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THE PAYSIOLOGICAL ROLE OF THE JUGULAR NERVE IN THE
INNERVATION OF INTRAORBITAL MUSOLES, EXOPHTHALNMOS
© 7 IN POSTERIOR FOSSA TUMORS

IFollowlng is the translation of an article
by L. A. Eoreysha snd I. M. Irger entlitled K
Figiologicheskoy Roli N, Juguisris N, Sympe-
thici v Innerveisil Veoutriorbitel nykh Myghig.
Brzoftal miya pri Opukboiey Zaduey Cherepnoy
Yamki, (uinglish version above), in Voprosy Ney-
roknirurglii (Problems of Neurosurgery), Vol. '
XXIV, No. 3, July 1960, Moscow, pages 31-37.]

The Diagnaatic Value of 3nila§graliﬁﬁééhthalmns in éefebeliaf Tumors
Exophthalmos is nqt‘uncdmmonly encounfered in posterior fossai“"

itmmera, paréicularly.ahose of the fourth ventricle, where it.is usualiy 1

bilateral. In the analysis of 164 cases of cefeballér_tumors in aduits“

an insignificant degree of exaphthalmoslwaslfound in 26 patienﬁst(lé.par—v

benﬁ);' of these, it was vailateral im 17, and bilateral in nine. Unilat-

éralyaxophthalmcs usually is on the side of tha cerebellar focus. We
bbservad this in i& paﬁiemtso_ in tﬁxee patieﬁﬁs the exqphtﬁalmos ﬁas on é
ﬁhﬁ side oﬁpaaité‘to the cerebellar Focus.

| In posteriar'fosaa tumors exaphthaimos usually is not éccampanf
Iie& by 2 simﬁitanemna dilatatio& of the pupil. HNevertheless, fegardlegsi
.of whatﬁar it is 6r is not associated with the influence of the tumor |
process on the meduila,'hypothaﬁgméﬁ@ﬁrdn the cerebellum, it might have |

been expected that the symgatheﬁic é££eétliﬁf§03;ér;pr fossa tumors be .

imanifested in the form of exophthaluos with simulteneous dilatation of the
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In the case of tﬁﬁors of the posterior fossa exnpﬁth&lmoa is.*
ususlly associated with an irrvitation of symgéthetic strucbures winhin

the hﬁéiﬁ~3gem; it is well known that électrical stimvlation of the hypo-
thalamic arezs produces a éympatha@ic effect in animels in the form of a
maximun dilatation of the pupil, §iiaﬁatiam of the optic fissure and con-
traction of the third Lid (Farpius and Kreidl,vlgﬂg; 1910, and others);

In cases of focl in the meﬁull& (for example, with obstruction of the

osterior inferiocr cerebeller artery) or in the pons Hovner's syndrome is
postT 3

manifested on the same side. This speake for the fact that while sympath-

etic fibers which supply the intracrbital smooth musculature cross, this

38 accomplished above the medulla and sbove the pons.

Baginniﬁg in the postericr portion of the hypothalamus the>effer~

ent sympathetic fibers pges through the mid-brain end the medulla, the V
carvical portion of the spinal covd, being dirvected foward the centrum a
ciliospinale ﬁuég@; Pary cf.che fibers crozses in the area éf'the”reﬁicu
uvlar formatiam;'parﬁ passes thznugh this arex withcﬁt crdasing (ﬁeattie,
Dull and Ballance, 19325 Gotfschick, 1955). Ftdm the centrum ciliospinale
ghe sympathetic fi$ais ere pass within the cervical sviopathetic trunk
thféugh the superior cervic&l ganglion to the orbit.

| The diagrepancy ;inﬁiéated cannot be explained either in the

light of the experiments of L. A, Orbeli and A. M. Zimkina. N. M. Verzilov

(1903) observed vegetative effects in animals on the part of the pupil and .

orbital
muscles after electrical and mechanical stimulation of the cerebellum.

A, M. Zimkinz and L. A. Orbeli (1932) and &, M. Zimkina (1945) confirmed
. : A



} ; V Lha observatious of N. M. Verz:lov and communicated the fact that under

: the influence of aain“latien of even one~half u{ the cerﬁbe}lum in dogs,
cgts @né-r&bbits a gympathetic effect occuras in the ﬁorm of protrusian of
the eyeball, dilatation of the pupil, retraction of the third 1id on both
sides; after a unilatéralltraneecﬁinn of the cgrviéal sympathetic nerve
the effaects éf s;imulétiag of the cerebellum on the'si&e of thé transection
disappear or are eﬁpzéssed very siigbtly. In accordance with the data of

| k A, M, Zimkinz a bilaLeLal transectioq of the cervical aympathuric trunk

% :almost,camplétgly:eliminates the effecta of scimulation of ﬁha cerebellusm.

The GOeCUYTEROR af e&uphtha}moq ia cersbellar tumﬁxq WLthGUt

i simultaneous dilatatlcr of tne punil beeomes underatandable te a cercazn '

dagree wheﬁ the physiological rale»of‘tha jugnlax'nerve is investigated.

| Ex?arimantai Investigations

| . ' » According to data in the litérature,»tﬁe route of sympaéheﬁic
fibere to the eyé and orbital muécles ccrrespanda tavthé diagram (Fig.1).
Howevér, the in&es*igatlons of L. A. Rareysha {1929y, L &, Kur&y ha an&
Ya. L Rapeport (3929} and evr oun ob ervations-grve us the basis for
changlng this diagram.

As is well known, the dorsal ﬁﬁéleus éf the vagus nerve is funcv

'Limnally relat@d te the cervical sympathetlc ganglla, which gserved as the
grounds for calling it the ”vegetative nucleus of the medulla", Eibers

through

.fromvthis nucleus, gccqrding to axisting-concepts, pass  ,the cervical
poftion of the spinal cord and only at thg @evel of thé infarior cerviéal'

and superior thoracic segménts go off to the cervical sympathetic ganglia.
.
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t L. A. Xoreysha and Ya. %. Rapaéort, while not excluding suah 2 type of ¥
cannécgiom of the madulla with the cervical sympathetic ganglia, believe
that.these connections can be acgomplished also thrcugh anathérirﬁutg,
uamély; through the jugular nerve of the gymyathetiﬁ syatem, which comes
off Ehe uéper pole of the ﬁuperiat cervi;al gahglioﬁ and passes through
thevjuguxar foramen into the cevity of the skull along with the fibers
oE the’vaéu& nervé, 'The subsequent course of the jugular nerve fibers
ié not known relisbly as'yet; L. A. Koreysha and Ya. L. Rapoport have
shown that after the intracranial transection of the vagﬁs nerve in dagé
a degeneration of cells in the cervical sympathetic ganglia occurs. On
‘this basis they beliéve that the fibers whicﬁ travel within the jugular
, : _ . .
nerve of the sywpathetic trazt begin in the medulla, apparently in the
dorsal nucleus of the vagus nerve, and end in the cervical sympathetic
ganglia. This is confirmed also by the experiments of L, A. Koreysha

with stimulation of the ce&halic end of tha'cerviaal sympathetic nerve in

6ﬁg§, vhich showed tﬁatvthié}nerve participstes in the reguiation of blood
pressure and cardiac activity and that impulses pass to the medulla along
fibers which are not interrupted in the supérior cervical sympathetic gaﬁg—

1ion but rather remain within the jugular nerve. -

lugidati | |
elug éat ngthe phySiOlOgi‘:al tole of the

For the purpose of R

jugular nerve we have undertaken experimental research with the aim of
gtudying the influence of the fibers ef the jugular nerve on the intra-
orbital smooth muscles and pupils. After the isolated transection of the

I A
cervical sympathetic trunk in dogs (or the excision of it for several

e ‘.}.} i
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t centimeters with the aim of preventing the possibility of union of the ¥

nerve fibers), a Hornev's syndrome developed on the side of the transec~
ﬁion in the form of encphthalmos, narrqwing of the optic fissure, marked
constriction of the pupil and velaxation of ihe nictitating wmembrane.
o the - o
Thig syndrowe remained constant for,ten months of observation. One
‘to two months’after the oéeratien the dogs were injected subcuﬁaneousiy
with apomorphine (one cubié centimeter of one percent solﬁtioﬁ), which,'
as is well knowm, causes an overstimulaticn of the medglla, and after
five to 15 minutes a marked sﬁmpathetic effa;tvéccurred_an the siée of
thevﬁogmer syndrome in the form gf dilatation of the pupilg.exmphthalmus,
contraction of the third 1id and dila;étion of thé optic fissure, Sigﬁs
of_stimuiation of the sympathetic fibers gradualiy disappeared after
25~30 minutes,and the Horner's syndrome.recurred. Apomprphing was given
_to each dog several times, and in all seven experimenﬁal dogs this inev-
itably vas gssociatad with the same reactions.
The oceurrence of the sympathetic raaﬁtion of the eye and orbital

.musculatura after the injection of the apomorphine on the side of the
transected cervical sympathetic trunk indicates the fact that par£ of the
sympathetic f{ibers froﬁvthe medulla reach the eye and the smooth muscul-
ature in the orblt, by-passing the cervical sympathetic trunk; to bea suve,
if we can exclude the humoralieffect of apomorphine on the intracrbital

Lotructures or post-ganglionic sympathetic fibers. With the aim of A

P B i
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- ‘ texeluding tha homoral infiuence in two doge a «t%mulation,af ‘the meduila;

WBE uﬁﬁertakeéﬂwith & f&*adie current in the area wh%ra the nerve tcutea'
of th% vagus come off on the ﬁid& 05 Y cerviaal sympathetic trunk which
hgd besn transected aaverai»manthe ?efar&'thisa Inmediately aft&r the

- current was'tﬁrn&é-on, é marked broﬁrusi#n of the eveball aﬁd 4ilatation
of the pupil were uoted on the side of éhg ' A7_'kéﬁ£mu1atinn instead of
the fcrmer Bazner's ﬁyn&rume;.heré, the ?rotrﬁ%iQn was more &isﬁineﬁly
pronounced than on the opposite side, After éight to ten minutes the

Horsmer's syndrome could be 6bsérvéd again,

?hé iﬂvagtigagians of V. Hayevskiy (1928) 51&9 gpesk agalnst ﬁhe
humoral effect of épamaﬁ?hiﬁé on the intraor%itai_sﬁructu:es'or pastQ
genglionic eympathetic fibers, His experiments caneisteé af’the'fact that
after the transection of éh v&aaqympgthet e trunk af dog iﬁ_thé neck the
céntral end of the vague nerve was aﬁgstamﬁs&ﬁ with thevpari§héral'eﬁd of
the s*mpathe;xﬂ nerve. The occurrence of a sympathetic :&actiﬁn of'the
eyes and of the sabm&xill&&y gland after the injection of apomorphine was
ev*dénce 6f the Eﬁncﬁional relaﬁinnship between the vagus and symp#thetic
nerves in the neck. The‘opérative removal of the neuroma which fommed in
th¢ necg eliminated the sigﬁs whichk had been obse%veﬂ-bafare the operéticn.

B.‘I Levrent'vev and co-workers (193%) and other authors indicate

" that iv all gx babiliey all the sympathetic fibers traveling slong the |

Lintermai cavotid artery plexug to the orbit pass thraugh the superior 4
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cervical ganglion, From the superior cervical ganglion large branches

come off in the dog: one, to the internal carotid artery; the other, to

4oin the jugular ganglion of the vagus nerve, From the

laéeral~posterior surface of the ganglion there are anastomoses with the

ganglion nodosum cf the vagus nerve. In man, acao%ding ﬁ& the data of

M. Clara (1953}, tha_jugulav nerve 1ea§e3 the superiér cervical ganglion

and trawelé along the adventitia of the internal jugular vein to the

aréa of thevjugular foramen; hgre, the jugular nerve 1aave§ the wall of

the vein: ons branch of it goes to the jugular ganglion of the vagus

nervas the ather; to the e#traaranial ganglion of the glossopharyngeal

n@rvef Théﬁe anatomic gata in combiration with the physiolopical data

described above permiﬁ us to suprose that smﬁe sympatheﬁic fibers for

the smooth muscles of the eye péss fromvﬁhe cells of thé dorsal nucleus

of the vagus nexve to the jugular foramen, and penetrate into the super-

for cervical ganglioﬁ within ﬁhe jugular nerve (Fig. 2),

Therefore, the diagram of the sympathetic innervation of thg

smooth musculature of the eye and the orbit presented in Fig. 1 ghould

be changed, because the physiological and anatomic data pewmit us to

consider, with a definite degree of probability, thaﬁ the sympathetic fibers

which innervate the‘smoéth musculétute.inside the orbit and the muscles of
-the eye go by at least two routes: 1)  from the hypothalamic érea thrmugh
- ' A

the brain_stem, spinal cord, cervical sympathetic trunk into the superior

Y -
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cervical ganglion and 2) from cells of the cdorsal nucleus of the vagus !

;nerve the fibers travel through thé jugﬁlaf"foramen within the jugula?
nervé and penatrate into the superior CerviC&llganglion, fromAwﬁich thé_
pést—ganglionic fibers for the iﬁttaarbital and ocular smooth musculature;
takeitheit origin. |

Eye.

Fig. 1. Diagrem of Sympathetic
Tunervation of the Bye. |

T=sgtellate ganglion; 2=~psuperior
cervical ganglion; B-intermul

iwarotid artery plemus; 4e-ciliary
ganglion; S=-n. jugularis n, sympathici;
G==internsl carotid nerve

{Flg. 2. Diagram of Syupathetic
{ Imnorvation of the Eye, Mades on
the Basis of Research by L. 4,
‘Koreysho and I, M. Irger.

Few=fibers commecting hypotbhalamic
sren with visceromotor nuclel of
- medulla; Ve~trigeminal nerve nucleus:
“Femvagal nucleus; 1--gtellate genglion;
2wmsuperior cervical ganglion; Zm- ;
“int, carot, artery plexus; h--ciliary
Cpanglion; S--juguler nerve; && int.
ecarot, nerve; T--sympathedic fibers
‘Trom cells of dorsal vagal nucleus
Ctravel within juguler nerve through
Jugular foramen to sup. cerv, ganglion:
. , ;
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Iéxthe schema of sympathatic iﬁnervation‘of the eye which wé‘
have'pfopcaa& were not cerrest it wight be egpeatﬁﬁ that vemoval of tbé
supaﬁier-cervical ganglion should 1&3& to an interruption of both symp-
athetic routes and to a complete glimin&tidn of the sympsthetic innerve .
ation of thélatbital and ocular ruscles and ;hat af;er the injection of
apomorphine the sympathetic effaﬁg’mnithg slde of the lesion should be |
eiimiﬂaﬁeé. | |

Experimental observations did not confim this, but we were

able to determine some interesting facts. If, one to two months after a

unilatersl rem&vai of &he superior cervical gangl@aﬁ in dogs, an ovew-
stimulation of the medulla was produced by means of the injection of apo-
morphine, the gympathetic affact was shawm.differantly on beth sides.

Five to gix minutes after the Injection aﬁ the héalthy gidg # dilatation

of the pupil, exophthalmos, dilatation of.ﬁhe‘optia fiﬁsure-amd.rétfactinn
of ghe third 1id occurred. Omn the side on which the cervical ganglion |
had been vemoved the exophthalmes, &ilatatioh af the ofticlfissure and

retraction of the third 1id were even more marked than on the healthy side,

and the pupil remained very much | contracted. Sometimes, on

the operated side the pupil was two to three times smaller than on the

opposite side. Repeated injectionswith apomorphine in all three exper-

imental dogs wzre accompanied by the same effect, Therefore, the schema

which wé have suggested is correct only for the sympathetic fivers of -

— —



r the'pupil passing through the superior cervical ganglion, whereas -
another route aside from the two mentioned cxists for the fibers which
supply the intracrbital muscuiature stimulation of which causes exoph-
thalmos, This is confirmed by the following experiment: vhen faradic
stimalation of the madulia'was performed inAtwo dogs a month after the
unilateral removal of the superior cervical ganglion, exophthalmos
occurred on both sidés.

This is the limit of the conelusions based on experimental
data. VWe can only expréss certain ideas about the‘directi§n of the third
route, which do net'exciude.athér pdssibilities,

Perhaps the sympathetic fibers pass to the intraorbital musculu‘
ature within the sc-called ”vertebrai}nerva“; which begins with several
branches from the superior thoracic ganglion and follows the vertebrai
artery, entering the transverse foramen along with it, where at the level
of tﬁa sevénth cervical vertebrs all the branches unite in the form of a
vertebral nerve trunk. With the increase in the complexity of organization
of the animal a tendency is noted toward a reﬁuction in the size of ﬁhe
yvertebral nerve. 1In man it is poorly developed, and séme régard it 28
a vascular plexus of the vertebral artery, with which, taking into éonaid»
eration the compérativewanatomic data, we can hardly agree. im the newborn
thé vertebral nerve is be;ter developed and forms ganglia at the gite of

L its connection with the cervical nerves (V. S, Baraboshkin, 1903} .. J




 .0n QheAbasis of a comperative-anatomic anaijéis SV, B,
Baraboshkﬁnéonclud&d that in mwan, as in other mammals, it is not the
superficial cervical sympathetic system which is the continuation of the
sympathétic c¢hain of the trunk but rather the deep sympathetic system
which is represénted by a ﬁumber of ganglia on the grey rami _ | in the
canal of the vertebral arvtery. The vertebral artery ?1exus in man is
formed frcm the‘ascending branches of the inferinr carvical.aﬁd the first
thoracic sympathetic ganglia and passes in the wvertebral canal. The views
expressad by V. S;'Baraboshkin‘have been supported ﬁy B. M. Sokolov (1943},
The vasculatvplexus of the vertebral artery in man penetrates into the
cranial cavity and along with the branches of the Basilar artery enters
into a connectiecn with the nerves coming from the internal carotid artery
plexus (A, Tsv&tkovﬁ’1938; V; L. Lesnitskava, 1948).

1Thasa data do not exclude the possibility of the fact that
part of the sympathetic fibers may travel to the smooth intraorbital
musculaturelwiﬁhin the vertebral arﬁery plexus,

Gellhorn and co-workers have observed a dissociation of the
nictitating mewbrane and the pupil after stimulationvﬁf the sympathetic
ner&oua sygtem, In a weking cat the'slightest stimulation, for example,
‘moise in the room, produces & maximum contraction of the nictitating
membrane. At the same time, the pupils may dilate, but this dilatation

Y55 the same for the normal and the sympathectomized eye and, therefore,

-




#is not the result of contraction of the muscle which dilates the pupil ¥

-

aﬁé which is innervated by the sym?aﬁh&ﬁic‘nﬂtve buﬁ rather the result of
an iﬁhibition of the oculomotor nerve, After transection of it even 2 very
strong influance in the forﬁiof painfuz stiﬁulatian of the sqiatia nerve
does not produce any changes in the pupil. All this indicates the fact

that after painful stimulation sympathetic discharges go to the nictitating

. pembrane but do met go to the pupil (Ury and Gellhorn, 1639).

Similar reaulis have been obtained in cats also after qtimnlation

of the hypotbhalamus, when, aleng with a maximum contraction of the nictitating
membrane, a dilatation of the normalland sympathectomiz@d'eyes Lﬁﬁpilﬁi}
cecurs (Carlson, Gellhorn and Darrow, 1941), Stimulation of the medulla
‘also can produce an increase in blood,pressuré énd contraction of the nictitat-
ing mﬂmbrané, without being reflected on the degree af dilatation of the
normal and sympathectomized eyés (Gellhcrn, 1943, l§48}.

| After electrical stimulation of the first bréﬁc& of ﬁhevtrigem~
inal ner@g'in‘rabbits, within which sympathetic‘fibers are found which pgo
to the iris, A, V. Lebedinskiy and N. G. Savin (1947) observed the relation-
ship of tﬁe éupiliary reaction to the frequency and strength of the current.
With'étimulation with é current of low frequency or of low veltape symp-
toms of stimulation of the afferent fibers of the trigeminal nerve appeared
in the form of av¢ontraction of the pupil; and with an increase invfrequancy

oy vnltage of the current to a degree sufficient for stimulation of A




H
e e

¢ sympathetic fibers also the pupil dilsted. ' . R

The explanation of the dissoclation of the reactions of the
nictitéting membrane and the pupil in stimulation of the sympathatic

nervous system can be found in the work of Gellhorn (1943, 1948). He

~ believes that exeitation and inhibition in the sympathetic nervous system

lead to a{changa in the number of filers invoived in the process of excit-
ati&ﬁ;‘depaﬁdiﬁg on ihe iﬁtensity ?f egcitat£on, as w&%l as to 2 change i@
the frequency e§ ﬁiaaharg%s in the indivi&ual_fiberﬁ iﬁ accordance with
the basic p¥ia&£p1eé_0f Adyian, | | |

‘}Zn écmmctian wiﬁh the fact t_:hat the sympathetic pmugangliqnia
¢ibers are in contact with several ganglia at different levels and tﬁat

each nerve fiber transmits impulses to many cells located in the same gang-

lion, the excitation process in the sympsthetlc nervous systemlsg & tend-

ancy toward a ganeraiizeﬁ distribution. However, under certain.canditiens
not all of the branéhas of the sympathétic neryous syaﬁ&mvare.subjagt to
the same effect, | |

The method of the experiments p&rfermed for the purpose of study-
ing the physiclogical zole of the ﬁuguiar nerve do not give us the basis |
for briéging in Gellhorn's ccnce?tion for explaining the facts'which'we
have establisghed,

The aim of the present communication is to throw light on the

bmechanism of occurrenﬁa of exophthalmes in posterlor fossa tumors,’ 4



without dealing with the details of the clinlcal significance of this

.

sien. Exophthalmos in patients with cerebellar tumors, as a rule, is.

very slight and is not uncommonly found only on attentive examination.

In animals (dogs and cats) stimulation of the sympathetic fibers produces

marked exophthalmos. This may be explained by the very slight development

1 .
of Mulleér's muscle in man.
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