esophageal 

muc o s a  was d emarca :- ed from that of the pharynx by a pl icated ridge 

of muc o s a ,  the annular fold . This fold was mo s t  promi nent ventral ly 

and caus ed a local narro <,ri 'lg Hhere the pharyngeal lumen meets the 

esophageal lumen . Mann and Short er ( 1 964 ) termed thi s  cons triction 

the i s thmus esophagi , however Evans and DeLahunt a ( 1 971 ) and 

Nickel et al . ( 1 97� ) call it the pharyngoesophageal l imen . 

Near the gas troes o phageal j unc tion , the typical es ophageal 

epi th el ium changed abrupt ly to the columnar gas t ric type epi th e l ium 

(Bo tha , 1 958 ; Mann and Shor t er ,  1 964 ) .  This epithelial change 

always occurred within the t erminal 1 to 2 cm of the eso phagus 

oppos i t e  the dorsal esophageal at tachment o f  the phrenico esophageal 

ligament , and ,  furthermore , was always proximal to the gas tro es opha­

geal junction . Ac cording to thes e workers the junction b etwe en the 

esophagus and s tomach thus did not corres pond to the l evel of the 

epithel ial change ,  nor to the at tachment of the phrenicoeso phageal 

l igament , nor to the l evel of musc l e  fibre changes : findings which 

were ful ly substantiated in this pres ent s tudy (Fig . 48 ) .  In 

cont ras t ,  Gahagan ( 1 962 ) d efined the junc t i on as the point o f  

epithelial change, whi ch , i n  hi s opinion , corresponded to the 

junction of the esophagus wi th the stomach and was marked ext ernall y  

by the point o f  a ttachment o f  the phreni c o e s o phageal ligament . 
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Gahagan thus conc luded that there was no such structure as an 

abdominal esophagus - a vi e1'1 held only by hims elf and Allison ( 1 948 ) .  

According t o  Mann and Shorter ( 1 964 ) th e  c o lumnar epithel ium 

at the gastr o esophageal junc tion was thrown int o prominent folds 

with c ores of smo o th mus c l e  of the muscularis mucosae.  r1eiss e t  al . 

( 1 958) des cribed this s tructure as a mucosal valve or ros e t t e . 

Ho>·rever ,  Bo tha ( 1 958 ) s tat ed that no special muc osal folds were 

pres ent in the region o f  the cardiac opening o f  the s tomach i n  the 

d og ,  but tha t a sharp c res cen t ic fo l d  arched over the l eft o f  the 

cardiac o pening . 

The lamina pr0pria co •n'lri s es l o o s e  connective tissue of 

c o l l agenous , elastic and reticular fibres , sma l l  "b l o od vas cnl ar and 

l ympha tic ve:s sels , lymphatic c eU s , fine nerves , and the duc t s  o f  

e s ophageal glands ( Fig . 47) . 

The smo o th mus c l e  o f  the muscularis mucosae Nas d es c rib ed by 

l1ann and Sho rter ( 1 964 ) as being sparsely dis tribut eP. in t h e  upper 

esophagus , but increas ed in quanti ty caudo. l ly until , in t h e  caudal 

third , a d efinite layer 1-ms formed . This layer -vms said t o  b e  

basal to t h e  glandular el ements . T rautmann and Fiebiger ( 1 957 ) 

d escrib ed the muscularis muco sae as ent irely l acking in the cranial 

half of the canine esophagus and only forming a continuous l ayer in 

the vi c inity of the s t omach . Ho>-rever , in t wo dogs examined for this 

present s tudy a well d efined muscularis muc osae layer was pres ent 

thr011ghout the thoracic and abdominal esophagus ( Figs . 4 7 and 48 ) 

but was pres ent in the cranial region as s eparat ed groups of smooth 

muscl e c el l s .  Moreover , the esophageal gJands were al ways s i tuated 
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outs ide the smooth muscl e layer al though in the terminal s egment the 

glands int errupted the muscula:'is muco s a e (Fig . 48) . 

Submuc osal 'funi c : 

A broad s ubmucosal tunic as described by nann and Short er ( 1 CJ64 ) 

and Hil l  er e t  a l . ( 1 964 ) compri s ed glands ,  b l o o d  ves s els , nerves and 

c o l lagenous c orme c tivG t i s sue , which l o o s ely c onnect ed the muc o s a  t o  

the muscular tunic . Thi s a l l ows t he muc o s a l  layer to be thrown int o 

large and numerous longi tudina l  fo lds ·when t h G  eso phagus i s  emp ty 

and col l aps ed . 

r1ann and Shorter ( 1 964 ) inc lud e t h e  musculari s  mucosae wi thin 

the submuc osal tuni c , but it s e eTis pr eferable t o  regard the 

mus c1.1l aris muc o s a e  as the d efining boundary of the muc o s a .  

Throughout t h e  canine esophagus , glands of a compound tubulo-

alv eo lar type ( G o et s ch . 1 970 · Siss on , 1 953 ) are a prominent fea ture 

of the subrrJuc osal layer . rr:�, ey are grea. t e s t  in numb er and s i z e  in the 

lo�·rer third of th e e.so phagus . and c.i s appear from the submuc osa 

oplJos i t e  the s i t e  o f  sa_,_,_amo co, u;-.mar epi thel ial change ( ?ig . 48 ) .  

Ho s t  au thors r ef er to thes e esophagea.l gl ands as mu cous gl ands 

('rraut mann and li'i ebiger . 1 957 : JVIann and Short er , 1 964 ; �h l l er et al . ---

1 964 ; Hickel et al . ,  1 973 ) .  However ,  in a careful s tudy , Goetsch 

( 1 9 1 0 ) was abl e  t o  demons trat e that " th e  o esopk.goc:.l gb.ndo of t he 

dog are c ompos ed of two kinds of c el l s , mucous c el ls and s erous 

d emi lunes , " c onfirming the statem ents of earli er workers ( Kl ein, 

1 879 ;  Renaut , 1 897 ; Helm, 1 907 ) .  In this pres ent study , numerous 

s erous d emilunes were always present wi th the mucous glands , and 

this asso ciat i on with a c ons tant finding in all fi elds examined 

at each l evel of the eso phagus . 
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I"lus cu lar Tunic : 

r-fann and Shorter ( 1 964 ) repcrted t ha t  the muscular tunic o r  

mus cularis ext erna o f  th e canine eso phagLJ.S was entirely s t ri a t ed 

mus cl e ,  exc ept for a short po rt io n of the inner l ayer a t  the 

gas troesophageal junc t ion . 

Bradley ( 1 959)  vras of the opini on that the muscular tunic 

c on s i s ted o f  o n<:: unbroken l ayer . However , Mi l l er et al . ( 1 964 ) 

d e s cribed the a c tual f ibre arrang em ent wi thin thi s mus c l e  tuni c as 

c omprising hro obl ique layers of s t ri a t ed mus c l e f ibres arrang ed in 

a d e c ussat ing spiral fashion , ( each layer c ros sing the o ther n early 

at right angl es ) , so that th e superficial fibres of one s ide b Gcame 

the deep fibres on the o th er s i d e . The l ongitudinal l in es o f  

decus sation b eing dorsal and ven t ral i n  posi t i on . This arre.ng eBent 

is c o nsis t en t  T.<i th the fi ndings of fllann and Shor t er ( 1 964 ) 1-1ho also 

found a cl ear d i fferent iation into two layers ui t h  much int ermingl ing 

o f  f ibres acr o s s  the thin dividin� l ayer of c onne c t ive tissue 

( Figs . 47 and 48 ) .  

Charac t eri stic changes occur in the mus cc.�l.ar tunic a t  each end 

o f  th e esophagus where i t  j o ins wi th the pharynx and th e stomach . 

At the pharyngeal end J'l1i l l er et al . ( 1 964 ) s tat ed that those mus cl e 

fibres whi ch origina t ed from the cri c o es o phageal t endo n  blended 

vlith the most c audal f ibres of the cri c opharyngeus mus c l es but vrere 

arranged in a more t ransvers e fashi on . Thes e fibres j o in ed similar 

mus c l e  fibres from the oppo si t e  s i de mid-dorsally. Subs equent 

fibre s  were dispo s ed incr easingly mor e  obliquely so that the 

decu s sat ing spiral arrangement became establi shed . 



The changes at the d i s ta l  or gas tri c  end have b e en described by 

S i s s o n  ( 1 953) , Mann and Sho rter ( 1 964 ) and IvJiller et a l . ( 1 964 ) .  

Thes e authors found that in t h e  distal third of the e s ophagus the 

mus c l e  f ibres gradually changed direc t i on and the d ecus sati ons faded 

out s o  t hat 9 over the t erminal s eg� ent , the spiral arrangement was 

replaced by an outer l ongi tudinal and an inn er ci rcular mus cl e layer . 

Gas tro esoEhageal Sphinc ter : 

In contras t to the general agre ement that there is no s p ecial 

pharyngo esophageal t hickening s erving as an ana t omical sph i_nc t er in 

th e pro ximal ext r emity of the c anine eso phagus ( nann and Short e r ,  

1 964 ; Niller et al . ,  1 964) , th er e  he1s been some c on troversy over 

the exi s t ence o f  a di stinc t ana tomicGl sphinc t er at the 

gas tro esophageal junc tion in t h e  d o g . Experimental evi denc e for a 

mechanism s erving a s  a phys i o l o gi cal sphinc t er a t  bo th t he�J e s i t es 

has b e en vrel l  est abl ished ( Schl egel and Code , 1 958 ; Bo th::> , 1 959 ) . 

In a his t ol o gi cal s tudy , Mann and Sho r t er ( 1 964 ) d e s c ribed an 

ana t omic al ly dis t inc t gas t roes o phageal sphinc ter .  I n  the t erminal 

1 to 2 cm of the esophagus they found tha t the inner c i rcular 

s tria t e d  mus c l e  layer was abrupt l y  replac ed by a thi ckened layer of 

circularly di spos ed smo o th mus c l. e , and s t at ed that this " fo rms a 

dis tinct anatomic bas i s fo r a gas t ro e s o phageal sphinc t er i c  mechanism" . 

The change in type o f  the int ernal. mus e !  e o ccurred opno s i t e  the 

att achment of the phreni c o e so phageal l i gament 1..rhereas the out er 

longi tudinal mus cl e f ibres c ontinued for a short dis tanc e b eyond 

this l igamentous attachment before gradual ly bl ending wit h  the 

smo oth mus c l e  of the s tomach (Fig . 48 ) .  
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Nerve Pl exus : 

Mann and Shorter ( 1 964 ) f o und no evidenc e for a submuco s al 

pl exus , but a myent eric pl exus , c ontaining gangl ion c el l s , vras 

pres ent between the two layers o f  mus c l e  throughout th e l ength o f  

t h e  esophagus . Ganglion c el l s  uere very scant y in th e upper third , 

inc 1·eas ed toNard the middl e third , but \·Ter e appa r entJ y abs ent in the 

region o f  th e gas t ro esoph� geal sphinc t er .  In contras t ,  C l ifford and 

Gyorkey ( 1 967 ) found that gangl i o n  c e' ls vTere mo st numerous in the 

region o f  the cardiac opening of the s tomach . 

Ii'i brous Tunic : 
-----· --

Ac c ording t o  Ni l l er .£1. al . ( 1 964 ) the loose fibrous tunic or 

adven t i t ia ( Figs . 47 and 48 ) of th e esophagus bl end ed with components 

of t h e  d e ep cervical fas cia in the n e ck ,  endo t:horac i c  fas cia in the 

thorax and with the transversalis fascia in the tl.bdo;:r:inc..l cavity .  

In addit ion , the es o phagus vras nlso l argely covered by pl eura in the 

thorax and by peri t oneum in the abdomen . 

CONCLUSIONS 

The main s t ruc tural features of th e canine esophagus as 

det ermined in a lit erature r evi m·r and the mat erial examined in this 

present s tudy are : 

( i ) the e�hag�al muscul a tu� i s  compo s ed of hm layers of 

s tria t ed mus c l e  fibres . They are arranged in a decus s a t i ng spiral 

fashion , exc ept at the dis tal end 1-1here their directions t end to 

become mor e  circular (inner layer ) and l ongi tudinal ( out er layer ) . 
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(ii )  an ana tomi cal gastro esophag�al sphinc t er , is pres ent in the 

t erminal 1 to 2 cm o f  the inn er mus c l e  layer , and comprises a 

thickened l ayer of circul arl '' dispos ed smo o t h  muscl e .  

( iii ) th e abrupt change_Lrom s tr�tifi ed_�o uamous . es_?_Eh_�eal 

epi thel ium . t o  co lumnar gas tric er�j. thelJ�, o c curs \.ri thin t h e  

esophageal tu: , e ,  1 to 2 cm proximal t o  t h e  gas tro es opho.geal 

junc t ion . 

( iv )  the phr enicoesophagea l  l igament attaches at th e l evel of the 

mucosal change , and thus a short abdominal e s o phague d.o es exis t . 

( v ) a myent eric pl exus vri th gangl i on c el l s , i s  pres ent b e tw e en 

the mus c l e  layers . 

( iv ) the esophageal�nds_ contain muc ous c ells a.nd s erous 

demilunes . 
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0"' 'fllB VN'- A  S NP.FVBS ./1 'TD r·FTC IR P,RAnCHES 
--- _...,. -·----- - - - · -....-.·-�· _ ...___ . _,. ___ _ 

Bi l a t eral pharyngo es ophageal neur�c tomy (Group I). 

Each dog 1ms plac ed in dorsal r ecumbe ncy , and the skin over the 

cranial hal f  of the ventral neck r egion was cl ipped and pr epar ed for 

surge:rJ .  One midventra.l skin incis ion 1ms made , ext ending c 2udally 

from the l evel of the bns ihyo id bone to about the middl e  of the neck . 

The basihyo id vras r eadily i d ent ified as the transverse bony ridge 

innediat ely cranial to the thyroid cart i l ag e . The inc i s i o n  vms 

extended by blunt d is s ec t ion through the subcutaneous mus c l e  and 

und erlying c onnec tive t i s sue ( part of t h e  sup erficial c ervi cal 

fascia ) unt i l  the s t ernohyo ideus musc l e s  were exposed . Th e large 

transvers ely lying hyoid venous arch,  vent ral to the bas ihyoid bone 

\·ms car efnlly avo ided . 

The st ern o c epha lie muscl e vras reP ect ed l at er al ly and the blunt 

di s s ection cont inue d  do rsal J. y at the l evel of the cricoid c ar t i l a,c:;e , 

remaining c l o s e  t o  the lat eral b o rders of the ipsilateral mus c l es 

( s t ernohyoideus and s t ernothyro i deus ) lying on the ventral and 

ventrolateral asp e c t s  of the trachea . Care was taken to i s o l a t e  

and l eave intac t  s ev eral large n erves whi ch , running i n  a 

ventromedial direction ,  supplied thes e mus c l es at about this l evel . 

Immediat ely dorsal and cranial to the ins ertion of s terno thy-

roideus , the external branch of the cranial laryngeal ne1�e was 

observed as it pass ed along the pharyngolaryngeal bord er to 

innervat e cricothyroideus deep to the proximal end of 

s terno thyroideus . 
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On r efl ect ing the caro tid sheath and c ontents lat erally , the 

caudal pharynx and the pro ximal c ervi cal es o -phagus t·rere visible 

and the pharyngo eso phageal j unc t i  'Jn vms id enti fi ed dorsal t o  t �1e 

cric o i d  cart ilage . The s mal l p:·1aryngo eso phageal nerve uas found 

running c audoventra: l y  over the dors o l a t eral e.spec t of the pharynx 

and pas s i ng on to th e vent rolat ere.1. '•'al l  o f  the c erv:i. cal eso phagus . 

In fiv e  of the hnmt y one dogs di s s ec t ed hm trunks wer e pr es ent . 

In one o t her case no mai n  t runk was pres ent but a mas s  o f  fine 

nerves in a broad band s pr ead over the :.Jo s t  c audal part o f  the 

pharyng enl mus culnture and on t o  the es ophagus . The s e  nerv es lay 

in part i cula rly intimat e c ontact vdth th e mus c l e  fibres o f  

cricophar-yngeus and th e esophagus s o  that s om e  mus c l G  t i s sue vi'O.S 

exc is ed 1-rh en the nerv es ·t-.:8re t rnns ec t ed . 

The phnryngo o s o phagcal n erv e t·ras i s o l a t e d  nnd t rnns ec t ed at t he 

pharyngo esoph o.goal junc tion c l o s o  to th e trach eo esophngenl gro ove . 

This ensured t h n t  any innerva t i on froo th i s  n erve to crico pharyngeus 

r emained intac t . The s ame proc edure uo.s us ed for th e o ppo s i t e  s id e  

from the s ame midventral skin i!lcision . A square wave e l e c tri c a l  

s t imul a t o r  as s i s t ed i !l  iden t i fving the s e  nerv e s . 

Eac:h dog 1-ras p l a c ed in a l ef t  lat eral recumb ent po s i t ion 1ri th 

i ts right forel imb drawn forvrards . A skin inc i sion paral l el to and 

equidistant from the ribs was mad e  over the s ec ond int erco s tal s pa c e  

for mos t  o f  i t s  l engt h .  
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The muscles overlying the intercos tal s pace v1ere transected in 

the orde r ,  cutaneus trunci , latissimus dors i ,  scalenus , s er ratus 

ventral i s , f o l l owed by the interco s tals . La t i s simus dors i >ms 

split paral l el to i t s  mus c l e  fibres ( obliq u e  t o  the skin inc i s ion ) , 

>·rhi l e  a l l  the other mus c l e s  were t rans ec t ed paral l el t o  the skin 

incis i o n . The pectoral mus c l_ e  group \>Tas refl e c t ed ven t ra l l y ,  and 

tho s e  mus c l es lying al_ o ng the caudal bo rder o f  the s capu l a  H ere 

refl ec t ed cranial l y . 

A pair of hand held band r e t ra c t o rs pro v i d ed a more sat i s fa c t o ry 

op erat ing f i e l d  than a pair of s el f  retaining Gos s e t ' s  retrac t o rs . 

The lung �vas pack ed o f f  wi th warm s a l ine mo i s t ened towels . 

The ansa subclavia \vas ident i f i ed lying over the caudoventral 

surfac e of the t erminal part of the right sub c l uvian art ery .  The 

l a rg e  c o s  t oc ervi c al-ve r t ebral v enous trunk 1;::1n rela ted 

c audovent ral ly t o  t h e  subclavian ar t ery . 

The vagus nerve v1as i s o lat ed and t rans ec t cd imm ediat ely caudal 

t o  the middl e cervi c a l  gangli o n ,  th is po int b eing medial t o  the 

right sub c l avian art ery . The neurec tomy s i t e v1as chos en s o  that , 

dis tal ly , t h e  ansa subclavia remained attached io the vagus and , 

proxima l ly , the sympa t h e t i c  trunk remained in connec t i o n  >vith the 

vagosympathetic trunk . According to Mi zeres ( 1 955 , 1 957 , 1 958)  

this \>lOuld l eave intac t the great maj ority of sympathe tic fibres 

on the right side . 

As soon as the right thoracotomy vound was c losed, the anim-".l_ 

was rolled over and placed in a right lateral r ecumbent posi tion 

with its l eft forelimb drawn forwards , so that the left vagus ner:� 

89. 



c ould b e  approached through the sec ond int ercos tal s pa c e  on the 

l eft s id e .  

On t h e  l eft side the rel ationships are sl ightly differen t with 

bo th the ansa sub c l avia and the sympa tf' e ti c t runk termina ting as 

one ,  or c l o s e  together , o n  the mi ddl e c ervi cal gangl ion . The main 

part of t h e  l eft thora c i c  vagus nerve and al l t!1 e small nerves 

passing c audally from the middl e c ervical gang l i on vrere tran s e c t ed 

immediat e l y  caudal t o  t h i s  gangl i o n ,  but th e 8.nsa subc l avia and 

t h e  sympath e t i c  t1� remained intac t .  

On clos ing t he thoraco tomy vround on each side us ing Leonard 1 s 

( 1 968 ) nethod , monofilal!lent nyl on Has used to bind the ribs 

t og ether . However , it vfas found that the s e c ond and t hird ribs 

Here too rigid and too far apart to enabl e t h em to be dr.:nm 

t ogDthcr for go od surgical clo sure of the int er c o s tal spac e . 

Subs equent probl ems 1-rith pneumo tho rax result 0d and the firs t dog 

( 06 ) died s ev enty hw hours af t er the operation . 'l'he problem was 

s o l ved with th e r emaining dog in th i s  group by o p erat ing through 

t h e  third int e rc o s t al spa c e and a s a t i s fac torv c l osur e of the 

t ho racic cavi ty vras achi eved. 

R ecurrent lB:.!:Y"Pgeal neur ec tomi es (Group I II )_. 

The ac tual thora c o t omy operations vrere similar to thos e  for 

Group I I .  The right recurrent laryngeal nerve Has approached 

through the third intercostal space on the right side . It was 

i s o lat ed at its origin from the right vagus nerve immediat ely 

caudal to the right subclavian art ery and was then trans ected 

as clos e as possible t o  i t s  origin. 
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The l ef t  recurrent laryngeal nerve was approached through the 

fourth int erc os tal space on the l e f t  side . I t  1vas isolated and 

transected at its origi n  from the left vagus nerve as the lat t er 

pass ed over the left lat eral aspect of the aorta near the 

ligamentum art eriosum. 

Before t rans ection, elec trical stimulation and external 

palpation of the larynx confirmed identificat ion of each recurrent 

l aryngeal nerve . 

Doubl e bilateral thoracic vagot omy (Group IV) . 

The sur�ical approaches "\'rere identical to those for Group III .  

On each side the origin of the recurrent lnryngeal nerve \ms 

carefully isolat ed and the left and right v�gus nerves ;,-e1·e each 

transected immediat ely caudal to thes e identified levels . Seven 

days later ,  the thoraco tomy wounds were reopened and each vagus 

nerve  vms transected im"!lediat ely cranial  to the origin of i t s  

respective recurrent l r>.ryng eal nerve . 

Caudal thoracic vago tomies (Grou2 V) . 

In one dog a dorsal t runk caudal t�oraci c vago tomy was 

performed . Th e approach 1-ms through the nint h  intercostal space on 

the l eft sid e  and the l evel of vagot omy was just caudal t o  the point 

of confluenc e where the l ef t  and right vagal branches formed the 

dorsal vagal trunk. This point was es t imated to b e  about 6 t o  7 cm 

cranial t o th e  diaphragm in this 1 8  kg adul t dog . Seven days lat er 

the ventral trunk was tran s e c t ed opposite the s i t e  of th e dorsal 

vagal trunk trans ection . This was achi eved through a thoracotomy 
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in the s ixth int ercos tal space on the right side . 

In the s econd dog a doubl e  trurg vago tomy was p erformed 

through the s ev enth i·-:t erc o s tal s r>ace on the l eft sid e .  Each vagal 

trunk was trans ec t ed at a s i ni1 ar l evel t o  that in the firs t dog . 
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APPE�·rDIX IV 



Group 

I 

I I  

I I I  

IV 

V 

SC!-IEDTJT,E Ql? POS"'OPERJI ""'IVE DA.YS 011r T!P ICH EACH DOG 

\!A8 RADIOGRA P'ri CA:SLY EJjJ1 I'TED -- ---·· 

Dog Refer enc e IJuob er _pos toper<:>.ti ve Days 

Aft er Fir s t  Aft er Sec ond 
Neurec t omy neur e c tomy 

03 2 ,  6 ,  1 5 .  
05 2 ,  9 ,  1 6 '  45 . 

06 1 • 

1 0  1 ' 6 ,  9 , 24 . 

1 4  1 , 3 , 6 . 1 ' 3 ,  8 . 

1 5 1 ' 3 , 6 ,  1 ' 3 , 8 .  

1 ?. 1 , 2 ,  6 .  1 • 2 ,  9 .  

1 3 1 • 5 . 1 . 

02 4 , 6 .  4 , 1 1  ' 1 4 .  

04 1 ' 5 . 1 5 . 
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HIS'�' OLOGICAL S'rAINING TECHNIQUES 

Spoc io ens wc:re dehyd rat ed in ethyl a l c o ho l  and c l ear ed i n  

chloroform and �Jlol . 

One s er i es of hrenty s ec t i o:1 s uas stainod I•Ti th a modi f i ed 

ha ematoxylin o.nd eosin s taini ng t echnique as f o l l ovls : d euax and 

hydra t e :  s t e. i n  in Ioiaye r ' s  haer:J.alum, 1 0  minut es ; rinse in t12p 

vm t er :  " blue11  in .S c o t t ' s  tap �m t er ,  2 minu t e s : rins e in tap vm t e r :  

s tain i n  1 �  eo sin �rellou vm. t er s o lubl e ,  90 s ec o nd s :  rins e rapi d l y  

i n  tap Na t er : dehydrat e . c l ear and moun t .  

94 . 

Ano ther s eries o f  hrenty s ec t i o n s  "·!as s t ained 1·ri th a V3.n G i e s on ' s  

s t ain �-Thich u t i l i s ed the prec is e and sharp s t ain:j_ng features o f  acid 

fuchsin , and t he permanent s tain ir:g pro p ert i es of ponc eau S fuchs in . 

7his wo.s n c c or:tp li:Jhed by incorpora ti:ng a r.1ix ture of bo th thes e dyes 

in the van G i c s on 1 s s tein . 'I'he s taining s ch edu l e  ,,,as as f o l l o us : 

devrax and hydr�:t o ;  s tain in c el o s t L:-! b lue , 1 0  m inut es ; rins e j_n 

t::tp wc::.t er ; s t::tin in tllayer ' s ho. em:ltun , 1 0  Binu t e s ; rinse  in t ap 

wo. t er ;  1 1 1Jlue " in Scot t ' s t o.p 1n t er , 2 �ninut es ; ::;_�inse in tap 1·r'l t er ; 

s tain in mo d i f i ed vo.n Gi eso n ' s  s t n in ,  6 :r:J.inut es ; rinse rapidl y in 

t ap wat er ; d ehydrat e , c l ear and mount . 





95 . 

Fig. 1 Pho t ograph of the rud iographi c  oquip::uont and pcrs pex 

d og c rush used in the oxp o riLwntal s tud i os . 'l'he cino-c<J.m o ra 

o n  the roar of the iEtEgo i nt ensifier i s  not visibl e , n o r  is 

the vidco tape rec o rd e r .  





I ' , 

/ 

\ 
96 . 

, ,  

I ' · · .  

\ 

.D'ig-. 2 Branches from the vagus �1e rv es that innervate tho 

c anine es ophacus , vent ral vi evr ( d iagrarrunat ic recons ·b·uc t i on 

and not to s ca l a ) . 

DVB 

DVr 
L'r V  

PRLh 

PR..X 

VST 
VVB 

VVT 

IX 

X 

an . r . 

c . c . s . g .  

c . l .  n. 

d . g . v .  

es . 

ex . b .  

m . c . s . g . 

ph . lll ,  

r . l . n . 

r . t . v .  

t r .  

v . g . c .  

d o rsal vagal branches , righ·l; J.ud l oft 

dors a l  vagal t runk 

l eft thoracic vaG�� 

pararccurren t lary:ngoal nerv e ,  l ef t  

phar��· eal ramus o f  vu£� nerve , l oft 

vac-;o sympati:1 0t ic t runl� , l eft 

v Gntral vc:.gal branches , right aud l oft 

vent ral va.e;nl t runl;: 

glos s oplill.ryn�·oal no1v o ,  right 

vagus nerve , l ef t  

anas t ol!w tic ramus o f  int ernal b ranch of 

c raEia l  la:ryngoal n erv e ,  right 

c ranial c e rv i c a l  syupathotic gan13·lion , ri.;ht 

c ranictl laryngeal nerv e ,  right 

dis t al gangl i on of va6'U3 , right 

es ophagus 

ext e1nal branch of c ranial la:ryneeal nerv e , 

right 

middl e c ervical s:fillpath ct ic ganglion, right 

pharyngeal musculature 

recurrent laryngeal nerve , right 

right thoracic vagus 

t rac hea 

vagoglo s s opha:ryngeal connec t i on , right 
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IX 
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m.c.s.g 

r. t.v · 

V V B  

D V B  

ventral view 
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Fi,g.3 T h e  phur"J11gOC:S Ol)hag eal nerve,  l oft lnt eretl vieu 

(diagrammat i c  rec ons t ruc t i on and not to s c a l e ) . 

PEN 

PRX. 

VJ'l' 

IX 

X 

c . c . s . g . 

c . l . n .  

c r . ph .  

c . t .  

d . g . v .  

es . 

ex . b .  

h . p .  

t . h .  

th . ph .  

tr. 

s . t .  

pha ryngo e s opb.a.;_;eal nerv e  

pharyn�_o; eal ramus of vagu::> n e rv e  

vac;o;:; yu:pa thet ic trunl;: 

gl o s a  Oll�W.l'JTTI.geal nerve 

vas-u.s no rv e  

c ranial c e rvical D yrapathct ic gangl ion 

c ranial laryngeal n erv e 

c ri c o pllo.ryD..geus muo c l o  

c rico thyro ideus mus c l e  

distal gaL.gl i on of V.J.GUB n e rv e  

e:3 ophar,;1.w 

cxt ern.J.l brar.ch of c ranial laryngeal nGrve 

hyoph�:ryngEJus mus c l e  

thyrohyo idous mus c l e  

thyroph:..1ryngoun r.1us c l  e 

t rachea 

s t o rno thyroideus mus c l e ,  cut end 



h.p. 
c . l . n .  

t. h .  

ex. b.  
c .  t .  

V S T  

PIN 
t r. 

es. 

cranial 

+--dorsal 
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Fig. 4 Orie;in of t�w pharyngo os oph2.goal nerv e ,  l eft lat eru.l v i ou 

(diagrJ.r.JL�atic r.:.;construction &nd no t to sc��l e;) . No t e  tho.t the 

pharyl'lgo os o phagcal ne;rvo is 2. distinct l10l"'it- e f rot t its origin 

in the pharyngeal rcunus of the VD{0-ill , acroQ.3 and caudal t o  tho 

cranial cervical syi:tpathet ic gan�·lion. This , the u�os t COili.lO n 

pat t ern , vras found in thirt oon dogs . 

I' :CH 

PRX 

VS'l' 

IZ 
V A 

c . c . s . g . 

c . l .  n. 

c .  s .  n. 

d , G , V o  

hy . ph .  

p . n . 

s . r ,  

"Tl . g , c .  

phary"1.1goesoph:-:c;ou.l norv0 

pharyng eal ramus of vag"l.l3 noxvo 

vngos;yr;o.po.tho-Gic t runk  

glos s o plnryng oal nerve 

v.::tgu.s norvo 

cranial c e rvical s yr•tpnth o 'C ic ganglion 

cranin.l lo.ryngoc.l nerve 

carotid s i nus no1� o 

dis to.l gangl ion of va,r�us uervo 

nerve branches to hyoph:J.:F.fllG etls nuscl o 

linguo.l rru:ms 0f gl os SOl)h&rynjoal nerve 

pharyngeal '.lervo 

sympathetic norv ) Tcot 

vago[-;,·l o s s o ph::i:r;sil'.g oal coane:ction 

Fi;..�._5 0Tigin of the phuTyngo os oph<;.geal nerv e , l oft lat e rn.l vielr 

(dio.grar:llilatic reconstruction and not t o  sco.le ) .  No te tho.t the 

ne1� e  fibres of the pha�Jngo co ophaGoal nerv o  are c l o s ely nssociatoJ 

Hi th the cranial cervical Syt· t:rathe:tic (;O.llt;lion and oucrge f row it 

in the s yupathet ic nerve Toot . 'rhis po. t t orn Has found i n  eight 

dogs . 

* rout o of tho phn.I"'JllG"O os ophageal norve fibres 

Key as foT Figure 4 
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Fi_g_. 6_ The right :pararccurront l ary!lgcal n::1d re:curront 

laryngeal nerr es ,  right lat eral vicvr (diJ.(sT&:l�Jo.t ic recons t ruc t ion 

and not t o  s c u J. c ) . 

PHLN 

W3T 

an . r .  

a .  s .. 

ca . l . n .  

c . l . n . 

c . t . s . g . 

es . 

ex . b .  

m . c . s . g . 

p . e . j .  

n. subc l . a . 

r . l . n .  

s . t .  

t r .  

pu.rarc c urrent laryng cnl nerve 

vagosyLpathotic t runk 

c:mas t ouotic ramus of int c rn::l branch of 

c ran ial laryngeal no:cve uith para:;_·ccurrent 

lar-Jllb oal n e rv e  

D.llSD. s ubc lavia 

caudnl larynseal n e rv e  

c ranial laY�fl:Ig Oal n e rv e  

c ervic o thorn c i c  s yLipatlletic ganglion 

ou o phngcm 

ext ernal branci1 of c ranial lnryng·cal nerv e  

lilidd l e c ervical s ynpathetic ganGl ion 

pharyngo es ophagcal j unc tion 

right s ubc lavian art ery 

recurrent laryngeal nerve 

s yupathet ic trunk 

t r�w hca 
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Fir;. 7. '.L'he left pararecurront lnr<Jn;:;oal o.nd recurrent laryTIG· eQJ. 

n e rves , l oft lat eral viou ( di 2{, Ta.::�: ,_c..tic rec ons t ruct ion and not 

t o  s calo ) . 

PHLH 

a . 

an . r .  

ca . l , n . 

c . l . n. 

0:-:3 . 

ex . b .  

Ill . C . :.� .  b . 

p . c . j .  

p . t .  

r . l . n . 

t r .  

pararocurrent larynl�eal n e rv e  

arch of aorto. 

anc..stomotic :caJ.UuG of L1t o rnal branch of 

c ranial laryTJ.GCnl nc-xv o  with pararccurrm'..t 

l a rync<::al nerv e  

caudal larync:,·e;al nc.:r.ro 

c ranial lo.ryng cal nerve 

os opha,�;cl::::: 

o:�ternal branch of c raninl la:::-ync;·oal n e rv e  

;Jiddlc c vrvicnl S JL!p.Tthut ic gnngJ. ion 

phu.ryngo o G oplncoal junc t iorl 

puluonar<J o.rt c�rial tr1.mk 

t rachea 
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\ •  \ 1  

P.ig.� Origin of the l &ft pararoourrcnt laryngeal and recurrent 

laryngeal nc1-v es ,  l oft lateral vi o\·; (diagra.muat ic recons truc t ion 

and not to s cal e ) . ':l'he o inclc root origin for both noiVos uas 

foUJ.J.d in ol cv cm does . 

LTV 
PII..LN 

a . 

b . t .  

l . a .  

l . s . a . 

p . t .  

r . l . n  . 

l oft thoracic va�JS 

para.rocurrent larync;eal neiVe 

arch of aorta 

brachioc ephalic art erial trunk 

l igauenhlLl artoriosum 

l oft subclavian art ery 

pulr.10nar-J art erial t i'lll1..1{ 

recurrent laryngeal naiVe 

. �ig. 9 Origin of th e l eft pararec1i.rront laryngeal and recurrent 

laryngeal neJ:V es , l eft lateral v i m1 (diagrammatic reconstruct ion 

and not to  G cal e ) . The mul t ipl e vae;al root origin for thes e  

n e rv es �To.s found in s ix dogs . 

Key as for Figure 0 . 
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Fig. ·1 0 T ra�1.:Jv or-s c s cc "c ion thron:{h tho l of t  pararccurrcmt nnd 

recurr ent l aryngeal nerves iJ.:r:�e-U.ia:c c l y  c audul t o  the l.J.:r:_m.x . 

Not o  th o c or.llilon n 0 rv e  ::.;heath ( a.rroli ) en c l o s ing tuo s epara t e  

nerv e  t runks . ( Ha cLtat o xyl in and van Gieson ' o ;  x 1 30 )  

cf . E'icure 1 1 . 

}).K! .. Ll Tr,'lnsvers u  c oc t i on through tllc l eft parnrccurront cmcl 

rec urrent laryrl2,·oo.l norv or� Cl:'..udal to t h e  laryJ.uc . This s ec t i on 

vias t akel1 froiJ o.nothur d og o.nd at a l uv Gl s l ightly w.orc c audal 

than th .. 1t in Figure 1 0 . Notc the hro s opa.r.:.:.t c nerv o  t runks . 

( Ha emat oxylin and van Gieson ' s :  :;;:: 1 30 )  c f .  Pigurc 1 0 . 
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Fig. 1 2 'I' he gain vaG-al nerve bro.nches to the thoracic en ophagus , 

v ent ral v i ew ( diacrnmJat i c recons t ruc t ion and not to s c a l e ) .  
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Fig. 1 3  Branches f ron the Vll[;"US n e rv es to th o thorac ic a.nd 

abd ominal os o phuGUs , ricsht lat o ro.l v i cvr (dio.._;rD.l'LJat ic 

roc ons t ruc t i0n a;.1d not to scal e ) . 

DVT 
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VVT 
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d .  
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rit;ht dors al vaGal !)ranch 

riglri; v en t ral vago.l branch 

vagoGympathot i c  t ru...'1k 

v ont ro.l va�al t runk 

c e rvico thoracic sympath etic ganglion 

din p hr agr.1 

os ophagus 

right subclavian art e ry 

right thoracic vagus 

t rachea 
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\1 . · 

Fig. 1 4 Branches froE tho vagus norvos to tho thor<..1.c ic and 

abdominal c .sophagus , l oft lat eral vim; (dio.grrunraatic 

reconstruction and not to  scale ) .  
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,.. 
Fig. 1 � A f r2..me from a c ineradiog·raphi c  film of & Group I d og 

( 05 ) taken before neurec t omy sho1·rinG' a bolus as it pas s ed 

c l eanly t h rough the c erv ic al es oplmgu::J . 

Fig. 1 6 A f rame f:::-o;� a c inerad iographj_c f i lm of a Group I dog 

(05 ) taken two days aft e r  b i lat eral pharyngo es ophagcal neurec tomy 

sho\ving t h e  paralys ed c erv i cal es o phagus packed ful l  o f  barium 

impre[,rn at e d  food . The para lysis and mas s of swalloued f o o d  can 

b e  s e en t o  ext end caudally b eyond th e s ixth c ervical v ert e bral 

l e-vel ( arro u) into the thorac i c  inlet . 





1 07 .  

Fig. 1 7 A frru:1o frow a c ineradiographic f i liTI of C1. Group I dog 

(05 ) tLCkon t Ho days aft er bilat ora l  pharyngo esophagoal neurectomy 

shmrin{; tllo thorac i c  es oplw..::;us packed ful l of bar:;.um iLiprogm:.t c::cl 

f o o d . A GtJ.c-:.11 inof f 0c t ivo 8D 01J�1ac;o2.l c ontrac t ioE (arl�ou )  ca.n be 

:J e cn D.t the <tJOI.lOnt it s tart ed at t �1e thorac ic inl 8t . 

Fig. 1$3 .A frame from a c in8radiogro.1Jl1ic film of a Group I dog 

(05 ) taken nin8 days aft er bilat e ral pharyngoos o phagcal neuroc t Oijly , 

s hovring the dio t a l  part of the s ual lovred mass in tho pu. r.:1lys ed 

c e rvical es opha;rus at the mot1cnt i t  uas pinched off by an 

8ffec t iv o  eo ophageal c ont rac tion nt a l evel betvm en the fifth 

and s ixth c e::rvical v o rt cl!rac (arro•·r ) . 





1 08.  

' 

1•'ig. 1 9a .!.� lat eral radiograph of a Group I I  dog ( 06 ) tal: on ono 

day aft er bila t e ral c raniu.l thoru c i c  vu:;otorny sho\fine the 

parnlysod thoracic esOi_)hn.;us tliln teu vrith gas . A bo lus of meal 

(arrow) , v1hich "as givon ,v-.3 .:: t os t  s u;;:l lO\"T , lios in the post­

cardiu.c rogion of the os oplla(,'US . 'i'lli:J dog o.l� o  hel.d a bilat eral 

pnoUl!lothorax. 

l:'ig. 1 9b A diagram of tho above rndiozra.ph . 
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Fig. 20 A f raw c f rom a cinerc.1di o graj1hic filL1 of o. Group II d o15 

( 06 ) taken one day aft er bilat era l cranial t h o rac i c  vagotomy 

sh ol'ring the pa ral ys ed thorac ic cs ophagus pacl�ed ful l  of bo.rium 

impregna t ed fo od and a c los ed eo.s t roos ophc..geal junc t i on (arrou ) . 

Fig. 2 1  A frnr.il o  frolil a c inoradiographi c  f i l:w. o f  a Group I I  dog 

(06 ) taken one day aft er b i lat eral c ranial thoracic vago t omy 

show·ing barium impregnat ed fo od packed in to the paralys ed 

thorac i c  os ophagus . A c e rvical es ophageal Have can be s e en a t  

t h e  moment i t  ended ( arro1"1 ) a t  the bas e o f  the neck . 





1 1  o .  

�ig. 22 A frame from a cineradiocrnphic film of a Group II dog 

( 06 ) taken one day after bilateral cranic.:.l thoracic vagotomy 

sho1,rine the p.:nalys ed caudal thoracic esophagns packed full ui th 

barium impregnated food . A Getal l aruo1.mt of food cnn be s een at 

the morJent it passed through the partially opened 

gaat roesophageo.l junction ( arrow ) . 





1 1 1 .  

,. I 

I'ig. 23.Q .\. lat eral radiogTnph of a Group II  doG ( 1 0 )  sittinG 
on its haunches to.Lcn one dc.y o.ft cr 'oiln·c crol c raninl t horacic 

vaGotomy, sho"Tin[S a. dilated thorac ic esoph:.:.£:,'1-lS and a clos ed 

ga.stro esophagenl junction ( arrow) . 

Fig. 23b A diagram of the above radiograph . 

I " ,/ 
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I'ig_. 2tl A frame frohl u c ineradiographic filn of a Grour I I I  dog 

( 1 5 )  taken b ef o re neurec t omy shouinc: u. bolus aft er it had pas s ed 

c l eanly al ong the es ophac;us through the thora c ic inlet region 

1ri thout l eav in,;· a t rail of uoal b ehind . 

hg. 22. A frame from a c ineradi ogra.phic fill:< of a Group I I I  d o e; 

( 1 5 )  taken before neurec tomy shouine; a bolus af t e r  it had pas s ed 

c l eanly throuJh the c ranial thora c ic esophaGUS wit hout l ca.vine; a 

trail of m eal b ehind . 
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J<'ig. 26. A frmne f roLl a c inor·adiogr:J.ph i c  filhl of a Group III dog 

( 1 5 )  t u.k on ono dny af t er rigLt r-::currcnt la.ryngo..1l ncurectony , 

s hoHing n t r.J.il of bariwn iml)rognat od food ·which romainc'i 

throu::;hout tho c o rv ic.J.l c8 oplw.gus aft e r  the p:::ts sagc of c over&l 

ineff ec t ive c ervical Haves . 

=''ir;. 27 A fr.:JJuo f roL1 a c in<.:r.J.clioc;-raphic fi lm of a Group Ill dog 

( 1 4 )  taken ono day aft or right rocun·ent leti'"'jTigeal n ouroctomy , 

shovring a c crvicE:.l osophageo.l c ont rac t ion vm.v e Tt the m01uont it 

paus ed at the l evel of the fourth c ervi c o.l vert ebra (nrrou ) . 

A t rac e of meal l i es in the proximal po.rt of the c erv ical 

es ophagus . 





1 1 4 .  

fig. 2 8  A f rarn o f rom c.. c iner.J.diogra1Jl1ic f i h1 o f  a Group II I dog 

( 1 4 ) taken ono dny .::tft or :;_·ight rocurront lnl-yngGal neurect ouy , 

sho1-ring somo bariura impregnat e d  food ( m·rmv ) after it had pnss ed 

fo nrnrds int o the p:ro}:imnl c erv icnl os ophagus . 

Fig_. 2� A f raru e  f rom n c ineradiographic f i lm of a. Group I I I  doe 

( 1 4 )  taken ono day after rie;ht recurrent laryngoctl neuroct OlilY , 

sho1r1ing the c o rvical es o phac;eal c ont rac tion vntv o a. t the momon t it 

res tart ed and pinched off (arrovT ) the part of the bolus ronw. ining 

in t he proximal c orv ical es o phagus . 





1 1  5 .  

l<"'� A fra., ;. e f roli1 n c inor<.ldi o graphic film of u.. Group I I I  dog 

( 1 4 )  takl:m eic-ht dL-:.ys o.ft cr loft recurrent larynccal neurGct Oll1Y 

shoi;ing tho c e rvical e:J ophu.coo.l \T�iV O as it end ed (o.:crou ) oppoi.> i t o  

the c ixth c erv i cal vert ebrc:. .  Sm1l louod bolus ec lying in the 

c ranial tllor.:.t c i c  os ophagus and .s. t rac e of Ll e.J. l  reEJ.ninint; in the 

c e rvical os o pll[ . :,u:::: can o.ls o be :..; e cm . 

_I'ig .]1 A frame f rol!l a cinerndiograJ!hic film of a Group III dog 

( 1 4 )  takon eight dnys aft er l eft recurrent la ryngonl neurec t omy 

shm.ring s\oral lowed meal lying in t he c rnnial th orncic osophagus , 

t hrough the tho rac ic inl et region and the meal that hnd refluxed 

into the dis tul c ervical esophagus . 
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Fig. 32 A frame f rom a c ineradi ographic film of a Group III dog 

( 1 4 )  taken eight days aft er l ef t  recurrent laryngeal n eurect omy 

showing the s tart of a new t hora c i c  esophageal lvav e vlit h  an 

ineff ective c on t rac t ion (arrou ) opposit e the firs t  thoracic 

int ervert ebral dis c . 

Fig. 33 A frame from a c inoradiographic film of a Group I I I  dO [S' 

( 1 4 )  , eight days aft er 1 eft recurrent laryngeal n eurect omy , 

taken a moment lat er than Figure 32 , shovling the in effec t iv e  

c ont rac t ion of the nev1 thorac i c  es ophagcal vm.v e .  
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Fig. 34 A frame from a c inerudiogra�hic film of a Group I II dog 

( 1 4 )  taken eight days aft er l eft rec-urrent laryJ.1f5')al neurect omy 

s h oHint; the thoracic es ophagGa.l 1·m.v o of c ontrac t i on a t  the 

mowont it beca1.uo fully affec t ive ( arrou ) oppo s H e  the f ourth 

t ho racic v ert ebra . 

Fig. 35 A fram e froJJI. a cin eradi o Graphic film of a Group I I I  dog 

( 1 5 )  taken eigl1t days after l eft rec'J.rrent laryngeal neurec t omy 

sho>ving a trail of barium iruprcg·nc..t od meal that remained in the 

c ervical osophagus aft er the pas sage of an ineffec t iv e  c ervical 

wav e .  The diphas ic origin (arro\'IS ) of the thora c i c  c ontract i on 

wav e can als o be s e en ,  





1 1 8. 

Fig,36 .i1 frame from a c inem.dio,3Ta:phic f ilm of a Group IV dog 

( 1 2 )  taken hTO days aft er bilateral thorac ic vagotomy dis tnl t o  

the o rigin o f  the rocur:rGn t lury.i""J.gcal nerves showing t he 

esophagoal uave of c ontract ion as i t  t enuina t ed (arroll ) opposi t o  

the firs t  tho racic int c rv ort obral dis c . 





1 1 9 . 

Fig.j7 A frame from .:1 c ineradiographic f i lm of a Grou}.) V dou: 

( 04 )  taken befo re n euroct ou1y sho1vinc- a bolus as it pas s ed 

through the thorac i c  os ophagus . l'Jo ma t erial has r0fluxed 

through the gas t ro e s opha;:;·eal junc t i on (D.lTOl·T ) . 

Fig. 38 A fraJJ.e from. a c ineradiographic f ilm of a G:.:oup V dog 

( 04 ) taken b efore ncurect ouy at the moment uhcm s ';-ra l louod bnriurn 

impr ec;nat ed food (arrmv ) reflu.xed through the go.s t ro es opb.agoal 

junc tion into the caudal tho rac ic eso phO.QlS . A b o lus may be 

s e en a s  it pas s ed through the c ranial thoracic e s o phagus . 

, I 
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},:ig_,_3,2_ A framo frow a c in eradiographic f ih1 of a Group V dog 

( 04 )  to.kcn fift e en do.ys aft er double t rtmk caudal thor&c ic 

vago t omy at the rnorJcnt 1:1hen some ;no.t erio.l rufhLx ed throuch the 
gas t ro es o phagoal junc t i on (arrou) . 

Fig. 40 A frruno from a c ineradiogro.phic f i lm of a Group V dog 

(04 ) t aken fift e en days aft er doubl e t runk cuudo.l tho rac ic 

vagot omy at the lllOJ.Wnt uhcm a large amount of gas t ri c  c ont ents 

(arrovT ) refhL'<:ed int o the caudal thoracic es ophagus . A bo lus 

c an als o b e  s e en c ranial to this refluxed mas:J . 





1 2 1 • 

Fi.� .  41 A frame f rom n c inoradiog rnphic f ilm of a Group V dog 

(02 ) taken f our day:oJ aft er dorsal t runk c .:1udo.l thoracic 

v ago toBy at the raoeont uhen soruo gas t ric roflux (arro'lv ) had 

o c curred . 

Fir5. 42 A fr8Lle from a c inoradi ographic f ilm of a Group V dog 

(02 ) taken f o urteen days aft er a doubl e t runk caudal thoracic 

vagot oEly at the nouent v1hen a c ons iderable o.;aount of gas t ric 

c ontents ( o.rrovr ) had rofluxed int o the caudal thorac i c  

es ophagus . 
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F�g.4J. 'l'he c::; ophagus of doG 1 0 , thirty one clays aft er bilat eral 

c ranial thorc.cic vagotomy . The huJ.Gn hc.a boon fil led with ,.m. t or 

t o  demorm trat o th8 c onsiderabl e  dilat.::.tion of the tho :rnc ic 

port ion . The laryYL� ha::; 'uecm pa.rt inl ly d.is s ec t od mTD.y fron 

thE: os oph�tgus . Thj_s phot o grc1ph is taken fron a . .  l oft 

ventrolat ural v i ou a.nd the thoraci c  inlet is indicated (arrou) . 
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�4± A tra!1sve m e  s ection through tho right pararocurrent 

laryngeal and rccur:;:ent laryngoD.l r:.ervos immedia.t cdy diG tal to 

the ir origim frou tho vag-us > control s p e c iL1en ::;howing the 

norraa.l his tolotzy .  ( Haei.tlat oxylin and van Gios o'1 ' s ;  x 1 30 )  
c f .  Figur e 45 . 

Fig.�- A transvers e s ection through the right pararecurrent 

laryng eal and recurrent lD.ryngwl nerves clos e to their origins 

from the vagus ; taken at autopsy fron dog 1 3 , nine days nft er 

bilateral vago tomy proximal to the orig·ino of the recurrent 

laryngeal nerves . Note the considerable degenerative c hanges . 

(Hae�latoxylin and van Gi os on ' s ;  x 95 ) cf . TI'iGUre 44. 
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Fi.;. 46 Transv ers e s ect ion through tllo typical s t rat ifi ed. 

s quamous epitheliun ( non-cornifi ed ) of tho c anin e os ophagus . 

This s ec t i on is fror.1 tho caudal thoracic regio n .  

(Haematoxylin and van Gioson ' s ;  x 2 35 ) .  





1 25 .  

Fig. 47a 'l' ramJvors G  s ec t ion thrcnl[Sh the midtho rac i c  port i on 

of the c anine es oph::tgw.> . (Hacwa toxylin ,  van Gi eson ' s and 

alcian bluo ; x 8 . 5 ) .  

li'ie;.47b DiagraLl of l<,iguro 47a sho\ving : a ,  s t rat ified s q_u�ous 

opi thlium ; b ,  larui�1a propria ; c ,  smooth mus c l e  of the 

muscularis muc os a e ; d ,  submucosal tunic ; o ,  mucous glands ; 

f ,  inner and g ,  out er layers of s t riat ed mus c l e  f ibres ; 

h ,  adventi t ia .  
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I<'i_g_. 4&. Longitudinu.l s ec t ion through tho t e n1inal es ophagus 

and the gas t roesopho.geal junc t i on of the dog . ( Ha omEct ox:ylin 

o.nd van Gies on ' s ;  x 5 ) .  For diagram s ee Figure 48b . 





1 27 . 

Fi,;.48b Diagras of Figure 4fu s hovri;1,� ; o. ,  s t rat ified o qum10us 

epi thel iun of the es o phagus ; b ,  mus cularis r.mc os ao ; c ,  muc ous 

�lands ; d, iffi1er and c ,  out er layers of 6s ophatonl s t riat ed 

mus cl e ;  f ,  adv ent i t ia ; g ,  diaphrng:::1 ; h ,  phrenic o c s o phagcal 

ligament ;  i ,  thickened layer of c i rcula:!:' sruooth mus c l e ;  

j ,  c o lumnar ga::J t ric c pitholiUD . The abrupt change f roe 

cs ophac;oal t o  gas t ri c  opithel iurJ is indicgt ed ( arrou ) . 
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